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Pursuant to Clean Air Act § 505(b)(2) and 40 CFR § 70.8(d), the Sierra Club 

hereby petitions the Administrator (lithe Administrator") of the United States 

Envtronmental Protection Agency (" U.S. EPA") to object to proposed Title V Operating 

Permit for the Cash Creek Generation Station, Henderson County, Keittucky ("Permit" 

or "Proposed Permit"). ~ copy of the Permit is attached as Exhibit A. The Permit was 

proposed to U.S. EPA by the Kentucky Department for Environmental Protection 

~,ivision for Air Quality (hereinafter "KDAQ") more than 45 days ago. Sierra Club 

provided comments to the KDAQ on the draft permit. A true and accurate copy of 

Sierra Club's written comments is attached at Exhibit B. DAQ responded to comments; 

a copy of KDAQ's response to comments is attached as Exhibit C. 

This petition is filed within sixty days following the end of U.S. EPA's 45-day 

review period, as required by Clean Air Act ("CAA") § 505(b)(2). The Administrator 

must grantor deny this petition within sixty.days after it is filed. If the u.s. EPA 

Administrator determines that the Permit does not comply with the requirements of the 

CAA, or any "appl~cable requirement," he must object to issuance of the permit. 42 

U.S.C. § 7661b(b); 40 ~.F.R: §70.8(c)(1) (liThe [U.S. EPA] Administrator will object to the 

issuance of any permit determined by the Administrator not to be in compliance with 

applicable requirements or requirements of this part."). II Applicable requirements" 

include, inter alia, any provision of the Kentucky State Implementation Plan ("SIP"), 

including Prevention of Significant I;)eterioration ("PSD") requirements, any term or 

condition of any preconstruction permit, any standard or requirement under Clean Air 

Act sections 111, 112, 114(a)(3), or 504, acid rain program requirements. 40 C.F.R. § 70.2. 

"The Title V operating permits program is a vehicle for ensuring that existing air quality 

control requirements are appropriately applied to facility emission units in a single 

document ... Such applicable requirements include the requirement to obtain 

preconstruction permits that comply with applicable new source review requirements." 

In re Monroe Electric Generating Plant, Petition No. 6-99-2 at p. 2 (EPA Adm'r 1999). 

Therefore, the Administrator must look at whether an emission unit has gone through 
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Pursuant to Clean Air Act § 505(b)(2) and 40 CFR § 70.8(d), the Sierra Club 
,. , 

hereby petitions the Administrator (" the Administrator") of the United States 

Environmental Protection Agency ("U.S. EPA") to object to proposed Title V Operating 

Permit for the Cash Creek Generation Station, Henderson County, Kentucky ("Permit" 

or "Proposed Permit"). ~ copy of the Permit is attached as Exhibit A. The Permit was 

proposed to U.S. EPA by the Kentucky Department for Environmental Protection 

~~vision for Air Quality (hereinafter "KDAQ") more than 45 days ago. Sierra Club 

provided comments to the KDAQ on the draft permit. A true and accurate copy of 

Sierra Club's written comments is attached at Exhibit B. DAQ responded to comments; 

a copy of KDAQ's response to comments is attached as Exhibit C. 

This petition is filed within sixty days following the end of U.S. EPA's 45-day 

review period, as required by Clean Air Act ("CAA") § 505(b)(2}. The Administrator 

must grantor deny this petition within sixty.days after it is filed. If the U.S. EPA 

Administrator determines that the Permit does not comply with the requirements of the 

CAA, or any /I appl~cable requirement," he must object to issuance of the permit. 42 

U.S.C. § 7661b(b); 40 C.F.R: § 70.8(c}(1) (liThe [U.S. EPA] Administrator will object to the 

issuance of any permit determined by the Administrator not to be in compliance with 

applicable requirements or requirements of this part."}. /I Applicable requirements" 

include, inter alia, any provision of the Kentucky State Implementation Plan ("SIP"), 

including Preveption of Significant Deterioration ("psD") requirements, any term or 

condition of any preconstruction pennit, any standard or requirement under Clean Air 

Act sections 111, 112, 114(a)(3), or 504, acid rain program requirements. 40 C.F.R. § 70.2. 

liThe Title V operating permits program is a vehicle for ensuring that existing air quality 

control requirements are appropriately applied to facility emission units in a single 

document ... Such applicable requirements include the requirement to obtain 

preconstruction permits that comply with applicable new source review requirements." 

In re Monroe Electric Generating Plant, Petition No. 6-99-2 at p. 2 (EPA Adm'r 1999). 

Therefore, the Administrator must look at whether an emission unit has gone through 



the proper New Source ~eview or PSD permitting process, including whether accurate 

/I applicable requirements," such as accurate best achievable control technology limits, 

are in,corporated into the Title V permit. In re Chevron Products Co., Richmond, California, 

Petition No. IX-2004-08 at pp. 11-12 and n.13 (EPA Adm'r 2005). 

, Here, the Administrator must object to the Proposed Permit for the Cash Creek 

plant because the Permit fails to comply with all applicable requirements, including SIP 

requi~ements and PSD permitting requirements. 42 U.S.C. § 7661d(b); 40 C.F.R., § 

70.B(d); New York Public Interest Research Group v. Whitman, 321 F.3d 316, 333 n.l1 (2nd 

Cir.2002). 

I. . THE CLEAN AIR ACT REQUIRES THAT BACT LIMITS BE 
ESTABLISHED BASED ON CLEANER NATURAL GAS FUEL. 

, Congress specifically defined BACT to require consideration of less-polluting 

fuels as a way to reduce emissions. 42 U.S.C. § 7479(3) (defining BACT as the 

"maximum degree of reduction achievable ... through ... clean fuels ... "). The applicable 

Kentucky SIP also defines BACT as requiring' consideration of less-polluting fuels. 401 

KAR 51:001, § 1(25). The legislative history of the Clean Air Act confirms that Congress 

intended to create a preference for lower polluting fuels. The 1990 Clean Air Act 

Amendments revised section 169(3) to expressly require 1/ clean fuels" as a pollution 

control option that must be considered when determining BACT. Pub. L. No. 549 § 

403(d), 104 Stat. 2399,2631 .. 32. EPA's contemporaneous interpretation of this 

amendment was that the 1/ clean fuels" requirement in the definition of BACT codifies 

the policy" that clean fuels are an available means of reducing emissions to be 

considered along with other approaches in identifying BACT level controls." Letter 

from William Resenberg, U.S. EPA Assistant Adm'r for Air and Radiatio~1 to Henry A. 



Waxman, Chair, Subcommittee. on Health and Environment (Oct. 17, 1990), reprinted in 
I 

136 Congo Rec. at 516916-17. 

If there were any doubts as to what Congress intended when it required a . 

permitting agency to consider clean fuels when establishing BACT limits, EPA put them 

to rest: 

The phrase' clean fuels' was added to the definition of BACT 
in the 1990 Clean Air Act amendments. EP A described the 
amendment to add 'clean fuels' to the definition of BACT at 
the time the Act passed, 'as * * * codifying its present 
practice, which holds that clean fuels are an available means 
of reducing emissions to be considered along with other 
approaches to identifying BACT level controls.' EPA policy 
with regard to BACT has for a long time required that the 
permit writer examine the inherent cleanliness of the fuel. 

Inter-Power of New York, 5 E.A.D. 130, 134 (EAB 1994) (emphasis added, internal 

citations omitted); see also In re Knauf Fiberglass, GmbH, 8 E.A. D. 121, 136 (EAB 1999); Old 

Dominion Electric COQperative, 3 E.A.D. at 779, 794 n. 39 (1992) ("BACT analysis should 

include consideration of cleaner forms of the fuel proposed by the source."); Hibbing 

Taconite, 2 E.A.D. 838, 842~843 (EPA Adm'r 1989) (remanding a permit because the 

permitting agency failed to consider burning natural gas as a viable pollution control 

strategy); In reEast Kentucky Power Coop. Inc., Order Objecting.to State Issued Permit V-

06-007 at p. 30 (EPA Adm'r. Aug. 30, 2007) (objecting to Title V permit issued by 

Kentucky for failure to demonstrate that cleaner fuel, low sulfur coal, was not 

achievable and should not be used to establish BACT); U.S. EPA Region 4, Air P~rmits 

Section, Comments on Draft PSD Permit for Duke Energy Carolinas, LLC, Cliffside 



Steam Station, Unit 6 Project at 4 (Oct. 3, 2007) (because ~he proposed unit can burn 

either subbituminous or bituminous coal, the fuel type is not fundamental to the project 

and BACT must be established based on the cleaner PRB coal) (attached as Exhibit D). 

liThe Act is explicit that I clean fuels' is one of the control methods that EPA has to 

consider." Sierra Club v. EPA, 499 F.3d 653,655 (7th Cir. 2007). The United States Court 

of Appeals for the Ninth Circuit similarly held, in Hawaiian Elec. Co., Inc. v. EPA, that 

low sulfur fuel could be selected as BACT for a facility proposing to burn high sulfur 

fuel. 723 F.2d 1440, 1442 (9th Cir. 1984). 

The proposed Cash Creek plant will be capable of burning either synthetic gas 

made from coal or natural gas. See e.g., Proposed Permit § B, Emission Units 01 & 02, 

1.a. In fact, the applican,t acknowledges that it does not intend to bum synthetic g~s in 

the combustion turbines f<;>r the first 6 to 12 months of operation and, instead, intends Ito 

operate the combustion turbines solely on natural gas. See Response to Comments at p. 

3 ("'Plis change is requested because the combined cycle power block is expected to 

commence operational testil1g with natural gas fuel approximately six (6) to twelve (12) 

months prior to the introduction of synthesis gas from the gasifiers.''!) 

Despite being able to burn clean natural gas, the Permit does not establish BACT 

limits based on cleaner natural gas - but instead provides tWo limits, depending on 

which fuel is used -lower limits for clean natural gas and higher limits for dirtier 

synthetic gas. These limits are set forth in the following table. 
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• ___ on ... on ................................................................... _. __ ...... _______ _ 

S nthetic Gas Limit 
_,_~., ___ .. ________ --+----J-. _______ ... _, .. ''''_ .. , __ ,.-!--________ -----'''-'--'---'_-I 

NOx 0.0331Ib/MMBtu I----_.__-------+------:.--------+----:...----.-.............. --m ... ---
CO 0.0485 lb MMBtu I--_______ ~ __ +--__ ---r. _______ -+-___ :...-_____ ,_, .... _ ................... , 

PM- filterable 0.0085Ib/MMBtu .................. _ .. __ .... _._-............ -+-------=---------+---.1-.. 
PM-condensable O.0217Ib/MMBtu . 

-----~--.~---~----------~-----:...------
502 0.0158Ib/MMBtu 

L-H_2S_0_4 ______ ----'_0_.0_0_35_I~L .. MM.~!? ___ --'-__ ___'__ ____ __'_____I 

Proposed Permit § B, Emissiori Units 01 & 02 pp. 3-4. In other·words, KDAQ expressly 

recognized 'that when the combustion turbines are fired on natural gas, the facility will 

achieve lower emission rates than when it fires synthesis gas. Nevertheless, KDAQ 

failed to establish the BACT limit based on the clean fuet as required by the plain 

meaning of BACT. 42 U.S.C. § 7479(3); 401 KAR 51:001, sec. 1(25). 

The use of a clearY fuel in this plant'does not impermissibly require the redesign 

of a facility. The facility's preference to use dirtier synthetic fuel is not a fundamenta1 
"'-

design that is immune from consideration in a BACT determination. The Seventh' 

Circuit held that an applicant cannot dictate the specific fuel to be used in a BACT 

determination because such an interpretation would eviscerate the statute's clear 

requirement to consider clean fuels other than the fuel proposed by the applicant. 

Discussing a change from high sulfur to low sulfur coal in that case, the Seventh Circuit' 

helel that an applicant cannot escape some changes to its preferred design when 

necessary to allow Congress' intent to establish BACT limits based on clean fuel. 

Some adjustment in the design of the plant would be 
necessary in order to change the fuel source from high-salfur 
to low-sulfur coal, but if it were no more than would be 
necessary whenever a plant switched from a dirtier to a 
cleaner fuel the change would be the adoption of a N control 



technology.'~ Otherwise "clean fuels" would be read out of 
the definition of such technology. 

Sierra Club, 499 F.3d at 656. In fact, both the Environmental Appeals Board and the 

Seventh Circuit in the Prairie State case noted that it is not the burning of an alternative 

fuel, b:ut the structures to receive a different fuel (coal from a distant mine in that case) 
I 

.. that w,ould require a redesign beyond that envisioned by the Act. [d. at 657; see also In 

re Hib~ing Taconite Company, 2 E.A.D. at 842-43 (Adm'r 1989) (explaining that the 

"redefining the source" policy only prevents the permitting agency from requiring the 

applicant to build a different ~ of facility, not a fuel with different characteristics). 

:KDAQ's only reaction to Sierra Club's comment about clean fuel was to state that 

the ICGG will use coal to produce synthesis gas (syngas) as the primary fuel (natural 
, 

gas is a secondary fuel). Response to Comments at p. 24. This response does not· 

address the comment, however, because a BACT determination is not dependant on an 

arbitr~ry assertion of primary vs. secondary fuels. Moreover,·KDAQ's response fails to 

recogrtize that the plant can bum natural gas as the primary fuel and will do so for six 

months to a year. 

,Here, the plant would not require a redesign to burn cleaner natural gas. Indeed, 

the applicant intends to burn natural gas-not only as a backup fuel, but as the primary 

fuel for the first six months to year of operation. Unless the applicant demonstrates that 

the us~ of clean-fuel natural gas is not cost-effective (ther,~ is no technological, energy or 

environmental impacts) the BACT limits must be based on this clean fuel. Citizens for 

Clean AirlJ. EPA, 959 F.2d 839, 845 (9th Cir. 1992) (liThe top-down approach places the 

7 



burden of proof on the applicant to justify why the proposed source is unable to apply 

the best technology available."); see also In re: Spokane Regional Waste-to-Energy Applicant, 

PSD Appeal No. 88-12 (EPA June 9, 1989»; NSR Manual at B.2; see also In re: Inter-Po'wer 

of New York, Inc. 5 E.A.D. 130, 135 (EAB 1994) ("Under the 'top-down' approach, permit 

applicants must apply the most stringent control alternative, unless the applicant can 

demonstrate that the alternative is not technically or economically achievable."); In re 

Pennsauken County, New Jersey Resource RecovenJ FacilihJ, 2 E.A.D. 667 (Adm'r 1988), 

available at 1988 EPA App. LEXIS 27, 28 (Nov. 10, 1988) ("Thus, the 'top-down' 

approach shifts the burden of proof to the applicant to justify why the proposed source 

is unable to apply the best technology available."). 

There is no evidence in the record that burning natural gas is not cost effective. 

Therefore, it cannot be rejected for that reason. "Before a control option may be rejected 

on cost-effectiveness grounds, the [agency] must have a reasonably accurate idea what 

the cost-effectiveness is." In re Masonite Corp., 5 E.A.D. 551,566 (EAB 1994). Moreover, 

the fact that the facility will burn natural gas only for six months or more, and that 

many other facilities burn natural gas in combustion turbines to generate electricity, 

belies any suggestion that doing so is not cost-effective. 

The failure to establish lower BACT limit based on clean natural gas results in 

limits that do not satisfy the requirement for BACT limits. This results in a deficient 

permit and requires an objection by the Administrator. 

8 



II.: THE NSPS STANDARD FOR STATIONARY COMBUSTION 
TURBINES APPLIES. 

The Proposed Permit fails to include applicable requirements for the combustion 

turbines based on 40 C.F.R. pt 60, Subpart KKKK. The Statement of Basis for the draft 

permit indicated that the combustion turbines would fire at least 50% synthetic coal gas. 

Based:on this assumption, KDAQ determined that subpart KKKK would not apply. 

However, a~ became apparent in the applicant's comments on the draft 'permit, the 

applicant intends to run the combustion turbines on natural gas only for the first 6 to 12 
I 

mont~s. See Response to Comments, Appx. A at p. 3. Therefore, it is not correct, as 

KDAQ assumed, that the turbines will bum more than 50% synthe~c gas fuel. Instead, 

the turbines are subject to the NSPS standard in Subpart KKKK. The failure to include 

those applicable NSPS requirements neces~itates an objection by the Administrator. 

lIt THE PERMIT LACKS A PM2.S BACT LIMIT. 

'The KDAQ identified PM2.5 as a pollutant subject to BACT. Revised Statement 

of Basis at 14 ("The following pollutants are subject to BACT: ... PM2.5 ... ") However, 

the Permit does not include a BACT limit for PM2.5 emissions. Kentucky's PSD 

program, which is incorporated into the Kentucky SIP, requires a BACT limit "for each 
I 

regula~ed NSR 'pollutant for which the source has the potential to emit in significant 

amounts." 401 KAR 51:017, sec. 8(2). A "regulated NSR pollutant" includes any 

"pollutant for which a national ambient air quality standard has been promulgated ... " 

and any other "pollutant that otherwise is subject to regulation under 42 U.S.C. 7401 to 

7671q.; ... " 401 KAR 51:001, Section 1(210)(a), (d). As KDAQ admits, PM2.5 is a 
9 



................... _ ... _ ....... _ ........ _--------

"regulated NSR pollutant" because EPA established a "national ambient air quality 

standard" forPM2.5 in 1997. 62 Fed. Reg. 38711; 40 C.F.R. § SO.7. 

that: 

l 
Sierra Club commented on the lack of a PM2.5 BACT limit. KDAQ responded 

While the Division acknowledges that PM2.S is a regulated 
pollutant, at this time EPA has not yet' impl~emented NSR 
regulations for PM2.5 N AAQS. It is well established that 
EP A has proposed the interim use of PM10 as a surrogate for 
PM2.5 until NSR rules have been implemented. EP A has 
represented that: 

"In view of the significant technical difficulties that now 
exist with respect to PM2.5 monitoring, emissions, 
estimation, and modeling, EPA believes that PMO may 
properly be used as a surrogate for PM2.5 in meeting NSR 
requirements' until these difficulties are resolved. When the 
technical difficulties are resolved, EPA will amend the PSD 
regulations under' 40 C.F.R. § Sl.166 and S2.21 to establish a 
PM2.5 significant emission rate and EP A will also 
promulgate other appropriate regulatory measures pertinent 
to PM2.5 and its precursors." 

Memorandum from John Seitz, Office of Air Quality 
Planning and Standards, "Interim Implementation of New 
Source Review Requirements for PM2.5" (October 2, 1997) .. 

This position was recently reaffirmed in specific guidance to 
the states: 

"Using the surrogate PM2.S nonattainment major NSR 
program, States should assume that a major-stationary 
source's PMO emissions represent PM2.5 emissions and 
regulate tese emissions using- either Appendix S or the 
State's SIP-approved nonattainment major NSR program. 

Memorandum from Stephen Page, Office Air Quality and 
Planning and Standards (AprilS, 200S). 

Response to Comments at 23. 



: Because PM2.5 ~s undoubtedly a "regulated NSR pollutant" under 401 KAR 

51:001~ sec. 1(210), KDAQ cannot duck its obligation to establish a BACT limit. PM2.5 

will be emitted from the Cash Creek facility in a II significant" amount because there is 

no dispute that it will be emitted at "any emission rate." 401 KAR 51:001, sec. 1(221)(b)i 

401 KAR 51:017, sec. 8(2). KDAQ, and for that matter U.S. EPA, cannot piggyback one 

! 

regulatory failure on another. The fact that U.S. EPA failed to establish specific 
. "-.-

implementing regulations for PM2.5 for a decade after PM2.5 because a regulated 

pollutant does not further excuse states from implementing the plain language 
I 

requir~ment to set BACT limits for PM2.5. Nothing in the Kentucky SIP conditions the 
I 

requir~ment to establish BACT limits on U.S. EPA first establishing implementation 

protocols and reference test methods. 401 KAR 51:001, sec. 1(210), (221), and 401 KAR 

51:017; sec. 8(2). Instead, the SIP plainly requires a BACT limit. Id. 

'Moreover, as EPA, itself, has.acknowledged, the Page and Seitz memos cited by 

KDAQ are merely guidance and cannot trump the statutory and regulatory 

requir~ments of the Clean Air Act.· 

[The state] cites EPA policy gui~ance as saying that "States 
should use PM10 as a surrogate for PM2.5" until federal 
PM2.5 NSR implementation regulation rules are 
promulgated. While this is a reasonable depiction of current 
EPA policy guidance, please note that EPA has also said (in 
its April 5, 2005, p~licy guidance memo) that "statements in 
this policy guidance do not bind State and local 
governments and the public as a matter of law." 

U.S. EPA Region 4, Air Permits Section, Comments on Draft PSD Permit for Duke 

Energy Carolinas LLC, Cliffside Steam Station, Unit 6 Project at p. 6 (Oct. 31, 2007); see 

11 



.......... _._--_ ..... _........".------

also Memorandum from Stephen Page, Implemehtation of New Source Review 

Requirements in PM-2.5 NonattainmeritAreas, p. 4 ("The statements of [the 1997 Seitz 

memo] do not bind State and local governments and the public as a matter of law."). ' 

Furthermore, the bases for the Seitz and Page memos no longer exist. The U.S. 

EPA issued a draft PM2.5 implementation rule on November 1, 2005, in which it stated: 

"To date, some permitted entities have been using PMI0 emissions as a surrogate for 

PM2.5 emissions. Upon promulgation of this rule, EPA will no longer accept the use of 

PMI0 as a surrogate for PM2.5." 70 Fed.Reg. 66,057 (November 1, 2005). The preamble 

to the draft rule also reconfirmed that the difficulties in testing, emission estimating and 

modeling, which were the basis of the original surrogate proposal in the Seitz Memo, no 

longer existed. [d. The final implementation rule, published April 25, 2007, stated as to 

Title V regulations: "To date, some permitted entities have been using PMIO emissions 

as a surrogate for PM2.5 emissions. Upon promulgation of this rule, EPA will no longer 

accept the use of PMIOas a surrogate for PM2.5." 72 Fed. Reg. 20,659 (April 25, 2007). 

If there were any doubt that PM2.5 must be regulated as a separate pollutant from 

PMIO, EPA stated: "In summary, the purpose of the statements made in the preamble to 

the proposal was to notify sources that as of the promulgation of this final rule, the EPA 

will no longer accept the use of PMI0 emissions information as a surrogate for PM2.5 

e1!lissions information [] given that both pollutants are regulated by a National Ambient 

Air Quality Standard and therefore are considered regulated air pollutants." Id. at 

20,660. 

12 



• Thus, the final implementation rule clarifies that ~M2.5 data must be used for 

NSR permitting: "Circumstances necessitating the quantification of PM2.S emissions 

and t~e submittal of this information include: (1) Determining all of the pollutants for 

I 

whic~ a source is major; (2) determining whether an applicable requirement or program 

; 

applies, e.g., determining the applicability of a SIP requirement or a PSD or 

nonattainment NSR program, etc; or (3) determining what fees a source owes a 

permitting authority as a result of considering PM2.5 emissions." 72 Fed. Reg. at 20,659. 

Therejs simply no remaining doubt that PM2.5 must be addressed as PM2.5 and not as 

PMI0!for PSD permitting. 

I Furthermore, the premise for U.S. EPA establishing NAAQS for PM2.5 was that 

the PM10 standards were not sufficient. in establishing the PM2.S standard, EPA 
I 

recognized that liThe characteristics, sources and potential health effects of larger or 

I coars~' fraction particles (from 2.5 to 10 microns in diameter) and smaller for J fine' 

partic~es (smaller than 2.5 microns in diameter) are very different." National Ambient 

Air Quality Standard's for Fine Particles: Guidance for Designating Areas: Fact Sheet, 

U.S. ·EPA (July 17, 1997) available at 

http://www.epa.gov/ttn/oarpg/tl/fact sheets I pmfac t. pdf; see also Proposed Rule to 

IIl~plement the Fine Particle National Ambient Air Quality Standards, 71 Fed. Reg. 

65,984~ 65,992 (November I, 2005) (stating that PMI0 and PM2.5 "are generally 
,1 

associated with distinctly different source types and formation processes"); 72 Fed. Reg. 

20,586} 20599 (Apri125, 2007) (noting that PM2.5 and PMI0' are different "in terms of 

13 
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atmosp~eric dispersion characteristics, chemical composition, and contribution from 

regional transport"); id. at 589 (stating that " [i]n contrast to PM[10], EPA anticipates that 

achieving the NAAQS for PM[2.5] will generally require State~ to evaluate different 

sources for controls, to consider controls of one or more precursors [to PM2.5] in 

addition to direct PM emissions, and to adopt different control strategies."). In light of 

that finding, reverting to compliance with PM10 standards as a surrogate for PM2.5 

standards is inadequate. The Administrator must object to the Permit and KDAQ must 

include a BACT limit for PM2.5. 

IV. THE PERMIT LACKS A BACT LIMIT FOR C02. 

The Clean Air Act prohibits the construction of a new major stationary source of 

air pollutants except in accordance with a prevention of significant deterioration (PSD) 

construction permit. 42 U.S.C. § 7475(a); 40 C.F.R. §52.21(a)(2)(iii); 401 KAR 51:107. As 

noted above for PM2.5, a significant increase in emissions of any pollutant subject to 

regulation under the Oean .Air Act is subject to the PSD program. Because Carbon 

Dioxide (C02) has been regulated under the Clean Air Act since 1993, and will be 

emitted in a "significant" amountl from the Cash Creek plant, the Title V permit for the 

facility must include a C02 BACT limit. 

Section 821(a) of the Act provides: 

Monitoring. - The Administrator of the Environmental 
Protection Agency shall promulgate 'regulations within 18 
months after the enactment of the Clean Air Act Amendments 

1401 KAR 51:001, Section 1(222). (significant for any "regulated NSR pollutant that is not listed in [401 
KAR Sl:001(222)(a)] any emissions rate" (emphasis added». There is no dispute that there will be an 
increase in C02 of 1/ any" amount. 

14 



of 1990 to require that all affected sources subject to the 
Title V of the Clean Air Act shall also monitor carbon 
dioxide emissions according to the same timetable as. in 
Sections 511(b) and (c). The regulations shall require that 
such data shall be reported to the Administrator. The 
provisions of Section 511(e) of Title V of the Clean Air Act 
shall apply for purposes of this section in' the same manner 
and to the same extent as such provision applies to the 
monitoring and data referred to in Section 511. . 

42U.S.C. 7651k note; Pub.L. 101-549; 104 Stat. 2699 (emphasis added). In other words, 

Con~ess specifically ordered EPA" to promulgate regulations" requiring that facilities 

covered by Title IV of the Act monitor and report their CO2 emissions in § 821. EPA's 

§821 regulations, promulgated under the authority in the Clean Air Act, and therefore 

constitution-regulations "under the Act," were finalized on January 11, 1993 and require 

C02 emissions monitoring. 40 CFR §§75.1(b), 75.10(a)(3), 75.33, 75.57, 75.60 - 75.64. 
I 

These requirements, including the requirement to monitor C02, are also included in 

various state implementation plans, including Wisconsin's. See Wis. Admin. Code §§ 

NR 438.03(1)(a) (requiring reporting of pollutants listed in Table I, including C02), 

adopt~d under the Act at 40 C.F.R. § 52.2570(c)(70){i); NR 439.095(1)(f) (Phase I and 

phase II acid rain units ... shall be monitored for ... carbon dioxide ... "), adopted under 

the Act at 40 C.F.R. § 52.2570(c)(73)(i)(I). Compliance is mandated by 40 CFR §75.5, 

which prohibits operation in violation of the C02 monitoring and reporting 

requirements and provides that a viola~on of any Part 75 requirement is a violation of 

the Act. 
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While these regulations require Il).onitoring and reporting, rather than 

establishing a cap on C02 emissions, that distinction is irrelevant. . The plain language 

meaning of "regulation" includes monitoring and reporting. The most basic canon of 

statutory interpretation is that words should be given their plain meaning, and 

Webster's defines "regulation" as "an authoritative rule dealing with details or 

procedure; (b) a rule or order issued by an executive authority or regulatory agency of a 

government and having the force of law." Section 821, as well as the implementing 

regulations in Part 75 and various SIPs, are enforceable C02 rules, constituting 

"regulation under the Act." Indeed, the Supreme Court has long held that information 

gathering, record keeping, and data publication rules are indisputably within the 

conventional understanding of "regulation." Buckley v. Valeo, 424 U.S. 1,66-67 (1976) 

(record keeping and reporting requirements are regulation of political speech). 

Moreover, as the Court in Alabama Power Co. v. Costle, 636 F.2d 323, 403 (D.C. Cir. 1979), 

held, PSD applies to pollutants in addition to those for which air quality standards or 

other limits have been promulgated: 

The. only administrative task apparently reserved to the 
Agency ... is to ,identify those ... pollutants subject to 
regulation under the Act which are thereby 
comprehended by the statute. The language of the Act 
does not limit the applicability of PSD only to one or 
several of the pollutants regulated under the Act, 

... the plain language of section 165 ... in a litany of 
repetition, provides without qualification that each of its 
major substantive provisions shall be effective after 7 
August 1977 with regard to each pollutant subject to 
regulation under the Act, or with regard to any 
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"appHcable emission standard or standard of per{ormance 
under" the Act. As if to make the point even more clear, 
the definition of BACT itself in section 169 applies to each 
such pollutant. The statutory language leaves no room for 
limiting the phrase" each pollutant subject to regulation." 

On April 2, 2007, the Supreme Court reconfirmed that that carbon dioxide and other 

greenhouse gases are "pollutants" under the Clean Ai~ Act-clarifying that they are, 

indeeq, "subject to regulation." Massachusetts v. EPA, 127 S.Ct. 1438, 1460 (2007). 

iKDAQ rejected Sierra Club's comments on the lack of a C02 BACT limit by 

merely stating: 
I 

The definition of Best Available Control Technology found 
at 401 KAR 51:001, Section (25) is clear that BACT is required 
for "each regulated NSR pollutant that will be emitted from 
a proposed major stationary source or major modification ... " 
Major stationary source. and major modification \ are also 
clearly defined according to emissions of regulated NSR 
pollutants for which a NAAQS has been promulgated, 
pollutants subject to NSPS under Section 111 of the CAA~ 
Class I arid II substances subject to a standard under Section 
602 of the CAA, and pollutants otherwise subject to 
regulations under the CAA. 401 KAR Section 51 :001 Section 
1(210). 

No NAAQS or NSPS has been established for carbon dioxide 
(C02), C02 is not a Class I or II substance nor is it otherwise 
regulated under any provision of the CAA at this time. 
Therefore, no BACT analysis is required for C02 in this 
permit application and approval. Kentucky is required by 
stahtte to implement a PSD program that is no more 
stringent than federal requirements. KRS 224.10-100(26). 
Where there are no federal regulations: establishing 
requirements for C02 at stationary sources, Kentucky is 
prohibited ftom imposing any such requirements. 
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Response to Comments at 42. 

KDAQ is incorrect that BACT only applies to pollutants subject to a NAAQS or 

NSPS standard or that is a Class I or Class II substance under Clean Air Act section '602. 

Both the Act and the Kentucky SIP require BACT .II for each pollutant subject to 

regulation under" the Clean Air Act- or "Regulated NSR Pollutant." 42 U.S.C. § 

7475(a)(4); 401 KAR 51:017,§ 8. The Kentucky SIP (and 40 C.F.R. 'pts. 51 and 52) define 

a "Regulated NSR Pollutant" as one of four categories: 

1) a pollutant for which a NAAQS has been promulgated; 

2}' a pollutant subject to an NSPS standard; 

3) a class I or class II substance (42 U.S.C. §§ 7671-7671q); or 

4) "A pollutant that is otherwise subject to regulation.under 42 U.S.C. 7401 to 767q, 
except that any hazardous air pollutant (HAP) listed in 42 U.S.C. 742(b)(2) ... " 

401 KAR 51:001, Section 1(211). KDAQ's i~terpretation would limit "Regulated NSR 

Pollutant" to the first three categories, rendering the fourth category ·mere surplusage, 

contrary to the applicable cannons of interpretation that prohibit such interpretation. 

Babbitt v. Sweet Home Chapter of Cmtys. for a Great Or., 515 U.S. 687, 698 (1995) (applying 

the cannon of interpretation disfavoring an interpretation that renders statutc?ry 

language surplusage). Put another way, for the fourth subcategory to have any 

meaning, it must include pollutants other than those' for which a NAAQS has been 

established, those controlled by an NSPS standard, or those Class I and Class II ozone 

depleting substances covered by the first, second and third subcategories in the 



definition of II Regulated _NSR Pollutant." Moreover, if only those pollutants that are 

subjec;t to a NAAQS, NSPS or ozone depleting substance provision were regulated 

pollut~nts for purposes of a BACT limit, there would have been no purpose to expressly 

exclude pollutants regulated under CAA § 112, as the fourth category of Regulated NSR 

Pollutants does. 

:In short, there plain language of the Clean Air Act does not support KDAQ's 

attempt to artificially limit BACT to pollutants subject to NAAQS, NSPS or CAA § 602. 
: \ 

C02 is clearly a pollutant subject to regulation under the Act and, therefore, subject to a 

BACT1imit. The permit lacks the mandatory C02 BACT limit and the Administrator 
,/ 

must, therefore, object. 

V. ~ KDAQ UNLAWFULLY TRUNCATED ITS ANALYSIS OF 
ALTERNATIVES AND THE PUBLIC INPUT TO ALTERNATIVES 
UNDER THE CLEAN AIR ACT BASED ON AN INAPPLICABLE STATE 
STATUTE. 

Sierra Club commented to KDAQ that Clean Air Act section 165(a)(2) provides 

the pu~lic an opportunity to comment on the proposed source, including II alternatives 

thereto" and 1/ other appropriate considerations." 42 U.S.C. § 7475(a)(2). Sierra Club 

further.commented that C02 must be considered as part of this process and noted a 

numb~r of methods to reduce the C02 impact from the Cash Creek plant. 

,KDAQ ignored these comments, despite the fact that they are expressly provided 
I 

for in section 165(a)(2), based on KDAQ's apparent belief: (1) that the comments were 

based on the Kyoto Protocol; and (2) that state law can trump the Clean Air Act. See 

Response to Comments "at 33 (liThe Division is expressly prohibited from promulgating 
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administrative regulations or imposing permit conditions on the emission of carbon 
-" 

dioxide or other green house gases pursuant to the Kyoto Protocol for the purpose of 

reducing global warming until authorized by the General Assembly or by federal 

statute. KRS 224.20-125.") KDAQ fails to understand that Sierra Club's comments 

specifically referenced, and are provided for, under CAA section 165. The comments 

were not referencing the "Kyoto Protocol." Moreover, even if the comments somehow 

implicated the Kyoto Protocol, the fact that CAA § 165 requires KDAQ to consider 

global warming aspects of permitting a new plant when raised by the public means that 

KRS 224.20-125 is not implicated. See KRS 224.20-125 (providing that the statute does 

not control when consideration of C02 is provided for by federal statute). 

KDAQ's refusal to consider Sierra Club's comments pursuant to CAA § 165(a)(2) 

is unlawful. Section 165 is an "applicable requirement" for a new major source 

construction under the Act, as is the paralle~ requirement in the Kentucky SIP. 401 KAR 

51:017, Section 15; 40 C.F.R. § 51.166(q)(2)(v). KDAQ's failure to comply requires an 

objection by the Administrator. 42 U.S.C. § 7661d(b). 

VI. KDAQ ERRONEOUSLY FAILED TO CONSIDER LOWER SAM BACT 
LIMITS BASED ON THE FALSE BELIEF THAT THE ELM ROAD PERMIT 
LIMITS WERE FOR A CFB BOILER. 

The Proposed Permit contains a BACT limit for sulfuric acid mist (SAM) of 

O.00351b/MMBtu. Proposed Permit p. 4 ~ h. Sierra Club commented that the KDAQ 

must consider previously permitted BACT limits in a top-down BACT process and that 
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the Elm Road IGCC unit has a permitted SAM BACT limit.of 0.0005Ib/MMBtu. See 

Response to Comments at p. 55. This represents a limit 85 % lower than the limit in the 

Propo~ed Permit. However, KDAQ utterly refused to consider the lower Elm Road 

BACT! limit based on KDAQ's false belief that lithe EI~ Road facility is a CFB, not a 

gasifier, and is not an appropriate 'like facility' for consideration of appropriate 

emissions from Cash Creek." Id. KDAQ is wrong. The Elm Road facility is not a CFB. 

It was: permitted for two supercritical pulverized coal boilers and one IGCC unit. The 

, , 

SAM BACT limit referenced in Sierra Club's comments is for the IGCC unit. See 

Wisconsin Air Pollution Control Construction Permit 03-RV-166 § 1.11.11.1. (liThe [SAM] 

emissions may not exceed 0.0005 pound per million Btu, (BACT).") (Attached as Exhibit 

E). A 0.00051b/MMBtu limit, based on the permitted limit for the Elm Road IGCC unit, 

is pre~umed to be BACT for the Cash Creek units because the applicant has not 

demonstrated that it is not technologically feasible, not cost effective, or that it would 

cause ~nique adverse energy or environmental collateral impacts. NSR Manual at B.24; 

Newmont Nevada Energy Investments, LLC, TS Power Plant, PSD A~peal No. 05-04, Slip" 

Opinion at 16 (EAB Dec. 21, 2005). In short, neither the applicant nor KDAQ offers 

evideIice refuting that the Cash Creek units can achieve this lower BACT limit for SAM. 

Therefpre, the Administrator must object to the Permit as containing an erroneous SAM 

BACT limit. 
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VII. KDAQ FAILED TO RESPOND TO COMMENTS REGARDING THE 
CORRECT EMISSION RATE TO USE FOR MODELING MATERIAL 
HANDLING AND STORAGE PROCESS EMISSIONS. I 

Sierra Club's comments to the KDAQ'stated that: "If the modeling did not use the 

maximum theoretical emission rate for each source, the agency must reject the modeling 

demonstration and require the applicant to resubmit proper modeling; See NSR Manual 

at C.45-46.'~ Letter from Meleah Geertsma to James Morse, KDAQ, at p. 13 (June 29, 

2007) (Exhibit B). Sierra Club's comments pointed out that modeling conducted to 

determine compliance with air standards and increment limits in support of a permit 

must 'be done at maximum allowable emission rates. NSR Manual at C.42-C.46. Unless 

there is an enforceable short-term limit on emissions, modeling for short-term standards 

(like 24 hour PM) must be done assuming maximum theoretical throughput for coal 

handling and maximum emissions for coal pile wind'erosion. See NSR Manual C.45 

(" For both NAAQS and PSD increment compliance demonstrations, the emission rate 

for the proposed new source or modification must reflect the maximum allowable 

operating conditions as expressed by the federally enforceable emissions limit, operating 

level and operatingfactor for each applicable pollutant and averaging.time." (emphasis 

Original)). This was not done for the Cash Creek permit. Rather, the annual presumed 

throughput and annual average coal pile erosion emissions were used for determining 

compliance with 24-hour PM standards. See e.g., Permit Application at p. 5-23 (mean 

annual wind speed of 7 mph used, rather than maximum 24-hour mean wind speed). 

This is a material error in the permit requiring an objection. Moreover, KD AQ' s failure 
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to respond to Sierra Club's comment on this point is also an error that requires an 

objection by the Administrator. See e.g., In re Midwest Generation, LLC, Waukegan 

Genera,ting Station, Order Responding to Petition to Object at p. 4 (Adm'r September 22, 
,. 

2005) (objecting to proposed permit and holding that where a petitioner raises an issue 

in the public comment period, the permitting agency is required to respond) (citing 

Home Box Office v. FCC, 567 F.2d 9,35 (D.C. Cir. 1977). 

Dated this 31 st day of January, 2008. 

Attorneys for Sierra Club 
~c EIL&McGILLlVRAY,$:C. 

DaVIa C. Bender 

SIERRA CLUB 

Bruce E. Nilles 
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BEFORE THE ADMINISTRATOR 

UNITED ST ATES ENVIRONMENTAL PROTECTION AGENCY 

In the Matter of the Proposed Operating 

Permit for the Cash Creek Generation Station 

in Henderson County, Kentucky. 

Proposed by the Kentucky Environmental 

Protection Cabinet Department for 

Environmental Protection Division for Air 

Quality on November 30, 2007. 

Source 1.0. No. 21-101-00134 

Permit No. V-07-017 

CERTIFICATE OF SERVICE 

STATEOFWISCONSIN ) 
) ss 

COUNTY OF DANE ) 

I make this statement under oath and based on personal knowledge. On this day 

I caused to be served upon the following persons a copy of Sierra Club's Petition to the 

United States Environmental Protection Agency In the Matter of the Proposed 

Operating Permit for the Cash Creek Generation, LLC, Cash Creek Generating Station 

in Henderson, Kentucky, via Certified Mail, Return Receipt Requested: 

Stephen L. Johnson 
US EPA Administrator 
Ariel Rios Building 
1200 Pennsylvania Avenue, N.W. 
Washington, DC 20460 
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Environment and Public Protection Cabinet 
Department for Environmental Protection 
Division of Air Quality 
803 Shenkel Lane 
Frankfurt, KY 40601 \ 

Cash Creek Generation LLC 
Cash Creek Generation Station 
4350 Brownsboro Road, Suite 110 
Louisville; KY 40207 

Dated: January 31,2008 

Signed; and sworn to before me 
This 31lst .. uaty, 20 OR 

I .~ 

Notary: Public, State of Wisconsin 
My commission is permanent. 

Laura Boyd . 



Revised 10/ J 9/05 

- Commonwealth of Kentucky 
Environmental and Public Protection Cabinet 

Department for Environmental Protection 
Division for Air Quality 

803 Schenkel Lane 
Frankfort, Kentucky 40601 

(502) 573-3382 

AIR QUALITY PERMIT 
Issued under 401 KAR 52:020 

Permittee Name: 
Mailing Address: 

Source Name: 
Mailing Address: 

Source Location: 

Permit Number: 
Source A. I. #: 
Activity #: 
Review Type: 
Source ID #: 
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Regional Office: 

County: 

Application 
Complete Date: 
Issuance Date: 
Revision Date: 
Expiration Date: 

Cash Creek Generation, L.L.C. 
4350 Brownsboro Road, Suite 110, Louisville, Ky 
40207 . 

Cash Creek Generation Station 
4350 Brownsboro Road, Suite 110, Louisville, Ky 
40207 

Kentucky State Highway 1078 in Henderson 
County 

V-07-017 
40285 
APE20060001 
Title V IPSD NSR, NSPS 
21-101-00134 
56107 

Owensboro 
3032 Alvey Park Drive W., Suite 700 
Owensboro, KY 42303-2191 . 
(270) 687-7304 
Henderson 

March 29, 2007 
January 17,2008 

January 17,2013 

John S. Lyons, Director 
Division for Air Quality 

EXHIBIT A 



( - TABLE OF CONTENTS 

SECTION , 

A.' PERMIT AUTHORIZATION 
I 

B. ,EMISSION POINTS, EMISSIONS UNITS, APPLICABLE 
: REGULATIONS, AND OPERATING CONDITIONS 

C. !,INSIGNIFICANT ACTIVITIES 
I 

D. ,SOURCE EMISSION LIMITATIONS AND TESTING 
: REQUIREMENTS 
! 

E. iSOVR,CE CONTROL EQUIPMENT REQUIREMENTS 
, 

F. : MONITORING, RECORDKEEPING, AND REPORTING 
; REQUIREMENTS 
I 

G. i GENERAL PROVISIONS 

H .• ALTERNATE OPERATING SCENARIOS 

I. COMPLIANCE SCHEDULE 

J. 'ACID RAIN 

K. :NOx BUDGET 
I 

ISSUANCE PAGE 

Initial 

Initial 2 

Initial 36, 

Initial 37 

Initial 38 

Initial 39 

Initial 42 

Initial 49 

Initial 49 

Initial 

Initial 53 



Pennit Number: V -07 -017 Page ~ of 53 

SECTION B - EMISSION POINTS, EMISSIONS UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS (CONTINUED) 

p) Pursuant to 40 CFR 60.13(h), for the continuous monitoring systems the owner( s) or 
operator(s) shall reduce all data to one-hour averages. The one-hour averages shall be 
computed from four or more data points equally spaced over each one-hour period. Data 
recorded during periods of continuous monitoring system breakdowns, repairs, 
calibration checks, and zero and span adjustments shall not be included in the data 
averages computed. An arithmetic or integrated average of all data may be used. The 
data may be recorded in reduced or nonreduced form (e.g., ppm' pollutant and percent 
oxygen). All excess emissions shall be converted into units of the applicable standard 
using the applicable conversion procedures specified. After conversion into units of the 
standard, the data may be rounded to the same number of significant digits as used to 
specify the applicable emission standard. 

q) Pursuant to 401 KAR 52:020, Section 26, the permittee shall monitor the hours of 
operation and fuel consumption of each emission unit on a daily basis. 

r) Pursuant to 401 KAR 52:020, Section 26, for the particulate and PMIO monitoring the 
permittee shall develop emission factors during the performance test. The permittee shall 
record the synthesis gas heating value and the consumption of each fuel burned. On a 
daily basis, the permittee shall calculate the emISSIon rate for 
particulate/particulate/matteLlo using the fuel consumption, heating value of fuel, and 
emission factor developed during the most recent performance test. 

s) The permittee shall use Nitrogen Oxides (NOx) Continuous Emissions Monitors (CEMs) 
as continuous compliance determination methods consistent with 40 CFR 64.4( d) (CAM) 
for those specific parameters, and to demonstrate compliance with Best Available Control 
Technology (BACT) limits contained in this pennit, as applicable. 

5. Specific Record Keeping Requirements: 

a) Pursuant to 401 KAR 59:005, Section 3(4), the permittee of the source shall maintain a 
file of all measurements, including continuous monitoring system, monitoring device, 
and performance testing measurements; all continuous monitoring system performance 
evaluations; all continuous monitoring system or monitoring' device calibration checks; 
adjustments and maintenance performed on these systems and devices; and all other 
information required by 401 KAR 59:005 recorded in a permanent fonn suitable for 
inspection. 

b) Pursuant to 401 KAR 59:005, Section 3(2), the permittee of this unit shall maintain the 
records of the occurrence and duration of any startup, shutdown, or malfunction in the 
operation of the affected facility, any malfunction of the air pollution control equipment; 
or any period during which a continuous monitoring system or monitoring device is 
inoperative. The record shall also include the type and quantity of fuel fired and the 
estimated emissions during each episode. 

c) Records, including those documenting the results of each compliance test and all other 
records and reports required by this permit, shall be maintained for five (5) years 
pursuant to 401 KAR 52:020. 
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SECTION B - EMISSION POINTS, EMISSIONS UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS (CONTINUED) 

j) Pursuant to 40 CFR 60.49Da (I) and (m), the permittee of an affected facility 
demonstrating compliance with an output-based standard under 40 CFR 60.42Da, 40 
CFR 60.430a, 40 CFR 60.440a, or 40 CFR 60.450a shall install, certify, operate, and 
maintain a continuous flow monitoring system meeting the requirements of Performance 
Specification 6 of appendix B and procedure I of appendix F of this subpart, and record 
the output of the system, for measuring the flow of exhaust gases discharged to the 
atmosphere; or alternatively" data from a continuous flow monitoring system certified 
according to the requirements of 40 CFR 75.20, meeting the applicable quality control 
and quality assurance requirements of 40 CFR 75.21, and validated according to 40 CFR 
75.23, may be used. 

k) Pursuant to 40 CFR 60.490a (p) the permittee of an affected facility demonstrating 
compliance with an Mercury limit in 40 CFR 60.45Da shall install and operate a 
continuous emission monitoring system (CEMS) to measure and record the concentration 
of Mercury in the exhaust gases from each stack according to the requirements in 40 CFR 
60.45Da, paragraphs (p)(I) through (p)(3) of 40 CFR 60 Subpart Oa. Alternatively, for 
an affected facility that is also subject to the requirements of subpart I of part 75 of this 
chapter, the permittee may install, certify, maintain, operate and quality-assure the data 
from a Mercury CEMS according to 40 CFR 75.10. of this chapter and appendices A and 
B to 40 CFR part 75 , in lieu of following the procedures in 40 CFR 40 CFR 60.450a, 
paragraphs (p)(l) through (p)(3)of 40 CFR 60 Subpart Oa, and mercury CEMS data 
collection must confonn to paragraphs (p)(4)(i) through (iv) of 40 CFR 60 Subpart Oa. 

1) Pursuant to 40 CFR 60.490a (s) the pennittee shall prepare and submit to' the 
Administrator for approval a unit-specific monitoring plan for each monitoring system, at 
least 45 days before commencing certification testing of the monitoring systems. The 
pennittee shall comply with the requirements in the. plan. The plan must address the 
requirements in paragraphs (s)(1) through (6) of that section. 

m) Pursuant to 40 CFR 60.13(d)(I), the owner(s) and operator(s) of all continuous 
monitoring systems shall' perform appropriate calibration checks and zero and span 
adjustments in accordance with a written procedure at least once daily, in accordance 
with requirements specified in 40 CFR 60.13(d)( 1). 

n) Pursuant to 40 CFR 60.l3(e), except for system breakdowns, repairs, calibration 
checks, and zero and span adjustments required under 40 CFR 60.13( d), all continuous 
monitoring systems shall be in continuous operation and shall meet minimum frequency 
of operation requirements which involves one cycle of operation (sampling, analyzing, 
and data recording) for each successive fifteen (15) minute period. 

0) Pursuant to 40 CFR 60.l3(t), all continuous monitoring systems or monitoring devices 
shall be installed such that representative measurements of emissiohs or process 
parameters from the emissions unit are obtained. Additional procedures for location of 
continuous monitoring systems contained in the applicable Perfonnance Specifications of 
40 CFR 60 Appendix B shall be used. I 
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SECTION 'B - EMISSION POINTS, EMISSIONS UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS (CONTINUED) 

c) Pursuant to 40 CFR 60.490a (c) 1, the permittee shall install, calibrate, maintain, and 
operate a nitrogen oxides continuous emissions monitor (CEM) system Of, if the 
permittee has installed a nitrogen oxides emission rate continuous emission monitoring 
system (CEMS) to meet the requirements of 40 CFR Part 75 and is continuing to meet the 

, ongoing requirements of 40 CFR Part 75, that CEMS shall be used to meet the 
requirements of this permit, except that the permittee shall also meet the requirements of 
40 CFR 60.51 Oa. Oata reported to meet the requirements of 40 CFR 60.51 Oa shall not 
include data substituted using the missing data procedures in subpart D of 40 CFR Part 
75, nor shall the data have been bias adjusted according to the procedures of 40 CFR Part 
75. 

d) Pursuant to 40 CFR 60.490a (d) the permittee of an affected facility shall install, 
calibrate, maintain, and operate a continuous monitoring system, and record the output of 
the system, for measuring the oxygen or carbon dioxide content of the flue gases at each 
location where sulfur dioxide or nitrogen oxides emissions are monitored. 

e) Pursuant to 40 CFR 60.490a (e) the continuous monitoring systems under paragraphs 
(b), ,(c), and (d) of 40 CFR 60 Subp~rt Oa are operated and data recorded during all 
periods of operation of the affected facility including periods of startup, shutdown, 
malfunction or emergency conditions, except for continuous monitoring system 
breakdowns, repairs, calibration checks, and zero and span adjustments . 

. f) Pursuant to 40 CFR 60.490a (f) (2) the permittee shall obtain emission data for at least 
90 percent of all operating hours for each 30 successive boiler operating days. If this 
minimum data requirement cannot be met with a continuous monitoring system, the 
permittee shall supplement emission data with other monitoring systems approved by the 
Administrator or the reference methods and procedures as described in 40 CFR 60.490a 
paragraph (h) of 40 CFR 60 Subpart Oa. 

g) Pursuant to 40 CFR 60.490a (h), when it becomes necessary to supplement continuous 
monitoring system data to meet the minimum data requirements in 40 CFR 60.490a 
paragraph (f) of 40 CFR 60 Subpart Oa, the permittee shall use the reference methods and 
-procedures as specified in 40 CFR 60.490a paragraph (h). Acceptable alternative 
methods and procedures are given in 40 CFR 60.490a paragraph U) of 40 CFR 60 
Subpart Oa. 

h) Pursuant to 40 CFR 60.490a '(i), the permittee shall use methods and procedures in 
this paragraph to conduct monitoring system performance evaluations under 40 CFR 
60.13(c) and calibration checks under 40 CFR 60.13(d). Acceptable alternative methods 

_ and procedures are given in paragraph 40 CFR 60.490a (j) of 40 CFR 60 Subpart Oa. 

i) Pursuant to 40 CFR 60.490a 0), the pellhittee may use the following alternatives of 40 
CFR 60.490a (j) (1),(2),(3) & (4) as alternatives to the reference methods and procedures 
specified in 40 CFR 60 Subpart Oa. 
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S~CTION B - EMISSION POINTS, EMISSIONS UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS (CONTINUED) 

3.: Testing Requirements: 

a) Pursuant to 401 KAR 59:005, Section 2 the permittee shall demonstrate compliance for 
each turbine while firing natural gas with the applicable emission standards within sixty 
(60) days after achieving the rated capacity at which each turbine will be operated~ but 
not later than 180 days after initial startup of each turbine, in accordance with the 
requirements in 401 KAR 50:045 

b) Pursuant to 401 KAR 59:005, Section 2 the permittee shall demonstrate compliance 
for each turbine while firing synthesis gas with the applicable emission standards within 
sixty (60) days after achieving the rated capacity of each gasifier, but not later than 180 
days after initial startup of gasifiers, in accordance with the requirements in 401 KAR 
50:045 

c) The pennittee shall detennine the opacity of emissions from the stack by U.S. EPA 
Reference Method 9 weekly, or more frequently if requested by the Division. 

d) If no additional stack tests are perfonned pr.ior to the third year after demonstrating 
compliance, the permittee shall conduct perfonnance tests for particulate emissions and 
H2S04 with the allowable standards while firing synthesis gas. See Section D for further 
requirements. 

. ) 

4. Specific Monitoring Requirements: 

a) Pursuant to 401 KAR 60:005, Section 3(1)(c) incorporating by reference 40 CFR 60 
Da; 401 KAR 52:020, Section 26; and 401 KAR 59:005, Section 4, the permittee shall 
install, calibrate, maintain, and operate continuous emission monito'ring systems for 
measuring the sulfur dioxide emissions, nitrogen oxides emissions, mercury, and either 
oxygen or carbon dioxide emissions. Additionally, a CEM system shall be installed, 
calibrated, maintained, and operated for measuring oxygen or carbon dioxide levels of the 
flue gases at each location where sulfur dioxide or nitrogen emissions are monitored. 
The permittee shall ensure the continuous emission monitoring systems are in compliance 
with the requirements of 401 KAR 59:005, Section 4. 

b) Pursuant to 40 CFR 60.49Da (b), and 40 CFR 75, to meet the monitoring requirement 
for sulfur dioxide the pennittee shall use a continuous emission monitor (CEM). The 
sulfur dioxide CEM system shall be used as the indicator of continuous compliance with 
the sulfur dioxide emission limits. Excluding startup and shutdown periods, if any 3-hour 
rolling average exceeds the sulfur dioxide emission limitation, the pennittee shall initiate 
an investigation of the cause of theexceedance and complete necessary control 
device/process/CEM repairs or other corrective actions as soon as practicable. 
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SECTION B - EMISSION POINTS, EMISSIONS UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS (CONTINUED) 

f) Pursuant to 40 CFR 60 Subpart Da, and 401 KAR 51 :017, filterable particulatelPMIO 
emissions shall not exceed 0.0085 IblMMBtu during any rolling three-hour average 
period when firing synthesis gas. Total particulatelPMIO emissions sh~ll not exceed 
0.0217 IbIMMBtu during any rolling three-hour average period when firing synthesis gas. 
The IblMMBtu level of particulate emissions shall be demonstrated by stack test, then 
calculated based on the emission factor derived during the test, fuel consumption data, 
fuel heat inputt and fuel heat content [see specific monitoring requirements]. 

g) Pursuant to 40 CFR 60 Subpart Da, and 401 KAR 51 :017, Total particulate/PMIO 
emissions shall not exceed 0.0161 IblMMBtu during any rolling three-hour average 
period when firing natural gas. filterable particulate/PMIO emissions shall not exceed 
0.0063 IblMMBtu during any rolling three-hour average period when firing natural gas 
The IblMMBtu level of particulate emissions shall be demonstrated by stack test, then 
calculated based on the emission factor derived during the test, fuel consumption data, 
fuel heat input, and fuel heat content [see specific monitoring requirements]. 

h) Pursuant to 401 KAR 51 :017, sulfuric acid mist (H2S04) emissions shall not exceed 
0.0035 IblMMBtu during any rolling three-hour average period when firing synthesis gas. 
The IblMMBtu level of sulfuric acid mist emissions shall be demonstrated by stack test, 
then calculated. based on the emission factor derived during the test, fuel consumption 
data, fuel heat input, and fuel heat content. 

i) Pursuant to 401 KAR 51:017, sulfuric acid mist (H2S04) emissions shall not exceed 
0.0001 Ib/MMBtu when firing natural gas. The IblMMBtu level of sulfuric acid mist 
emissions shall be assured by firing pipeline quality natural gas. 

j) Pursuant to 40 CFR '60.45Da (b), mercury emissions shall not exceed 20 xl 0-6 Ib/MWh 
or 0.020 Ib/GWh on an output basis. This Mercury emission limit is based on a 12-month 
rolling total using the procedures in 40 CFR,60.50Da (g). 

k) Pursuant to 40 CFR 60.48Da, the particulate matter emission standards under 40 CFR 
60.42Da, the nitrogen oxides emission standards under 40 CFR 60.440a, and the 
Mercury emission standards under 40 CFR 60.45Da, apply at all times except during 
periods of startup, shutdown, or malfunction. Pursuant to 40 CFR 60.48Da, the S02 
emission standards under 40 CFR 60.43Da, apply at all times except during periods of 
startup, shutdown, or emergency. 

I) Pursuant to 401 KAR 52:020, duration of startup, shutdown and malfunction periods 
for the gasifier(s) are limited to 48 hours per occurrence with 3 annual occurrences for 2 
gasifiers and with 29 annual occurrences for 1 gasifier. The requirement for duration and 
number of occurrences is waived during the first year after the initial demonstration of 
compliance. Startup and shutdown shall be performed consistent with the SSM plan 
submitted on December 4, 2006. 

m) Consistent with 40 CFR 60 Subpart Da, BACT emission limits are based upon heat 
input to the combustion turbines. 
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2. 

.' 
I 

b) The average heat input to each turbine shall not exceed 2114 MMBtu/hour for natural 
gas at ISO standard day conditions on a three hour rolling average. [Pursuant to 401 KAR 
51 :017, Prevention of significant deterioration of air quality]. 

c) Pursuant to 401 KAR 51:017, the pennittee shall install control devices required to 
meet BACT. 

d)' Pursuant to 40 CFR 60, Subpart Da, the combined cycle gas turbine shall be designed 
and intended to burn fuels containing 50 percent (by heat input) or more solid-derived 
fuel not meeting the definition of natural gas on a 12-month rolling average basis. 

Emission Limitations: 

a) Pursuant to 40 CFR 60 Subpart Da, and 401 KAR 51 :017, nitrogen oxides emission 
level in the exhaust gas shall not exceed 0.0331 Ib/MMBtu during any rolling 24-hour 
average period (approximately 5 ppmvd @ 15 % oxygen (02» when firing synthesis gas. 
The nitrogen oxides emission level in the exhaust gas shall not exceed 0.0246 IblMMBtu 
during any rolling 24-hour average period when firing natural gas. Additionally, the 
permittee shall keep records of the quantity of each fuel used and the actual NOx and CO 
emissions during such periods. The ppm level of nitrogen oxides (at ISO standard 
conditions) and IblMMBtu shall be demonstrated by stack test, and measured with use of 
a continuous emission monitor (CEM). 

b) Pursuant to 401 KAR 51:017, the carbon monoxide emission level in the exhaust gas 
shall not exceed 0.0485 Ib/MMBtu during any rolling 24-hour average period when firing 
syn-gas. The carbon monoxide emission level in the exhaust gas shall not exceed 0.0449 
IblMMBtu during any rolling 24-hour average period when firing natural gas. 
Additionally, the permittee shall keep records of the quantity of each fuel used and the 
actual NOx and CO emissions during such periods. The ppm level of carbon monoxide 
and IblMMBtu shall be demonstrated by stack test, and measured with use of a 
continuous emission monitor (CEM). 

c) Pursuant to 40 CFR 60 Subpart Da, and 40 I KAR 51:017, when firing synthesis gas, 
the sulfur dioxide emission level in the exhaust gas shall not exceed 0.015'8 IblMMBtu 
based on any rolling three-hour average period (3.8 ppmvw @ 15% oxygen (02». The 
level of sulfur dioxide converted to IblMMBtu shall be demonstrated by stack test, and 
measured with use of a continuous emission monitor (CEM). 

- d) Pursuant to 401 KAR 51 :0 17, the sulfur dioxide emission level in the exhaust gas shall 
not exceed 0.0006 IblMMBtu when firing natural gas. 

e) Pursuant to 40 CFR 60.42Da (b) emissions from this unit shall not exceed twenty (20) 
percent opacity (6-minute average), except for one 6-minute period per hour of not more 
than (27) percent opacity. . 



wrrv 

Pennit Number: V -07 -017 Page ~ of 53 

SECTION B - EMISSION POINTS, EMISSION UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS 

Emissions Units: 01 (01) & 02 (02) - Coal gasifiers and Syntbesis/Natural Gas-Fired 
Combined Cycle Combustion Turbines (Emissions Units: HRSG-t & HRSG-2] 

D~scription: 

2917 MMBtulhr rated heat input capacity to each gasifier. 
2114 MMBtu/hr rated heat input capacity to each combustion turbine. 
Approximately 770 MW nominal power capacity with a net output of 630 MW (both turbines 
and recovery steam generators): 
GE 7FB synthesis gas (primary) or natural gas (secondary) fired combined cycle combustion 
turbine equipped with diluent nitrogen injection. 
Control Equipment: equipped with Selective Catalytic Reduction (SCR) for NOx, Nitrogen 
Dilution 
Fuel pretreatment: Acid Gas Scrubber and Carbon Absorption 
Construction commenced: estimated - 2008 

APPLICABLE REGULATIONS: 
401 KAR 51 :017, Prevention of significant deterioration of air quality applicable to major 
construction or modification commenced after September 22, 1982; 

401 KAR 60:005, incorporating by reference 40 CFR 60, Subpart Oa, Standards of Performance 
for Electric Utility Generating Units for which construction is commenced after September 18, 
1978. . 

401 KAR 59:01,6. New electric utility steam generating units. (State-only requirements)d 

401 KAR 51:160, NOx requirements for large utility and industrial boilers; 401 KAR 51:210, 
CAIR NOx annual trading program, and 401 KAR 220 CArR NOx ozone trading program. 

401 KAR 52:060, Acid rain permits, incorporating provisions as codified in 40 CFR Parts 72 to 
78 

(Proposed, not yet applicable) 401 KAR 60:020. Mercury Budget Trading Program. Promulgated 
to meet the requirements of 40 CFR60 Subpart HHHH-Emission Guidelines and Compliance 
Times for Coal-Fired Electric Steam Generating Units 

401 KAR 63:020, Potentially Hazardous Matter or Toxic Substances 

40 CFR Part 75, Continuous Emission Monitoring; 

·40 CFR Part 64, Compliance Assurance Monitoring (CAM) 

1. Operating Limitations: 

a) Synthesis gas (mainly consists of carbon monoxide and hydrogen gas), and natural gas 
shall be the sole fuels fired in the turbines. [Pursuant to 401 KAR 51:017, Prevention of 
significant deterioration of air quality]. 
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SECTION A - PERMIT AUTHORIZATION 

Pursuant to a duly submitted application the Kentucky Division of Air Quality hereby authorizes 
the operation of the equipment described herein in accordance with the tenns and conditions of 
this' permit. This pennit has been issued under the provisions of Kentucky Revised Statutes 
Ch~pter 224 and regulations promulgated pursuant thereto~ 

The permittee shall not construct, reconstruct, or modify any affected facilities without first 
sub~itting a complete application and receiving a permit for the plalUled activity from the 

. penpitting authority, except as provided in thispennit or in 401 KAR 52:020, Title V Permits. 

Iss~ance of this permit does not relieve the pennittee from the responsibility of obtaining any 
oth~r permits, licenses, or approvals required by this Cabinet or any other federal, state, or local 
age~cy. 

,. i? W&111 
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SECTION B - EMISSION POINTS, EMISSIONS UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS (CONTINUED) 

d) Pursuant to 401 KAR 52:020, Section 26, records of the hourly synthesis gas and/or 
natural gas (million standard cubic feet) combusted shall be maintained. Records shall be 
maintained to show that synthesis gas and natural gas are the sole fuels burned. in the 
turbine. 

e) Pursuant to 401 KAR 52:020, Section 2~, the permittee shall maintain a weekly log of 
all hours of operation of each turbine, for any consecutive twelve (12) month period. 

f) Pursuant to 40 CFR 60.52Da the permittee of an affected facility subject to the 
emissions limitations in 40 CFR 60.450a shall provide notifications in accordance with 
40 CFR 60.7(a) and shall maintain records of all information needed to demonstrate 
compliance including performance tests, monitoring data, fuel analyses, and calculations, 
consistent with the requirements of 40 CFR 60.7(f). 

g) Pursuant to 401 KAR 52:020, Section 26, the permittee shall maintain a log of all 
Method 9 opacity readings. 

6. Specific Reporting Requirements: 

a) Pursuant to 40 CFR 60.510a(a) for sulfur dioxide, nitrogen oxides, particulate matter, 
and mercury emissions, the performance test data from the initial and subsequent 
performance test and from the performance evaluation of the continuous monitors 
(including the transmissometer) shall be submitted to the Frankfort Central Office. 

b) Pursuant to 40 CFR 60.510a(b) for sulfur dioxide and nitrogen oxides the following 
information shall be reported to the Regional/Central Office for each 24-hour period 
consistent in accordance with the requirements of 40 CFR 60.51 Oa (b) items 1 through 9. 

c) Pursuant to 40 CFR 60.510a(c) if the minimum quantity of emission data as required 
by 40 CFR 60.49Da is not obtained for any 30 successive boiler operating days, the 
pennittee shall submit information consistent with the requirements of 40 CFR 60.51 Oa 
(c) items 1 through 5 obtained under the requirements of 40 CFR 60.480a (h) to the 
Regional Office for that 30-day period. 

d) Pursuant to 40 CFR 60.510a Cd) if any standards under 40 CFR 60.430a are exceeded 
during emergency conditions because of control system malfunction, the permittee of the 
affected facility shall submit a signed statement consistent with the requirements of 40 
CFR 60.510a (d) items 1 through 4. 

e) Pursuant to 40 CFR 60.510a(e) if fuel pretreatment credit toward the sulfur dioxide 
emission standard under 40 CFR 60.430a is claimed, the permittee of the affected facility 
shall submit a signed statement consistent with the requirements of 40 CFR 60.51 Oa ( e) 
items 1 and 2. 
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SECTION B - EMISSION POINTS, EMISSIONS UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS (CONTINUED) 

f) Pursuant to 40 CFR 60.510a(f) for any periods for which sulfur dioxide or nitrogen 
oxides emissions data are not available, the permittee of the affected facility shall submit 
a signed statement indicating if any changes were made in operation of the emission 
control system during the period of data unavailability. Operations of the control system 
and affected facility during periods of data unavailability are to be compared with 
operation of the control system and affected facility before and following the period of 
data unavailability. 

g) The permittee shall the report the information required by 40 CFR 60.51 Oa (g) items 1 
through 5 to Regional Office on an annual basis. 

h) Pursuant to 40 CFR 60.510a (h) the permittee of the affected facility shall submit a 
signed statement as required by 40 CFR 60.510a (h) items 1 through 4 on an annual 
basis. 

i) Pursuant to 40 CFR 60.51 Oa(i) for the purposes of the reports required under 40 CFR ' 
60.7, periods of excess emissions are defined as all 6-minute periods during which the 
average opacity exceeds the applicable opacity standards under 40 CFR 60.420a(b). 
Opacity levels in excess of the applicable opacity standard and the date of such excesses 
are to be submitted to the Regional Office each calendar quarter. 

j) Pursuant to 40 CFR 60.510a (j) the pennittee of an affected facility shall submit the 
written reports required under 40 CFR 60 Subpart Oa and 40 CFR 60 Subpart A to the 
Regional Office semiannually for each six-month period. All semiannual reports shall be 
postmarked by the 30th day following the end of each six-month period. 

k) Pursuant to 40 CFR 60.510a(k) the pennittee of an affected facility may submit 
electronic quarterly reports for S02 and/or NOx and/or mercury in lieu of submitting the 
written reports required under paragraphs (b), (g), and (i) of 40 CFR 60 Subpart Da. The 
fonnat of each quarterly electronic report shall be coordinated with the Regional Office. 
Tge electronic report(s) shall be submitted no later than 30 days after the end of the 
calendar quarter and shall be accompanied by a certification statement from the owner or 
operator, indicating whether compliance with the applicable emission standards and 
minimum data requirements of this subpart was achieved during the reporting period. 
Before submitting reports in the electronic fonnat, the permittee shall coordinate with the 
Regional Office to obtain their agreement to submit reports in this alternative fonnat. 

1) Pursuant to 401 KAR 59:005, Section 3, minimum data requirements which follow 
shall be maintained and furnished in the fonnat specified by the Division. Owners or 
'operators of facilities required to install continuous monitoring systems shall submit for 
every calendar quarter a written report of excess emissions (as defined in applicable 
sections) to the Division. All quarterly reports shall be postmarked by the thirtieth (30th) 
day following the end of each calendar quarter and shall include the following 
information: 
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1) The magnitude of the excess emissions computed in accordance with the 401 KAR 
59:005, Section 4(8), any conversion factors used, and the date and time of 
commencement and completion of ea~h time period of excess emissions. 

2) Specific identification of each period of excess emissions that occurs during 
startups, shutdowns, and malfunctions of the emissions unit. The nature and cause of 
any malfunction (if known), the corrective action taken or preventive measures 
adopted. 

3) The date and time identifying each period during which continuous monitoring 
system was inoperative except for zero and span checks and the nature of the system 
repairs or adjustments. .' 

4) When no excess emissions have occurred or the continuous monitoring system(s) 
have not been inoperative, repaired, or adjusted, such information shall be stated in 
the report. 

m) Pursuant to 401 KAR 52:020, Section 26, for nitrogen oxides, excess emissions are 
defined as any 24 hour period during which the average emissions (arithmetic average) 
exceed the applicable nitrogen oxides emission standard. These periods of excess 
emissions shall be reported quarterly. 

n) P1Jrs~ant to 401 KAR 52:020, Section 26, excess emissions of sulfur dioxide are 
defined as any 3-hour period during which the average sulfur dioxide emissions as 
indicated by continuous emission monitoring, or the sulfur content (or as otherwise 
required in an approved custom fuel sulfur monitoring plan) of the fuel being fired in the 
gas turbine(s) exceeds. the limitations set forth in Subsection 2, Emission Limitations. 
These periods of excess emissions shall be reported quarterly. 

0) Pursuant to 401 KAR 52:020, Section 26, for carbon monoxide, excess emissions are 
defined as any 24 hour period during which the average emissions (arithmetic average of 
three contiguous one hour periods) exceed the applicable carbon monoxide emission 
standard. These periods of excess emissions shall be reported quarterly. 

p) Pursuant to 401 KAR 52:020, Section 26, for mercury excess emissions are defined as 
an annual period during which emissions exceed the applicable mercury emission 

. standard . 

. q) Pursuant to 401 KAR 52:020, Section 26, for sulfuric acid mist (H2S04) excess 
emissions are defined as any 3 hour period during which the average emissions exceed 
the applicable emission standard. These periods of excess emissions shall be reported 
quarterly. 
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SECTION B ~ EMISSION POINTS, EMISSIONS UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS (CONTINUED) 

7. . Specific Control EguipmentOperating Conditions: 

a) The SCR and diluent injection control measure for nitrogen oxides emissions and the 
acid gas scrubbing system for sulfur dioxide emissions·shall be operated in accordance 
with manufacturer's design specifications and/or good engineering practices. The 
permittee shall implement good combustion control and use clean, low sulfur/low ash 
syngas as fuel. Natural gas may be frred at any time, as long as the annual usage does not 
exceed the operating limits in Operating Limitations (c) and ( e) 

b) See Section E for further requirements. 
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Emissions l1l11it: 03 (03) - Unit 3 Indirect Heat Exchanger (AUXB) 

Description: 
Natural gas" .'~"ired indirect heat exchanger 

. Maxit11um C intinuous rating: 278.8 MMBtulhr 
Control Eq:L:.~\)ment: low NOx burners 
Construction commenced: estimated - 2009 

Applicable ,fseguiations: 

401 KAR 59-015, New indirect heat exchangers with a capacity greater than 250 MMBtu /hour 
and commell:~: ed after August 17, 1971 

401 KAR 6(: 005, incorporating by reference 40 CFR 60, Subpart Db, Standards of Perfonnance 
for industrin~ -commercial-institutional steam generating units, applies to each steam generating 
unit commer>:ed after June 19, 1984 that has a maximum design heat input capacity greater than 
100MMBtu/hr. 

401 KAR 51, i60. NOx requirements for large utility and industrial boilers; including 401 KAR 
51 :220, CAIR NOx ozone trading program after 2009. 

401 KAR 51 :017, Prevention of significant deterioration of air quality applicable to major 
construction or modification commenced after September 22, 1982 

1. Oper~ting Limitations: 

The auxiliary boiler shall only operate during gasifier start-up periods. The auxiliary 
boi ler shall not operate more than 500 hours per twelve (12) consecutive months [401 
KAR 51:001, Section 1 (25)]. 

2. Emisfiion Limitations: 

a) Pursuant to 401 KAR 59:015, Section 4(l)(b), 40 CFR 60.43b(h) and 401 KAR 
51:017) particulate emissions shall not exceed 0.007 IblMMBtu based on a three-hour 
average. 

b) Pursuant to 401 KAR 59:015, Section 4(2) emissions shall not exhibit greater than 
twenty (20) percent opacity except: 

1) That, for indirect heat exchangers with heat input capacity of 250 MMBtu per hour 
or more, a maximum of twenty-seven (27) percent opacity shall be pennissible for not 
more than one (1) six (6) minute peripd in any sixty (60) consecutive minutes. 

2) For emissions from an indirect heat exchanger during building a new fire for the 
period required to bring the boiler up to operating conditions provided the method 
used is that recommended by the manufacturer and the time does not exceed the 
manufacturer's recommendations 
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'I c) Pursuant to 401 KAR 59:015, Section 5(2), 40 CFR 60.42b(k) and 401 KAR 51:017, 
sulfur dioxide emissions shall not exceed 0.0061b1MMBtu based on a twenty four-hour 
average. Compliance is assured through combustion of natural gas only. ' 

d) Pursuant to 401 KAR 59:015, Section 6(1), 40 CFR 60.44b(a) and 401 KAR 51 :017, 
nitrogen oxides emissions shall not exceed 0.036 IblMMBtu based on a twenty four-hour 
average. 

3. : Testing Requirements: 

a) Pursuant to 401 KAR 59:005, Section 2 and 401 KAR 59:015, Section 8 the pennittee 
shall conduct perfonnance tests for NOx, CO, and PMlPMIO to demonstrate compliance 
with the applicable emission standards within sixty (60) days after achieving the 
maximum production rate at which the affected facility will be operated, but not later 
than 180 days after initial startup of such facility. 

b) See Section D. 

4. Specific Monitoring Requirements: 

a) Pursuant to 401 KAR 52:020, Section 26, the pennittee shall monitor the hours of fuel 
combusted on a daily basis during each twelve (12) consecutive months. 

b) Pursuant to 401 KAR 52:020, Section 26, to demonstrate continuing compliance Iwith 
the BACT detennination, monitoring of operations shall consist of fuel supplier 
certification. The fuel supplier certification shall include the name of the natural gas 
supplier, a statement of the natural gas heating value, weight percent sulfur and that the 
natural gas complies with the specifications under the definition for natural gas in 40 
CFR 60.40b. 

c) Pursuant to 401 KAR 51: 160, the pennittee shall monitor the total ,NOx emissions 
during each NOx control period as specified in 40 C.F.R. 96.70 to 96.76. 

5. Specific Record Keeping Requirements: 

a) Pursuant to 401 KAR 59:005, Section 3(4), the permittee of the indirect heat exchanger 
shall maintain a file of all measurements and performance testing measurements required 
by 401 KAR 59:005 recorded in a permanent form suitable for inspection. 

b) Pursuant to 401 KAR 59:005, Section 3(2), the permittee of this unit shall maintain the 
records of the occurrence and duration of any startup, shutdown, or malfunction in the 
operation of the affected facility. 

c) The permittee shall maintain the results of all compliance tests. 

d) The permittee shall maintain records of hours of operation and natural gas usage 
during each twelve (12) consecutive months. , 
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e) Purs\lant to 401 KAR 59:005, Section 3 (4), the permittee of the indirect heat 
exchanger shall maintain a file of all measurements, including monthly natural gas usage. 
The permittee shall maintain a file of the fuel supplier certification; and all other 
information required by 401 KAR 59:005 recorded in a permanent form suitable for 
inspection. The file shall be retained for at least five (5) years following the date of such 
measurements, maintenance, reports, and records. 

6. Specific Reporting Requirements: 

a) Pursuant to 401 KAR 60:005, Section 3(1)(d), the permittee shall follow the applicable 
reporting requirements and recordkeeping requirements specified in 40 CFR 60.49b. 

b) See Section F for further requirements. 

7. Specific Control Equipment Operating Conditions: 

None. 
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Emissions Unit: 04 (04) - Unit 4 (Flare) 

Description: 

Three continuous pilots rated at 490 SCF Ihr natural gas for pilot flame 
CO,nstruction commenced: expected 2009 

Applicable Regulations: 

401 KAR 63:015, Flares 

40 l KAR 51:017, Prevention of significant deterioration of air quality applicable to major 
construction or modification commenced after September 22, 1982 

1. : Operating Limitations: 

a) Synthesis gas shall only be vented to the flare during periods of startup, shutdown and 
malfunction of the thermal oxidizer. Emissions from the flare are not eligible for 
relief with compliance under 401 KAR 50:055, as the normal operation of the flare 
occurs during periods of startup, shutdown and malfunction of other process units. 

b) Pursuant to 401 KAR 51 :017, the permittee shall use good flare design consistent 
with the requirements established in 40 CFR 63.11. 

2.' Emission Limitations: 

a) Pursuant to 401 KAR 51:017, the flare shall be designed for and operated with no 
visible emissions, except for periods not exceeding a total of 5 minutes during any 2 
consecutive hours. 
b) Pursuant to 401 KAR 63:015, Section 3, the opacity of visible emissions the flare 
listed above shall not exceed 200/0 for more than 3 minutes in anyone day. 

3. Testing Requirements: 

The permittee shall perform Method 22 testing for visible emissions during any period of 
flaring greater than one hour, for the duration of each syngas venting episode. The 
permittee shall observe and record in a log the following infonnation: 

1. The total duration of visible emission incident; 
2. The cause of the abnonnal emissions; and 
3. Any corrective actions taken. 
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SECTION B - EMISSION POINTS, EMISSION UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS (CONTINUED) 

4. Specific Monitoring Requirements: 

a) Pursuant to 40 I KAR 52:020, Section 26, the flare shall be operated with a flame 
present at all times. The presence of a flare pilot flame shall be monitored using a 
thermocouple or any other equivalent device to detect the presence of a flame. 

b) See 3. Testing Requirements above. 

s. Specific Recordkeeping Requirements: 
( 

a) Pursuant to 401 KAR 52:020, Section 26, the permittee shall maintain a log of the 
dates and times of each Method 22 test and either the results of the test or reasons for not 
performing a Method 22 test. 

b) Pursuant to 401 KAR 52:020, Section 26, the permittee shall maintain a log of each 
period of flaring, and the quality of synthesis gas being flared, i.e. combustion ready, 
untreated or partially treated by the sulfur removal units and/or acid gas system. 

6. Specific Reporting Requirements: 

Pursuant to 401 KAR 52:020, Section 26, duration, amounts and quality of syngas flared 
shall be reported as 'required by Section F. of this permit. 

7. Specific Control Equipment Operating Conditions: 

a) Pursuant to 401 KAR 51:017, Prevention of significant deterioration of air quality, 
the permittee shall comply with best available control technology with use of good 
flare design. 

b) Permittee shall demonstrate good flare design by complying with the requirements of 
40 CFR 63.11, or by an alternative demonstration approved by the Division. 
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Emissions Unit OS (OS) Unit 5 (Acid Gas Removal and Thermal Oxidizer) 

Description: 

Production areas Acid Gas Removal System (AGR) and Tail Gas Treatment Unit will have a 
thermal oxidizer (TO) as a control device 
Thermal Oxidizer - tail gas treatment 
Construction commenced: expected 2009 

Applicable Regulations: 
401 KAR 59: 1 05, New Process Gas Streams commenced after June 6, 1979 

401, KAR 51:017, Prevention of significant deterioration of air quality applicable to major 
construction or modification commenced after September 22, 1982 

1. Operating Limitations: 

a) Pursuant to 401 KAR 51:017 and 401 KAR 50:055, Section 2(5), the permittee shall 
operate the thermal oxidizer at all times the AGR systems is in operation. 

b) The average combustion temperature of the Thermal Oxidizer (TO) shall not be 
operated below 1100 degrees Fahrenheit, based on a one-hour average. Upon completion 
of a performance test, the thermal oxidizer shall not be operated more than 28 degrees 
Celsius (50 degrees Fahrenheit) below the average combustion temperature limit 
established during the most recent performance test. 

2. Emission Limitations: 

a) Pursuant to 401 KAR 59: 105 Section 3, no person shall cause, suffer, allow or permit 
the emission of hydrogen sulfide in a process gas stream to exceed ten (10) grains per 100 
dscf(165 ppm by volume) at zero percent oxygen except that sources whose combined 
process gas stream emission rate totals less than two (2) tons per day of hydrogen sulfide 
shall either reduce such emissions by eighty-five (85) percent or control such emissions 
such that hydrogen sulfide in the gas stream emitted into the ambient air does not exceed 
ten (10) grains per 100 dscf(165 ppm by volume) at zero percent oxygen. 

b) Pursuant to 401 KAR 59: 105, Section 4, no person shall cause, suffer, allow or pennit 
the emission of sulfur dioxide in a process gas stream to exceed 28.63 grains per 100 dscf 
(250 ppm by volume) at zero percent oxygen except that sources whose combined 
process gas stream emission rate totals less than four (4) tons per day of sulfur dioxide 
shall reduce such emissions by eighty-five (85) percent. 

c) Pursuant to 40 I KAR 51:017, the emissions of S02 from the sulfur recovery uni t shall 
not exceed 100 ppm by volume (dry basis) at 00/0 oxygen on a three hou~ basis except 
during startup, shutdown and malfunction. 
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3. Testing Requirements: 

a) Pursuant to 401 KAR 59:005, Section 2 the permittee shall conduct performance tests 
for the inlet and outlet concentrations ofH2S and S02 to demonstrate compliance with the 
BACT . emission standards within sixty (60) days after achieving the maximum 
production rate at which the affected facility will be operated, but riot later than 180 days 
after initial startup of such facility. 

b) The permittee shall use the data collected during the performance test to calculate and 
record the average combustion temperature. This average combustion temperature minus 
28 degrees Celsius (50 degrees Fahrenheit) shall become the minimum operating set 
point of the thermal oxidizer. 

4. Specific Monitoring Requirements: 

a) In accordance with 401 KAR 52:020, Section 26, the permittee' must monitor the 
temperature in the firebox of the thermal oxidizer or immediately downstream of the 
firebox before any substantial heat exchange occurs. Compliance shall be demonstrated 
by monitoring and recording the combustion temperature a minimum of recording the 
measured value at least once every 15 minutes. The thermocouple shall have an accuracy 
of the greater of 0.75 percent of the temperature measurement expressed in degrees 
Celsius or ± 2.5°C. 

b) In accordance with 401 KAR 52:020, Section 26, the permittee must perform an 
electronic calibration semi-annually (on a calendar year basis) of the 
convertor/temperature readout device. Following the electronic calibration, a 
thermocouple validation check must be conducted in which the readout device of a 
second or redundant thermocouple must yield a reading within 30 degrees Fahrenheit of 
each other. 

c) In accordance with 401 KAR 52:020, Section 26, the permittee must conduct an 
accuracy audit consisting of an electronic calibration of the convertor/temperature 
readout device and validation of the thermocouple any time the thermocouple exceeds the 
manufacturer's specified maximum operating temperature range or install a new or lab 
certified thermal couple. 

d) In accordance with 401 KAR 52:020, Section 26, the permittee must at least monthly, 
inspect components for integrity and electrical connections for continuity, oxidation, and 
galvanic corrosion. . 

e) Pursuant to 401 KAR 51 :017 and 40 CFR 75, to meet the monitoring requirement for 
sulfur dioxide the permittee. shall use a continuous emission monitor (CEM). The sulfur 
dioxide CEM system shall be used as the indicator of continuous compliance with the 
sulfur dioxide emission limits. The CEM may be installed either prior to the thermal 
oxidizer or on the exhaust stack. Excluding startup and shu'tdown periods, if any 3-hour 
rolling average exceeds the sulfur dioxide emission limitation, the permittee shall initiate 
an investigation of the cause of the exceedance and complete necessary "process/CEM 
repairs or other corrective actions as soon as practicable. 
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f) In accordance with 401 KAR 52:020, Section 26, the permittee shall perform a 
qualitative visual observation of the opacity of emissions from the thermal oxidizer on a 
weekly basis and maintain a log of the observations. If visible emissions from the 
thermal oxidizer are seen, the permittee shall determine the opacity of emissions by 
Reference Method 9 and initiate an inspection of the thermal oxidizer and the entire 
process making any necessary repairs. 

5. . Specific Recordkeeping Reguirements: 

a) In accordance with 401 KAR 52:020, Section 26, the pennittee shall maintain records 
of the following information for the thermal oxidizer: 

i. The design and/or manufacturer's specifications or equivalent document. 
ii. The operational procedures and preventive maintenance records. 
iii. The calibration records, thermocouple validation checks, and any subsequent 
accuracy audits. 
iv. Maintain a record (electronically or by strip chart) of the average combustion 
chamber temperature limit established during the most recent performance test and all 
relevant supporting data. 
v. All periods (during periods of operations) during which the combustion chamber 
temperature of the thermal oxidizer is more than 28 degrees Celsius (50 degrees 
Fahrenheit) below the average combustion chamber temperature of the thermal 
oxidizer during the most recent performance. test which demonstrated compliance. 
Each occurrence shall be considered a deviation from permit requirements. 
vi. During all periods of operation( one hour rolling average) of the thermal oxidizer 
in which the combustion chamber temperature of the thermal oxidizer is more than 28 
degrees Celsius (50 degrees Fahrenheit) below the average combustion chamber 
temperature of the thermal oxidizer during the most recent performance test which 
demonstrated compliance, or other malfunction of the thennal oxidizer, a daily log of 
the following information shall be kept: 

a. Whether any air emissions were visible from the facilities associated with 
the thermal oxidizer. 

b. Whether visible emissions were nonnal for the process. 
c. The cause of the visible emissions. . 
d. Corrective action(s) taken shall be recorded. 

vii. For the purpose of calculation excess emissions, a control efficiency· of 0% shall 
be assumed for all periods the thermal. oxidizer is receiving emissions during which 
the combustion chamber temperature of the thermal oxidizer is more than 28 degrees 
Celsius (50 degrees Fahrenheit) below the average comJ?ustion chamber temperature 
of the thermal oxidizer during the most recent performance test. 

b) In accordance with 401 KAR 52:020, Section 26, all records shall be retained at the 
source for a period of five years. /' 
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6. Specific Reporting Requirements: 

a) Pursuant to 401 KAR 59:005, Section 3(2), the pennittee of this unit shall maintain the 
records of the occurrence and duration of any startup, shutdown, or malfunction in the 
operation of the affected facility. 

b) In accordance with 401 KAR 52:020, Section 26, the pennittee shall maintain the 
results of all compliance tests. 

c) In accordance with 401 KAR 52:020, Section 26, the pennittee shall maintain records 
of monthly natural gas usage, hours of operation and amount and type of waste gas 
treated during each twelve (12) consecutive months. 

7. Specific Control Equipment Operating Conditions: 

a) Pursuant to 401 KAR 51:017, Prevention of significant deterioration of air quality, the 
pennittee shall comply with· best' available control technology with use of low ash/low 
sulfur natural gas fuel and good flare design. 

b) Pursuant to 401 KAR 51 :017 and 401 KAR 50:055, Sections 1 and 2, any time the 
Thermal Oxidizer is not in operation the permittee shall initiate a shutdown of the 
gasifiers. 

c) In accordance with 401 KAR 50:055, a thermocouple shall be used to continuously 
monitor the temperature of the combustion chamber of the thermal oxidizer to ensure 
proper combustion chamber operation. The thermocouple shall be calibrated annually. 
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Emissions Unit 11 (11) Unit 11 (Sulfur material handling) 

Description: 

Liquid sulfur from the Acid Gas Removal System (AGR) 
Bulk loading of sulfur. 
Construction commenced: expected 2009 

Applicable Regulations: 

401 KAR 51:017, Prevention of significant deterioration of air quality 
401' KAR 63:020, Potentially Hazardous Matter or Toxic Substances 

1. I Operating Limitations: 

None 

2. Emission Limitations: 

Pursuant to 401 KAR 51 :017, the degassing of the molten sulfur and sulfur storage 
facility for the sulfur recovery unit shall be vented back into the sulfur recovery unit or 
the associated tail gas treatment unit.. For tanker truck or railcar loading of liquid sulfur, 
the loading rack shall include a vapor recovery system to return the displaced vapors to 
either the sulfur storage tank or to the sulfur recovery unit. . 

3. Testing Requirements: 

None 

4. Specific Monitoring Requirements: 

None 

5. Specific Record Keeping Requirements: 

Pursuant to 401 KAR 52:020, Section 26, the permittee shall retain records of routine and 
non-routine maintenance of the vapor recovery system. 

6. Specific Reporting Requirements: 

See Section F for further requirements. 

7~ Specific Control Equipment Operating Conditions: 

Pursuant to 401 KAR 51 :017, Prevention of significant deterioration of air quality, the 
pennittee shall comply with best available control technology with the use of degassing 
and vapor recovery. 
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Emissions Unit 06 (06) Unit 6 Coal Handling Operations (Coal crushing' and processing 
operation.s) 

Description: 

Equipment includes: Conveyor transfer-800tph (37), barge unloading-700tph (38), conveyor 
transfer-800tph (K3), transfer house #1-800tph (THDC33), transfer house 
#2-800tph (THDC34), coal reclaim-l05tph (CRD35) 

Control equipment: Baghouses, telescopic chutes, water spray 
Operating rate: see above for specific tonslhour 
Construction commenced: expected 2009 

Applicable Regulations: 

401 KAR 60:005, incorporating by reference 40 CFR 60, Subpart Y, Standards of performance 
for coal preparation plants, for emissions units commenced after October 24, 1974, and 

401 KAR 51 :017, Prevention of significant deterioration of air quality 

1. Operating Limitations: 

None 

2. Emission Limitations: 

Pursuant to 401 KAR 60:005, Section 3(1) (ff) incorporating by reference 40 CFR 60 
Subpart Y, 40 CFR 60.252, the permittee subject to the provisions of this regulation shall 
not cause to be discharged into the atmosphere from any coal processing and conveying 
equipment, coal storage system, or transfer and loading system processing coal, gases 
which exhibit 20 percent opacity or greater. 

3. Testing Requirements: 

Pursuant to 401 KAR 60:005, Section 3(1)(ff) incorporating by reference," 40 CFR 
60.254, EPA Reference Method 9 and the procedures in 40 CFR 60.11 shall be used to 
determine opacity upon request by the Division. 

4. Specific Monitoring Requirements: 

In accordance with 401 KAR 52:020, Section 26, the pennittee shall perform a 
qualitative visual observation of the opacity of emissions from each stack on a weekly 
basis and maintain a log of the observations. If visible emissions from any stack are seen, 
the permittee shall determine the opacity of emissions by Reference Method 9 and initiate 
an inspection of the control equipment making any necessary repairs. 
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5. Specific Record Keeping Requirements: 

a) Pursuant to 401 KAR 52:020, Section 26, the pennittee shall maintain the records of 
amount of coal received and processed. 

b) Pursuant to 401 KAR 52:020, Section 26, the pennittee shall maintain the results of all 
compliance tests. The pennittee shall record each week, the date and time of each 
observation and opacity of visible emissions monitoring. In case of exceedances, the 
pennittee must record the reason (if known) and the measur~s taken to minimize or 
eliminate exceedances. 

6. Specific Reporting Requirements: 
See Section F for further requirements. 

7. Specific Control Equipment Operating Conditions: 

a) The enclosure on the conveyors and transfer points, coal bunkers, and for the coal pile 
reclaim shall be operated to maintain compliance with pennitted .emission limitations, in 
accordance with manufacturer's specifications and/or standard operating practices. 

b) Records regarding the maintenance of the control equipments shall be maintained. 

c) Refer to General Conditions of the Pennit, Section F. [401 KAR 50:055 Section 2(5)] 
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Emissions Unit 07 (07) Unit 7 Coal Handling Operations 

Description: 

Dead coal storage pile-90, 000 tons (20a), coal stacker to long term storage pile-2.5 acres (20b) 
Control equipment: Compaction, wet suppression 
Construction commenced: expected 2009 

Applicable Regulations: 

401 KAR 63:010, Fugitive emissions is applicable to each affected facility which emits or may 
emit fugitive emissions and is not elsewhere subject to an opacity standard within the 
administrative regulations of the Division of Air Quality. 

401 KAR 51 :017, Prevention of significant deterioration of air quality 

1. Operating Limitations: 

a) Pursuant to 401 KAR 51 :017 and 401 KAR 63:010, Section 3, reasonable precautions 
shall be taken to prevent particulate matter from bec,oming airborne. Such reasonable 
precautions shall include, as needed, but not be limited to the following: 

1. Application and maintenance of asphalt, application of water, or suitable 
chemicals on roads, material stockpiles, and other surfaces which can create 
airborne dusts; 

2. Operation of hoods, fans, and fabric filters to enclose and vent the handling of 
dusty materials, or the use of water sprays or other measures to suppress the dust 
emissions during handling; 

3. The maintenance of paved roadways. 

4. The prompt removal of earth or other material from a paved street which earth 
or other material has been transported thereto by trucking or other earth moving 
equipment or erosion by water; 

5. Installation and use of compaction or other measures to suppress the dust 
emissions during handling. 

b) Pursuant to 401 KAR 63:010, Section 3, discharge of visible fugitive dust emissions 
beyond the property line is prohibited. 



Pennit Number: V -07 -017 Page 26 of 53 

-

SECTION B - EMISSION POINTS, EMISSION UNITS, APPLICABLE 
REGULATIONS, AND OPERATING CONDITIONS (CONTINUED) 

c) No one shall allow earth or other material being transported by truck or earth moving 
equipment to be deposited onto a paved street or roadway, pursuant to 401 KAR 63:010, 
Section 4. 

d) Pursuant to 401 KAR 51:017, the permittee shall apply compaction and water 
suppression control methods as BACT. 

2. Emission Limitatnons: 

None 

3. Testing Requirements: 

None 

4. I Specific Monitoring Requirements: 

a) Pursuant to 401 KAR 52:020, Section 26, the permittee shall perform a qualitative 
visual observation on a weekly basis and maintain a log of the observations and 
corrective actions. 

b) See Section F. 

5. Specific Record Keeping Requi~ements: 

a) Pursuant to 401 KAR 52:020, Section 26, records of the fossil fuels processed shall be 
maintained. 

b) Pursuant to 401 KAR 52:020, Section 26, annual records estimating the tonnage 
hauled on plant roadways shall be maintained. 

c) Pursuant to 401 KAR 52:020, Section 26, the permittee shall maintain a log of the 
date, time and results of the monitoring required in Subsection 4 above. 

6. Specific Reporting Requirements: 

See Section F. 

7. Specific Control Equipment Operating Conditions: 

I • 

a) Pursuant to 401 KAR 50:055, SectIon 5 and 401 KAR 51:017, the water spray, 
compaction and other control measures shall be used to maintain compliance with 
permitted applicable requirements, in accordance with standard operating practices. 

b) Plarit roadways shall be paved and controlled with water to comply with 401 KAR 
63:010. . 
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c) Pursuant to 401 KAR 59:055, Section 3(4), records regarding the maintenance of the 
control equipment shall be maintained. 

d) See Section E for further requirements. 
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E~issions Unit: 08 (08) - Unit 8 Cooling Tower 

De~cription: 

Ten cell cooling tower 
Circulating Rate: 375,000 gallons/minute 
Control equipment: high efficiency 0.0005% mist eliminators 
Construction commenced: Expected Summer 2009 

Applicable Regulations: 

40)' KAR 63:0 I 0, Fugitive emissions, and 

401' KAR 51:017, Prevention of Significant Deterioration of Air Quality applicable to major 
construction or modification commenced after September 22, 1982. 

1. Operating Limitations: 

a) Pursuant to 401 KAR 63:010, Section 3, reasonable precautions shall be taken to 
prevent particulate matter from becoming airborne. 

b) Pursuant to 401 KAR 63:010, Section 3, discharge of visible fugitiye dust emissions 
beyond the property line is prohibited 

c) Pursuant to 401 KAR 51:017, the cooling tower circulating water rate shall not exceed 
375,000 gals/minute on a daily average. 

d) Pursuant to 401 KAR 51:017 the total dissolved solids (TDS) concentration in the 
circulated cooling water shall not exceed a TDS concentration of 2,300 parts per million. 

2. Emission Limitations: 

a) Pursuant to 401 KAR 51:017, the cooling tower shall be equipped with high efficiency 
drift eliminators that are designed to reduce drift to less than 0.0005 percent. 
Verification : 
of drift loss shall be by manufacturer's guarantee. 

b) Pursuant to 401 KAR 63:010, Section 3, reasonable precautions shall be taken to 
'prevent particulate matter from becoming airborne. 

c) Pursuant to 401 KAR 51:017, the PMlPMIO BACT emission limit for the cooling 
tower shall be 2.16 Ibslhr. 

3. Testing Requirements: 

An initial performance test to verify drift percent achieved by the drift eliminator will be 
eonducted based on the Cooling Technology Institute (CTI) Acceptance Test Code 
(A TC) # 140. Drift percentage shall be tested prior to permit renewal. 
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4. Specific Monitoring Requirements: 

a) Pursuant to 401 KAR 52:020, Section 26, the pennittee shall monitor total dissolved 
solids content of the circulating water on a weekly basis. 

b) Pursuant to 401 KAR 52:020, Section 26, the permittee shall monitor the circulating 
water rate on a daily basis. 

5. Specific Recordkeeping Requirements: 

a) Pursuant to 401 KAR 52:020, Section 26, the permittee shall maintain records of the 
manufacturer's design of the Drift Eliminators. 

b) Pursuant to 401 KAR 52:020, Section 26, the pennittee shall maintain records of the 
daily amount of water circulated. 

c) Pursuant to 401 KAR 52:020, Section 26, results of the TDS· monitoring required 
above shall be recorded weekly. 

d) Pursuant to 401 KAR 52:020, Section 26, the pennittee shall, using the most recent 
values for TDS and circulating water rate, calculate and record the emissions from the 
cooling tower on a weekly basis. 

6. Specific Reporting Requirements: 

See Section F for further requirements. 

7. Specific Control Equipment Operating Conditions: 

a) Pursuant to 401 KAR 50:055, Section 5, the drift eliminators shall be maintained and 
operated to ensure the emission units are in compliance with applicable requirements of 
401 KAR 63:010 and in accordance with manufacturer's specifications and/or standard 
operating practices. 

b) See Section E for further requirements. 
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Emissions Unit: 09 (09) Unit 9 Emergency Fire Pump 
Description: 
Emergency fire pump, 2.4 MMBtu, industrial engine natural gas-fired 
Construction commenced: Proposed Start-Up 2010 

Applicable Regulations: 

401 KAR 51:017, Prevention of significant deterioration of air quality applicable to major 
construction or.modification commenced after September 22, 1982 

40 CFR 60, Subpart JJJJ, National Emission Standards for Stationary Spark Ignition Internal 
Combustion Engines and National Emission Standards for Hazardous Air Pollutants for 
Reciprocating Internal Combustion Engines; Proposed Rule published in the Federal Register on 
Ju~e 12,1,2006. 

1. f Operating Limitations: 

a) The maximum operating time for the Emergency Fire Pump shall not exceed 500 hours 
in any consecutive twelve months (PSD BACT limit on operating hours). 

b) See Section D 

2. Emission Limitations: 

Pursuant to 401 KAR 51:017 and the proposed revisions to NSPS Subpart JJJJ, owners 
and operators of stationary SI natural gas and lean burn LPG engines with a maximum 
engine power greater than 19 KW (25 HP), that are modified or reconstructed after June 
12, 2006, must comply with the same emission standards as those specified in paragraph 
(d) of 40 CFR 60 Subpart JJJJ except that such owners and operators must meet a 
nitrogen oxides (NOX) emission standard of 3.0 grams per HP-hour (g/HP-hr), a carbon 
monoxide (CO) emission standard of 4.0 gIHP-hr, and a non-methane hydrocarbons 
(NMHC) emission standard of 1.0 g/HP-hr, where the date of manufacture of the engine 
is: 

(i) Prior to July 1,2007, for non- emergency engines with a maximum engine power 
greater than or equal to 500·HP; 
(ii)Prior to January 1,2009, for emergency engines. 

3. Testing Requirements: 

a) Pursuant to 401 KAR 59:005, Section 2 the pennittee shall demonstrate compliance 
with the applicable emission standards within sixty (60) days after achieving the 
maximum production rate at which the affected facility will be operated, but not later 
than 180 days after initial startup of such facility. 
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b) Pursuant to 40 CFR 60.4244, [per proposed revisions to NSPS Subpart JJJJ published 
in the Federal Register on June 12, 2006] Owners and operators of stationary SI ICE who 
conduct perfonnance tests must follow the procedures in paragraphs (1) through (6). 

(1) perfonnance test must be conducted according to the requirements in 40 CFR 60.8 
and under the specific conditions that are specified by Table 2 to this subpart. 

(2) You may not conduct perfonnance tests during periods of startup, shutdown, or 
malfunction, as specified in 40 CFR'60.8(c). 

(3) You must conduct three separate test runs for each perfonnance test, as specified 
in 40 CFR 60.8(f). Each test run must last at least 1 hour. 

(4) To detennine compliance with the NOX mass per unit output emission limitation, 
convert the concentration of NO X in the engine exhaust using the following equation: 

ER =(Cd xl 912 x10-3 x Q x T) / (HP - hr) (Eq. 1) 

Where: 
ER = Emission rate of NOX in g/HP-hr. 
Cd = Measured NOX concentration in parts 
per million (ppm). 
1.912 x 10-3 = Conversion constant for ppm 
NOX to grams per standard cubic meter 
at 25 degrees Celsius. 
Q = Stack gas volumetric flow rate, in 
standard cubic meter per hour. 
T = Time of test run, in hours. 
HP~hr = Brake work of the engine, 
horsepower-hour (HP-hr). 

(5) To detennine compliance with the CO mass per unit output emission limitation, 
convert the concentration of CO in the engine exhaust using the following equation: 

ER ~ (Cd xl 164 x10-3 x Q x T) / (HP - hr) (Eq. 2) 

Where: 
ER = Emission rate of CO in g/HP-hr. 
Cd = Measured CO concentration in ppm. 
1.164 x 10-3 = Conversion constant for ppm 
CO to grams per standard cubic meter at 
25 degrees Celsius. 
Q = Stack gas volumetric flow rate, in 
standard cubic meters per hour. 
T = Time of test run, in hours. 
HP-hr = Brake work of the engine, in HP~hr. 
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(6) To determine compliance with the NMHC mass per unit output emission 
limitation, convert the concentration ofNMHC in the engine exhaust using the 
following equation: . 

ER = (Cd xl 832 x10-3 x Q )C, T) / (HP - hr) (Eq. 3) 

Where: 
ER = Emission rate of NMHC in g/HP-hr. 
Cd = NMHC concentration measured as 
propane in ppm. 
1.832 x 10-3 = Conversion constant for ppm 
NMHC measured as propane, to grams 
per standard cubic meter at 25 degrees 
Celsius. 
Q = Stack gas volumetric flow rate, in 
standard cubic meters per hour. 
T = Time of test run, in hours. 
HP-hr = Brake work of the engine, in HP-hr. 

4. Specific Monitoring Requirements: 

a) In accordance with 401 KAR 52:020, Section 26, the permittee shall monitor the 
monthly fuel usage, the average monthly fuel heat content, and the monthly hours of 
operation. 

b) Pursuant to 40 CFR 60.4237 the permittee of an emergency stationary SI internal 
combustion engine must install a non-resettable hour meter prior to startup of the engine. 

5. Specific Recordkeeping Reguirements: 

a) In accordance with 401 KAR 52:020, Section 26, the pennittee shall maintain records 
of monthly fuel used, monthly average fuel heat content, and monthly hours of operation 
of the emergency fire pump. 

b) Pursuant to 40 CFR 60.4245(a) owners and operators of all stationary SI ICE must 
keep records of the infonnation in paragraphs (1) through (4). 

(1) All notifications submitted to comply with this subpart and all documentation 
supporting any notification. 
(2) Maintenance conducted on the engine. 
(3) If the stationary SI internal combustion engine is a certified engine, 
documentation from the manufacturer that the engine is certified to meet the emission 
standards and infonnation as required in 40 CFR parts 90 and 1048. 
(4) If the stationary SI.internal combustion engine is not a certified engine, 
documentation that the engine meets the emission standards. 
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c) Pursuant to 40 CFR 60.4245(b) the permittee of stationary SI emergency ICE must 
keep records of the hours of operation of the engine that is recorded through the non
resettable hour meter. The permittee must document how many hours are spent for 
emergency operation, including what classified the operation as emergency and how 
many hours are spent for non-emergency operation. 

6. Specific Reporting Requirements: 

a) Pursuant to 40 CFR 60.4245(c) owners and operators of stationary SI ICE greater than 
or equal to 500 HP that have not be'e~ certified l?y an engine manufacturer to meet the 
emission standards in 40 CFR 60.4231 must submit an initial notification as required in 
40 CFR 60.7(a)(1). The notification must include the information in paragraphs (1) 
through (5). 

(I) Name and address of the owner or operator; 
(2) The address of the affected source; 
(3) Engine information including make, model, engine family, serial 
number, model year, maximum engine power, and engine displacement; 
(4) Emission control equipment; and 
(5.) Fuel used. 

b) Pursuant to 40 CFR 60.4245(d) owners and operators of stationary SI ICE that have 
not been certified by an engine manufacturer to meet the emission standards in 40 CFR 
60.4231 must submit a copy of each performance test as conducted in 40 CFR 60.4244 
within 30 days after the test has been completed. 

7. Specific Control Equipment Operating Conditions: 

None 
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Emissions Unit: 10 (10) Plant Roadways [Emissions Units: HRP] 

Description: 
Paved and unpaved roadways 
Construction commenced: Proposed Start-Up 2008 

Applicable Regulations: 

401 KAR 63:010, Fugitive emissions is applicable to each affected facility which emits or may 
emit fugitive emissions and is not elsewhere subject to an opacity standard within the 

, administrative regulations of the Division of Air Quality. 

40 I, KAR 51:017, Prevention of significant deterioration of air quality applicable to major 
construction or modification commenced after September 22, 1982 

1.; Operating Limitations: 

a) Pursuant to 401 KAR 63:010, Section 3, reasonable precautions shall be taken to 
prevent particulate matter from becoming airborne. Such reasonable precautions shall 
include, when applicable, but not be limited to the following: 

1. application and maintenance of asphalt, application of water, or suitable chemicals 
on roads, material stockpiles, and other surfaces which can create airborne dusts; 

2. the maintenance of paved roadways in a clean condition; 

3. the prompt removal of earth or other material from a paved street which earth or 
other material has been transported thereto by trucking or other earth moving 
equipment or erosion by water. 

b) Pursuant to 401 KAR 63:010, Section 3, discharge of visible fugitive dust emissions 
beyond the property line is prohibited. 

c) No one shall allow earth or other material being transported by truck or earth moving 
equipment to be deposited onto a paved street or roadway, pursuant to 401 KAR 63:010, 
Section 4. 

2. Emission Limitations: 
None " 

3.' Testing Requirements: 
None 
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4. Specific Monitoring Requirements: 

See Section F. 

5. 8oecificRecord Keeping Requirements: 

Records of the tonnage of materials hauled shall be maintained. for emissions inventory 
purposes. 

6. Specific Reporting Requirements: 

See Section F. 

7. Specific Control EguipmentOperating Conditions: 

a) All control measures shall be in place, properly maintained, and in operation to 
maintain compliance with the permitted emission limitations, and in accordance with 
standard operating procedures. (401 KAR 51:017 and 401 KAR 50:055) 

b) See Section E for further requirements. 
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SECTION C - INSIGNIFICANT ACTIVITIES 

The following listed activities have been determined to be insignificant activities for this source 
pursuant to 401 KAR 52:020, Section 6. While these activities are designated as insignificant 
th~ pennittee must comply with the applicable regulation and some minimal level of monitoring 
may be necessary. Process and emission control equipment at each insignificant activity subject 
toa general applicable regulation shall be inspected monthly and qualitative visible emission 
evaluation made. The results of the inspections and observations shall be recorded in a log, 
nOling color, duration, density (heavy or ligQt), cause and any conservative actions taken for any 
abnormal visible emissions. 

Description Generally Applicable Regulation 

Cold Solvent Parts Cleaners 401 KAR 59:0158 

10,000 Gallon Diesel Fuel Storage Tank None 

2-20,000 Gallon Miscellaneous Tanks None 

M~intenance Activities None 

Dead Coal Storage Pile 401 KAR 63:010 

. Sl~g Landfill 401 KAR 63:01,0 

Mi~c. Storage Tanks 401 KAR 68:150 

Ammonia Storage Tanks 401 KAR 68:150 



Permit Number: V-07-017 Page 37 of 53 

SECTION D - SOURCE EMISSION LIMITATIONS AND TESTING 
REQUIREMENTS 

1. As required by Section 1 b of the Cabinet Provisions and Procedures for Issuing Title V 
'Permits incorporated by reference in 401 KAR 52:020, Section 26; compliance with 
annual emissions and processing limitations contained in this permit, shall be based on 
emissions and processing rates for any tWelve (12) consecutive months. 

2. Particulate matter (PMlPMJ()/PM2.5), sulfur dioxide (S~), nitrogen oxides (NOx), carbon 
monoxide (CO), mercury (Hg) and sulfuric acid mist (H2S04) emissions, measured by 
applicable reference methods, or an equivalent or alternative method specified in 40 
C.F.R. Chapter I, or by a test method specified in the state implementation plan shall not 
exceed the respective limitations specified herein. 

3. Emission Units 01 and 02 shall be performance tested initially for compliance with the 
emission standards for PMlPM IO (filterable and total); sulfur dioxide (S02); nitrogen 
oxides (NO,,); carbon monoxide (CO), mercury; and H2S04 by applicable reference 
methods, or by equivalent or alternative test methods specified in this permit or approved 
by the cabinet (and U.S.EP A, if required). 

4. Emission Units 01 and 02 shall be performance tested biannually (once every 24 months) 
for compliance with the emission standards for PMlPMJ() (filterable and total); mercury 
and H2S04 by applicable reference methods, or by equivalent or alternative test methods 
specified in this permit or approved by the cabinet (and U.S.EPA, if required). . . 

5. Emission Unit 01 or 02 shall be performance tested using Method 26A or by equivalent 
or alternative test methods approved by the cabinet to determine emissions of Hel. 
Results shall be used to confirm that emissions of Hazardous Air Pollutants are below 10 
tons per a single HAP and 25 tons per combined HAPs in a year. This testing will 
confirm that the requirements in 40 CFR 63 do not apply. 

6. Emission Units 03 (Auxiliary Boiler) shall be performance tested initially for compliance 
with the emission standards for PMIPMJO (filterable); nitrogen oxides (NO,,); and carbon 
monoxide (CO), by applicable reference methods, or by equivalent or alternative test 
methods specified in this permit or approved by the cabinet (and U.S.EPA, ifrequired). 

7. The maximum operating time for Emission Units 03 (Auxiliary Boiler) and emergency 
fire pump shall not exceed 500 hours each in any consecutive twelve months (401 KAR 
51:017). 

8. After the initial compliance test for Units Oland 02, and CEMS certification as stated in 
401 KAR 50:055, continuing compliance with the emission standards shall be determined 
by continuous monitoring systems for NOx, CO, Hg, and S02. 
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SECTION E .. SOURCE CONTROL EQUIPMENT REQUIREMENTS 

Pursuant to 401 KAR 50:055, Section 2(5), at all times, including periods of startup, shutdown 
and malfunction, owners and operators shall, to the extent practicable, maintain and operate any 
affected facility including associated air pollution control equipment in a manner>~onsistent with 
good air pollution control practice for minimizing emissions. Determination of whether 
acceptable operating and maintenance procedures are being used will be based on information 
available to the Division which may include, but is not limited to, monitoring results, opacity 
observations, review of operating and maintenance procedures, and inspection of the source. 

/ 
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SECTION F -. MONITORING, RECORDKEEPING, AND REPORTING 
REQUIREMENTS 

Pursuant to Section 1 b (IV) I of the Cabinet Provisions. and Procedures for Issuing Title V 
Permits incorporated by ·reference in 401 KAR 52:020,· Section 26, when continuing 
compliance is demonstrated by periodic testing or instrumental monitoring, the permittee 
shall compile records of required monitoring information that include: 

a. Date, place as defined in this permit, and time of sampling or measurements; 
b. Analyses performance dates; 
c. Company or entity that performed analyses; 
d. Analytical techniques or methods used; 
e. Analyses results; and 
f. Operating conditions during time of sampling or measurement. 

2. Records of all required monitoring data and support information, including calibrations, 
maintenance records, and original strip chart recordings, and copies of all reports required by 
the Division of Air Quality, shall be retained by the permittee for a period of five years and 
shall be made available for inspection upon request by any duly authorized representative of 
the Division of Air Quality [Sections 1 b(IV) 2 and 1 a(8) of the Cabinet Provisions and 
Procedures for Issuing Title V Permits incorporated by reference in 401 KAR 52:020, 
Section 26]. 

3. In accordance with the requirements of 401 KAR 52:020 Section 3(I)h the permittee shall 
allow authorized representatives of the Cabinet to perform the following during reasonable 
times: 

a. Enter upon the premises to inspect any facility, equipment (including air pollution 
control equipment), practice, or operation; 

b. To access and copy any records required by the permit: 
c. Sample or monitor, at reasonable times, substances or parameters to assure 

compliance with the permit or any applicable requirements. 
Reasonable times are defined as during all hours of operation, during normal office 
hours; or during an emergency. 

4. No person shall obstruct, hamper, or interfere with any Cabinet employee or authorized 
representative while in the process of carrying out official duties. Refusal of entry or access 
may constitute grounds for permit revocation and assessment of civil penalties. 

5. Summary reports of any monitoring required by this permit shall be submitted to the 
Regional Office listed on the front of this permit at least every six (6) months during the life 
of this permit, unless otherwise stated in this permit. For emission units that were still under 
construction or which had not commenced operation at the end of the 6-month period covered 
by the report and are subject to monitoring requirements in this permit, -the report shall indicate 
that no monitoring was performed during the previous six months because the emission unit was 
not in operation [Section 1 b (V ) 1 of the Cabinet Provisions and Procedures for Issuing Title 
V Permits incorporated by reference in 401 KAR 52:020, Section 26]. \ 
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SECTION F - MONITORING, RECORDKEEPING, AND REPORTING 
REQUIREMENTS (CONTINUED) 

6. The semi-annual reports are due by January 30th and July 30th of each year. All reports shall 
. be certified by a responsible official pursuant to 401 KAR 52:020 Section 23. If continuous 
I emission and opacity monitors are required by regulation· or this pennit, data shall be 
reported in accordance with the requirements of 401 KAR 59:005, General Provisions, 

. Section 3(3). All deviations from pennit requirements shall be clearly identified in the 
reports. 

7. In accordance with the provisions of 401 KAR 50:055, Section 1 the pennittee shall notify 
; the Regional Office listed on the front of this pennit concerning startups, shutdowns, or 
: malfunctions as follows: 

a. When emissions during any planned shutdowns and ensuing startups will exceed 
the standards, notification shall be made no later than three (3) days before the 
planned shutdown, or immediately following the decision to shut down, if the 
shutdown is due to events which could not have been foreseen three (3) days 
before the shutdown. 

b. When emissions due to malfunctions, unplanned shutdowns and ensuing startups 
are or may be in excess of the standards, notification shall be made as promptly as 
possible by telephone (or other electronic media) and shall be submitted in writing 
upon request. 

8. . The pennittee shall report emission related exceedances from penn it requirements including 
those attributed to upset conditions (other than emission exceedances covered by Section F.7. 
above) to the Regional Office listed .on the front of this pennit within 30 days. Deviations 

: from pennit requirements, including those previously reported under F.7 above, shall be 
. included in the semiannual report required by· F.6 [Section 1 b (V) 3, 4. of the Cabinet 
: Provisions and Procedures for Issuing Title V Permits incorporated by reference in 401 KAR 
.52:020, Section 26]. 

9. Pursuant to 401 KAR 52:020, Penn its, Section 21, the permittee shall annually certify 
compliance with the tenns and conditions contained in this permit, by completing and 
returning a Compliance Certification Fonn (DEP 7007CC) (or an alternative approved by the 
regional office) to the Regional Office listed on the front of this permit and the U.S. EPA in 
accordance with the following requirements: 

a. Identification of the tenn or condition; 
b. Compliance status of each term or condition of the permit; 
c. Whether compliance was continuous or intermittent; 
d. . The method used for detennining the compliance status for' the source, currently 

and over the reporting period. 
e. For an emissions unit that was still under construction or which has not commenced 

operation at the end of the 12-month period covered by the annual compliance 
certification, the permittee shaH indicate that the unit is under construction and that 
compliance' with any applicable requirements will be demonstrated within the 
timeframes specified in the pennit. 
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SECTION F - MONITORING, RECORDKEEPING, AND REPORTING 
REQUIREMENTS (CONTINUED) 

f. The certification shall be postmarked by January 30th of each year. Annual 
compliance certifications shall be mailed to the following addresses: 

Division of Air Quality 
Owensboro Regional Office 
3032 Alvey Park Drive 
Suite 700 
Owensboro, KY 42303 

Division of Air Quality 
Central Files 
803 Schenkel Lane 
Frankfort. KY 40601 

U.S. EPA Region 4 
Air Enforcement Branch 
Atlanta Federal Center 
61 Forsyth St. 
Atlanta, GA 30303-8960 

10. In accordance with 401 KAR 52:020, Section 22, the permittee shall provide the Division 
with all information necessary to determine its subject emissions within thirty (30) days of 
the date the KYEIS emission survey is mailed to the permittee. 

11. Results of performance testes) required by the permit shall be submitted to the Division by 
the sour.ce or its representative within forty-five days or sooner if required by an applicable 

/ standard, after the completion of the fieldwork. 
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SECTION G - GENERAL PROVISIONS 
(a) General Compliance ReQuirements 

1. The permittee shall comply with all conditions of this permit. Noncompliance shall be a 
violation of 401 KAR 52:020 and of the Clean Air Act and is grounds for enforcement 
action including but not limited to termination, revocation and reissuance, revision or 
denial of a permit [Section 1 a, 3 of the Cabinet Provisions and Procedures for Issuing 
Title V Permits incorporated by reference in 401 KAR 52:020 Section 26]. 

2. The filing of a request by the permittee for any permit revision, revocation, reissuance, or 
termination, or of a notification of a planned change or anticipated noncompliance, shall 
not stay any pennit condition [Section 1 a, 6 of the Cabinet Provisions and Procedures 
for Issuing Title V Permits incorporated by reference in 401 KAR 52:020, Section 26]. 

3. This pennit may be revised, revoked, reopened and reissued, or terminated for cause in 
accordance with 401 KAR 52:020, Section 19. The pennit will be reopened for cause 
and revised accordingly under the following circumstances: 
a. If additional applicable requirements become applicable to the source and the 

remaining pennit term is three (3) years or longer. In this case, the reopening 
shall be completed no later than eighteen (18) months after -promulgation of the 
applicable requirement. A reopening shall not be required if compliance with the 
applicable requirement is not required until after the date on which the pennit is 
due to expire, unless this pennit or any of its tenns and conditions have been 
extended pursuant to 401 KAR 52:020, Section 12; 

b. The Cabinet or the U. S. EPA detennines that the permit must be revised or 
revoked to assure compliance with the applicable requirements; 

c. The Cabinet or the U. S. EPA determines that the permit contains a material 
mistake or that inaccurate statements were made in establishing the emissions 
standards or other terms or conditions of the permit; 

d. If any additional applicable requirements of the Acid Rain Program become 
applicable to the source. 

Proceedings to reopen and reissue a pennit shall follow the same procedures as apply to 
initial permit issuance and shall affect only those parts of the permit for which cause to 
reopen exists. Reopenings shall be made as expeditiously as practicable. Reopenings 
shall not be initiated before a notice of intent to reopen is provided to the source by the 
Division, at least thirty (30) days in advance of the date the permit is to be reopened, 
except that the Division may provide a shorter time period in the case of an emergency. 

4. The permittee shall furnish infonnation upon request of the Cabinet to determine if cause 
exists for modifying, revoking and reissuing, or terminating the permit; or to determine 
compliance with the conditions of this permit [Section 1 a, 7,8 of the Cabinet Provisions 
and Procedures for Issuing Title V Permits incorporated by reference in 401 KAR 
52:020, Section 26]. 

5. The pennittee~ upon becoming aware that any relevant facts were omitted or incorrect 
infonnation was submitted in the permit application, shall promptly submit such facts or 
corrected information to the permitting authority [401 KAR 52:020, Section 7(1)]. 
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SECTION G - GENERAL PROVISIONS (CONTINUED) 

6. Any condition or portion of this permit which becomes suspended or is ruled invalid as a 
result of any legal or other action shall not invalidate any other portion or condition of 
this permit [Section 1 a, 14 of the Cabinet Provisions and Procedures for Issuing Title V 
Permits incorporated by reference in 401 KAR 52:020, Section 26]. 

7. The permittee shall not use as a defense in an enforcement action the contention that it 
would have been necessary to halt or reduce the permitted activity in order to maintain 
compliance [Section 1 a, 4 of the Cabinet Provisions and Procedures for Issuing Title V 
Permits incorporated by reference in 401 KAR 52:020, Section 26]. 

8. Except for requirements identified in this permit as state-origin requirements, all terms 
and conditions shall be enforceable by the United States Environmental Protection 
Agency· and citizens.[Section 1 a, 15 of the Cabinet Provisions and Procedures for 
Issuing Title V Permits incorporated by reference in 401 KAR 52:020, Section 26]. 

9. This permit shall be subject to suspension if the permittee fails to pay all emissions fees 
within 90 days after the date of notice as specified in 401 KAR 50:038, Section 3(6) 
[Section la, 10 of the Cabinet Provisions and Pr()cedures for Issuing Title V Permits 
incorporated by reference in 401 KAR 52:020, Section 26]. 

10. Nothing in this permit shall alter or affect the liability of the p~rmittee for any violation 
of applicable requirements prior to or at the time of permit issuance [401 KAR 52:020, 
Section 1 1 (3)(b)]. 

11. This permit does not convey property rights or exclusive privileges [Section 1 a, 9 of the 
Cabinet Provisions and Procedures for Issuing Title V Permits incorporated by reference 
in 401 KAR 52:020, Section 26]. 

12. Issuance of this permit does not relieve the permittee from the responsibility of obtaining 
any other permits, licenses, or approvals required by the Kentucky Cabinet for 
Environmental and Public Protection or any other federal, state, or local agency. 

13. Nothing in this permit shall alter or affect the authority of U.S. EPA to obtain information 
pursuant to Federal Statute 42 USC 7414, Inspections, monitoring, and entry [401 KAR 
52:020, Section Il(3)(d)]. 

14. Nothing in this permit shall alter or affect the authority of U.S. EPA to impose 
emergency orders pursuant to Federal Statute 42 USC 7603, Emergency orders [401 
KAR 52:020, Section II(3)(a)]. 

15. This permit consolidates the authority of any previously issued PSD, NSR, or Synthetic 
Minor source preconstruction permit terms and conditions for various emission units and 
incorporates all requirements of those existing permits into one single permit for this 
source. 
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SECTION G - GENERAL PROVISIONS (CONTINUED) 

I~. Pursuant to 401 KAR 52:020, Section 11, a permit shield shall not protect the pennittee 
from enforcement actions for violating an applicable requirement prior to or at the time of 
issuance. Compliance with the conditions of a permit shall be considered compliance 
with: 
a. Applicable requirements that are included and specifically identified in the permit 

and 
b. Non-applicable requirements expressly identified in this permit. 

17. Pursuant to 401 K.AR 50:045, Section 2, a source required to conduct ~ performance test 
shall submit a completed Compliance Test Protocol form, DEP form 6028, or a test 
protocol a source has developed for submission to other regulatory agencies, in a fonnat 
approved by the cabinet, to the Division's Frankfort Central Office a minimum' of sixty 
(60) days prior to the scheduled test date: Pursuant to 401 KAR 50:045, Section 7, the 
Division shall be notified of the actual test date at least Thirty (30) days prior to the test. 

(b) Pennit Expiration and Reapglication Requirements 

1. . This pennit shall remain in effect for a fixed term of five (5) years following the original 
date of issue. Permit expiration shall terminate the source's right to operate unless a 
timely and complete renewal application has been submitted to the Division at least six 
months prior to the expiration date of the permit. Upon a timely and complete submittal, 
the authorization to operate within the tenns and conditions of this permit, including any 
permit shield, shall remain in effect beyond the expiration date, until the renewal pennit 
is issued or denied by the Division [401 KAR 52:020, Section 12]. 

2. The authority to operate granted shall cease to apply if the source fails to submit 
additional infonnation requested by the Division after the completeness determination 
has been made on any application, by whatever deadline the Division sets [401 KAR 
52:020 Section 8(2)]. , . 

(c)' Pennit Revisions 

1. • A minor permit revision procedure may be used for pennit revisions involving the use of 
economic incentive, marketable permit, emission trading, and other similar approaches, 
to the extent that these minor permit revision procedures are explicitly provided for in the 
SIP or in applicable requirements and meet the relevant requirements of 401 KAR 
52:020, Section 14(2). 

2. . This permit is not transferable by the permittee. Future owners and operators ,shall obtain 
a new pennit from the Division of Air Quality. The new pennit may be processed as an 
administrative amendment if no other change in this pennit is necessary, and provided 
that a written agreement containing a specific date for transfer of permit responsibility 
coverage and liability between the current and new pennittee has been submitted to the 
pennitting authority within ten (10) days following the transfer. 
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SECTION G - GENERAL PROVISIONS (CONTINUED) 

(d) Construction. Start-Up. and Initial Compliance Demonstration Requirements 

Pursuant to a duly submitted application the Kentucky Division of Air Quality hereby 
authorizes the construction of the equipment described herein, Emissions Units 01 
through 11 in accordance with the terms and conditions of this permit 

1. Construction of any process and/or air pollution control equipment authorized by this 
permit shall be conducted and completed only in compliance with the conditions of this 
permit " 

2. Within thirty (30) days following commencement of construction and within fifteen (15) 
days following start-up and attainment of the maximum production rate specified in the 
permit application, or within fifteen (15) days following the issuance date of this permit, 
whichever is later, the permittee shall furnish to the Regional Office listed on the front of 
this permit in writing, with a copy to the Division's Frankfort Central Office, notification 
of the following: 
a. The date when construction commenced. 
b. The date of start-up of the affected facilities listed in'this permit. 
c. The' date when the maximum production rate specified in the permit application 

was achieved. ' 

3. Pursuant to 401 KAR 52:020, Section 3(2), unless construction is con1rnenced within 
eighteen (18) months after the permit is issued, or begins but is discontinued for a period 
of eighteen (18) months or is not completed within a reasonable timeframe then the 
construction and operating authority granted by this permit for those affected facilities for 
which construction was not completed shall immediately become invalid. Upon written 
request, the Cabinet may extend these tillie periods if the sourc~ shows good cause. 

4. For those affected facilities for which construction is authorized by this permit, a source 
shall be allowed to construct with the proposed permit. Operational or final permit 
approval is not granted by this permit until compliance with the applicable standards 
specified herein has been demonstrated pursuant to 401 KAR 50:055. If compliance is 

'not demonstraied within the prescribed timeframe provided in 401 KAR 50:055, the 
source shall operate thereafter only for the purpose of demonstrating compliance, unless 
otherwise authorized 'by Section I of this permit or order of the Cabinet 

5. This permit shall allow time for the initial start-up, 'operation, and compliance 
demonstration of the affected facilities listed herein. However, within sixty (60) days 
after achieving the maximum production rate at which the affected facilities will be 
operated but not later than 180 days after initial start-up of such facilities, the permittee 
shall conduct a performance demonstration or test on the affected facilities in accordance 
with 401 KAR 50:055, General compliance requirements. These performance tests must 
also be conducted in accordance with General ProvisionsG( d)7 of this permit and the 
permittee must furnish to the Division of Air Quality's Fninkfort Central Office a written 
report of the results of such performance test 
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SECTION G - GENERAL PROVISIONS (CONTINUED) 

6. Terms and conditions in this permit established pursuant to the construction authority of 
401 KAR· 51 :017 or 401 KAR 51 :052 shall not expire. 

7.' Pursuant to 401 KAR 50:045 Section 5 in order to demonstrate that a source is capable of 
complying with a standard at all times, a performance test shall be conducted under 
normal conditions that are representative of the source's operations and create the highest 
rate of emissions. If [When] the maximum production rate represents a source's highest 
emissions rate and a performance test is conducted at less than the maximum production 
rate, a source shall be limited to a production rate of no greater than 110 percent of the 
average production rate during the perfonnance tests. If and when the facility is capable 
of operation at the rate specified in the application, the source may retest to demonstrate 
compliance at the new production rate. The Division of Air Quality may waive these 
requirement on a case-by-case basis if the source demonstrates to the Division's 
satisfaction that the source is in compliance with all applicable requirements. 

( e) Acid Rain Program Requirements 

1. If an applicable requirement of Federal Statute 42 USC 7401 through 767lq (the Clean 
Air Act) is more stringent than an applicable requirement promulgated pursuant to 
Federal Statute 42 USC 7651 through 76510 (Title IV of the Act), both provisions shall 
apply, and both shall be state and federally enforceable. 

2. ' The source shall comply with all requirements and conditions of the Title IV, Acid Rain 
Permits issued for this source. The source shall also comply with all requirements of any 
revised or future acid rain pennit(s) issued to this source. 
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SECTION G - GENERAL PROVISIONS (CONTINUED) 

(f) Emergency Provisions 

1. Pursuant to 401 KAR 52:020 Section 24(1), an emergency shall constitute an affirmative 
defense to an action brought for the noncompliance with the technology-based emission 
limitations if the permittee demonstrates through properly signed contemporaneous 
operating logs or relevant evidence that: 
a. An emergency occurred and the permittee can identify the cause of the 

emergency; 
b. The permitted facility was at the time being properly operated; 
c. During an emergency, the permittee took all reasonable steps to minimize levels 

of emissions that exceeded the emissions standards or other requirements in the 
pennit; and 

d. Pursuant to 401 KAR 52:020, 401 KAR 50:055, and KRS 224.01-400, the 
pennittee notified the Division as promptly as possible and submitted written 
notice of the emergency to the Division when emission limitations were exceeded 
due to an emergency. The notice shall include a description of the emergency, 
steps taken to mitigate emissions, and corrective actions taken. 

e. This requirement does not relieve the source of other local, state. or federal 
,noti fication requirements. 

2. Emergency conditions listed in General Condition (t) 1 above are in addition to any 
emergency or upset provision(s) contained in an applicable requirement [401 KAR 
52:020, Section 24(3)]. 

3. In an enforcement proceeding, the permittee seeking to establish the occurrence of an 
emergency shall have the burden of proof [401 KAR 52:020, Section 24(2)]. 

(g) Risk Management Provisions 

1. The permittee shall comply with all applicable requirements of 401 KAR Chapter 68, 
Chemical Accident Prevention, which incorporates by reference 40 CFR Part 68, Risk 
Management Plan provisions. If required, the pennittee shall comply with the Risk 
Management Program and submit a Risk Management Plan to: 

RMP Reporting Center 
P.O. Box 1515 
Lanham-Seabrook, MD 20703-1515. 

2. If requested, submit additional relevant infonnation to the Division or the U.S. EPA. 
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SECTION G - GENERAL PROVISIONS (CONTINUED) 

(h) Ozone depleting substances 

I. ; The permittee shall comply with' the standards for recycling and emissions reduction 
pursuant to 40 CFR 82, Subpart F, except as provided for Motor Vehicle Air 
Conditioners (MV ACs) in Subpart B: ' 
a. Persons opening appliances for maintenance, service, repair, or disposal shall 

comply with the required practices contained in 40 CFR 82.156. 
b. Equipment used during the maintenance, service, repair, or disposal of appliances 

shall comply with the standards for recycling and recovery equipment contained 
in 40 CFR 82.158. 

c. Persons performing maintenance, service, repair, or disposal of appliances shall 
be certified by an approved technician certification program pursuant to 40 CFR 
82.161. . 

d. Persons disposing of small appliances, MY ACs, and MY AC-like appliances (as 
defined at 40 CPR 82.152) shall comply with the recordkeeping requirements 
pursuant to 40 CFR 82.166 

e. Persons owning commercial or industrial process refrigeration equipment shall 
comply with the leak repair requirements pursuant to 40 CFR 82.156. 

f. Owners/operators of appliances normally containing 50 or more pounds of 
refrigerant shall keep records of refrigerant purchased and added to such 
appliances pursuant to 40 CFR 82.166. 

2. , If the permittee performs service on motor (fleet) vehicle air conditioners containing 
ozone-depleting substances, the source shall comply with all applicable requirements as 
specified in 40 CFR 82, Subpart B, Servicing of Motor Vehicle Air Conditioners. 
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SECTION H - ALTERNATE OPERATING SCENARIOS 

Not Applicable 

SECTION I - COMPLIANCE SCHEDULE 

Not Applicable 
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SECTION J - ACID RAIN 

TITLE IV PHASE II ACID RAIN 

ACID RAIN PERMIT CONTENTS 

1) Statement of Basis 

2) S02 allowances allocated under this permit and NOx requirements for each 
affected unit. 

3) Comments, notes and justifications regarding permit decisions and changes made 
to the permit application forms during the review process, and any additional 
requirements or conditions. 

4) The permit application submitted for this source. The owners and operators of the 
source must comply with the standard requirements and special provisions set 
forth in the Phase II Application and the Phase II NOx Compliance Plan. 

5) Summary of Actions 

• : Statement of Basis: 

Statutory and Regulatory Authorities: In accordance with KRS 224.10-100 and Titles IV and 
V of the Clean Air Act, the Kentucky Environmental and Public Protection Cabinet, Division of 
Air Quality issues this permit pursuant to 401 KAR 52:020, Penn its, 401 KAR 52:060, Acid 
Rain Permit, and Federal Regulation 40 CFR 76. 
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PERMIT (Conditions) 

Plant Name: Cash Creek Generation Station 

Affected Unit: 01 - HRSG-I, 02 - HRSG-2 

1. S02 Allowance Allocations and NOx Requirements for the affected unit: 

S02 Allowances Year 

2006 2007 2008 2009 2010 

Tables 2, 3 or 4 of 0* 0* 0* 0* 0* 
40 CFR Part 73 

I NO, Requirements 

NOx Limits ( N/A** 

* For newly constructed units, there are no S02 allowances per USEP A AcId Rain 
Program 

** These units currently do not have applicable NOx limits set by 40 CFR, part 76. 
Limits will be set by 40 CFR 76 upon construction. 
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PERMIT (Conditions) 

2. Comments, Notes, and Justifications: 

The two (2) Integrated Combined Cycle Combustion Turbines with heat recovery steam 
generators, units Oland 02 will be constructed after the S02 allocation date; therefore 
these units will have no S02 allowances allocated by U.S. EPA and must obtain 
allowances. 

The two (2) Combined Cycle Combustion Turbines, units 01 and 02. do not have 
applicable NOx limits set by 40 CFR part 76. 

3. ,Permit Application: 
The Phase II Pennit Application is a part of this penn it and the source must comply with 
the standard requirements and special provisions set forth in the Phase II Application. 

4. Summary of Actions: 

Draft Title V with Acid Rain Penn it was advertised for public comments. 

Present Action: 

Proposed Title V pennit being issued with the Title IV pennit. 

," 



-
Permit Number: V-07-017 Page 53 of 53 

SECTION K - NOx BUDGET 

Statement of Basis 

Statutory and Regulatory Authorities: In accordance with KRS 224.10-100, the Kentucky 
Environmental and Public Protection Cabinet issues this permit pursuant to 401 KAR 52:020 
Title V permits, 401 KAR 51:210, CAIR NOx Annual Trading Program and 401 KAR 51:220, 
CAIR NOx Ozone Trading Program. 

NOx' Budget Permit Application, Form DEP 7007EE 

The CAIR Pennit application for these electrical generating units was submitted to the Division 
and received on May 4, 2006. Requirements contained in that application are hereby 
incorporated into and made part of this CAIR Permit. Pursuant to 401 KAR 52:020, Section 3, 
the source shall operate in compliance with those requirements. 

Comments, notes, justifications regarding permit decisions and changes made to the permit 
application forms during the review process, and any additional requirements or 
conditions. 

Affected units are two (2) combined cycle combustion turbine rated 2114 MMBtulhour and one 
278.8 mmBtuJhr auxiliary boiler. Each combustion turbine \unit has a capacity to generate 25 
megawatts or more of electricity, which is offered for sale. \ The combustion turbine units use 
syngas from coal and natural gas as a fuel source, and are used as electric generating units. The 
auxiliary boiler has a capacity greater than the 250 MMBtulhour, thus 401 KAR 51 :220 is 
applicable, however since it is not considered an Electric Generating Unit, 401 KAR 52:210 is 
not applicable .. 
Summary of Actions 

The CAIR Permit is being issued as part of the initial Title V permit for this source. Public, 
affected state, and U.S. EPA review will follow procedures specified in 401 KAR 52: 100. 



June 29, 2007 

VIA U.S. MAIL, EMAIL, AND HAND DELIVERY 

Jam'es Morse, Penn it Review 
Kentucky Environmental and Public Protection Cabinet 
Division for Air Quality 
803; Schenkel Lane 
Frankfort, KY 40601 

Re: . Public Comments on Draft Construction and Operating Permit V -07-017 for the Cash 
Creek Generating Station 

Dear Mr. Morse: 

We are writing to submit comments on the Draft PSDITitle V Permit for the proposed 
Cash Creek Generating Station, Permit No. V-07-01 7 (dated complete March 29,2007), on 
behalf of Sierra Club, Valley Watch, Inc., and the Environmental Law and Policy Center. These 
comments will be presented in written form in person at the public hearing to be held today, June 
29, in Kentucky by John Blair and/or Wallace McMullen (as Sierra Club representative), and 
ther~fore are timely-submitted pursuant to communications with John Lyons and yourself. 

For the reasons discussed below, the Kentucky Division of Air Quality ("KDAQ") must 
either deny the pennit or make substantial revisions to the current draft. If the agency revises the 
draft permit, the revised draft must then be re-noticed and the public must have a full and fair 
opportunity to comment and request a hearing on the revised draft. 

I. IF KDAQ PROCEEDS TO PROCESS THE PROPOSED DRAFT PERMIT, 
SIGNIFICANT REVISIONS ARE REQUIRED. 

a. KDAQ Must Conduct a BACT Analysis for Carbon Dioxide and Set an 
Emissions Limitation for Carbon Dioxide in the Proposed Permit. 

, \ 

Neither ERORA nor KDAQ addressed the carbon dioxide (C02) or other greenhouse 
gases to be emitted from the plant. Yet, the Cash Creek facility will be a significant emitter of 
greehhouse gas pollutants. Those emis&ions will contribute significantly to global warming and 
its adverse impacts on the health, welfare, economy and environment of the State of Kentucky, 
as w'ell as the planet as a whole. For these reasons, KDAQ should, and indeed must under the 
Clean Air Act and Kentucky law, conduct a full BACT analysis for C02. 

The federal Clean Air Act and Kentucky Air Quality Regulations prohibit the 
construction of a new major stationary source of air pollutants at the Cash Creek site except in 
accordance with a prevention of ~ignificant deterioration construction pennit issued by KDAQ. 
Clean Air Act § 165(a), 42 U.S.C. § 7475(a); 401 KAR 51 :017. KDAQ must conduct a BACT 
analysis and include in the construction permit BACT emission limitations "for each pollutant 



subject to regulation under [the Clean Air Act]" for which emissions exceed specified 
significance levels~ Clean Air Act, §§ 165(a), 169,42 U.S.C. §§ 7475(a), 7479; 401 KAR 
51:017. In 401 KAR 51:017, KDAQ adopted, largely verbatim, the Environmental Protection 
Agency's ("EPA") Prevention of Significant Deterioration regulations set forth at 40 C.F.R. § 
52.21. The EPA regulations provide that "[a] new major stationary source shall apply best 
available control technology for each regulated NSR pollutant that it would have the potential to 
emit in significant amounts." 40 C.F.R. § 52.21 (j)(l)(emphasis added); see also 401 KAR 51:017 
Section 8. They also define "regulated NSR pollutant" as including "any pollutant ... subject to 
regulation under the Act." Specifically, the regulation provides: 

. Regulated NSR pollutant, for purposes of this section, means the following: 
(i) Any pollutant for which a national ambient air quality standard has been 

promulgated and any constituents or precursors for such pollutants identified by the 
Administrator (e.g., volatile organic compounds are precursors for ozone); 

(ii) Any pollutant that is subject to anx standard promulgated under Section III 
of the Act; 

(iii) Any Class I or Class II substance subject to a standard promulgated under or 
established by title VI of the Act; or 

(iv) Any pollutant that otherwise is subject to regulation under the Act; except 
that any or aU hazardous air pollutants either listed in section 112 of the Act or added 
to. the list pursuant to section 112(b)(2) of the Act, which have not been delisted 
pursuant to' section 112(b )(3) of the Act, are not regulated NSR pollutants unless the 
listed hazardous air pollutant is also regulated as a constituent or precursor of a 
general pollutant listed under section 108 of the Act. 

40 C.F.R. § 52.21 (b)(50)(emphasis added); see also 401 KAR 51:001 Section 1(211). The 
statutory definition of BACT also makes clear that BACT requirements apply to all air pollutants 
subject to regulation under the Clean Air Act. The definition states: 

Best available control technology means an emissions limitation (including a 
visible emission standard) based on the maximum degree of reduction for each 
pollutant subject to regulation under Act which would be emitted from any 
proposed major stationary source or major modification which the Administrator, 
on a case-by-case basis, taking into account energy, environmental, and economic 
. impacts and other costs, determines is achievable for such source or modification 
through application of production processes or avait'able methods, systems, and 
techniques, including fuel cleaning or treatment or innovative fuel combustion 
techniques for control of such pollutant. 

42 U.S.C. 7479(3); see also 40 C.F.R. §'52.21(b)(l2), 401 KAR 51:001 Section 1(25). The 
BACT analysis review that KDAQ must conduct for each pollutant subject to regulation under 
the Clean Air Act must include a case specific review of relevant energy, envirorunental and 
economic considerations that is informed by detailed information submitted by the applicant. See 
42 U.S.C. § 7479(3); 40 C.F.R. 52.21(b)(12), (n). Based on its BACT review, KDAQ must set 
emission limitations in its permit. See 42 U.S.C. § 7479(3) (BACT means "an emission 
limitation"); 40 C.F.R. 52.21 (b)(l2)(same); 401 KAR 51:001 Section 1(25). 



It is undisputed that the Cash Creek project is subject to BACT requirements for a 
number of air pollutants for which emissions will exceed specified significance levels. See' Cash 
Cre~k Permit Application at 4.1 (Cash Creek will emit PMIPMIQ, S02, NOx, CO and H2S04 in 
significant amounts for PSDIBACT purposes); see also Statement of Basis, Title V Draft Pennit, 
No.V-07-017 (Apr. 30, 2007) at p.14. The proposed new facility clearly will result in carbon 
dioxide emissions in excess of any applicable BACT significance threshold. I See, e;g., 
Massachusetts Institute of Technology (2007), "The Future of Coal: options for a carbon
constrained world," ("M.I.T. Study") at p. 30, Table 3.5 (GE radiant cooled gasifier emits C02 at 
a rate of 415,983 kg/hr), Attachment 1.2 

" 

The proposed permit is subject to BACT requirements for carbon dioxide because carbon 
dioxide is an "air pollutant" subject to regulation under the Clean Air Act. Section 302(g) of the 
Clean Air Act defines "air pollutant" expansively to include "any physical, chemical, biological, 
radioactive ... substance or matter which is emitted into or otherwise enters into the ambient 
air.",42 U.S.C. § 7602(g)(emphasis added). In its April 2, 2007 opinion in Massachusetts v. 
EPA, the Supreme Court held that carbon dioxide and other greenhouse gases are air pollutants 
as defined in § 302(g), 42 U.S.C. § 7602(g). 127 S. Ct. at 1459-60. The Court based its holding 
on the "unambiguous" language of the definition. Id. at 1460. The Court further held that 
because carbon dioxide is within the Clean Air Act's definition of "air pollutant," EPA has the 
authority to regulate carbon dioxide under the Act. Id. at 1462. The Massachusetts v. EPA 
decision dispensed with any uncertainty whether carbon dioxide is an "air pollutant" under the 
Clean Air Act. 3 

, 

Carbon Dioxide is "subject to regulation" under a number of the Clean Air Act's 
substantive provisions. These provisions include Section 202, which requires standards 
applicable to emissions of "any air pollutant" from motor vehicles, and Section 111 4

, which 
requires standards of performance for emissions of "air pollutants" from new stationary sources. 
42lJ.S.C. §§ 7411, 7521. While EPA and the States have not yet established limits under those 
Clean Air Act provisions, they have the clear statutory authority to do so. Therefore, carbon 
dioxide is undeniably "subject to regulation" under the Act. The plain meaning of Section 
165(a)(4) of the Clean Air Act's mandate that BACT applies to "each pollutant subject to 
regulation under [the Clean Air Act]" extends not only to air pollutants for which the Act itself 
or EPA or the States by regulation have imposed'requirements, but also to air pollutants for 
which EPA and the States possess but have not exercised authority to impose such requirements. 
Reg~lation under Sections 202 and 111 is required where air pollution "may reasonably be 

I Section 52.21 (b)(23)(i), 40 C.F.R., does not set forth a significance level for carbon dioxide. Therefore, pursuant to 
40 C.F .R. § 52.21 (b )(23 )(ii), any emissions of carbon dioxide are significant. 

The Attachment consists of Chapter 3, "Coal-based Electricity Generation." The full text rep,ort is available at 
web.mit.edulcoalrrhe _Future _ oC Coal.pdf 
3 EPA's then general counsel, Jonathan Z. Cannon, opined in 1998 that carbon dioxide is within the Clean Air Act's 
definition of "air pollutant" and that EPA has the authority'to regulate carbon dioxide. More recently, however, EPA 
has advanced a contrary interpretation that is contrary to the plain language of Section 302(g) and the Massachusetts 
v. EPA opinion. 
4 A challenge to EPA's failure to establish emission limits for carbon dioxide emissions from power plants under 
Section III of the Clean Air Act is pending before the United States Court of Appeals for the District of Columbia 
Circuit. State of New York, et al. v. EPA, No. 06-1322. EPA refused to establish such emission limits' solely on the 
ground that EPA lacked the authority to regulate carbon dioxide under the Clean Air Act. Based on Massachusetts v. 
EPA, petitioners, on May 2, 2007, asked the Court of Appeals to vacate EPA's determination that it lacks authority 
to regulate carbon dioxide emissions under Section Ill, and to remand the matter to EPA for further proceedings 
consistent with the Massachusetts v. EPA decision. 



anticipated to endanger public health or welfare." 42 U.S.C. § 741I(b)(I)(A); 42 U.S.C. § 
7521(a)(I).The Supreme Court's holding in Massachusetts v. EPA dispensed with any 
uncertainty whether EPA and the States have the authority to take action to control carbon 
dioxide emissions under Sections 202 and III. 

The Massachusetts v. EPA case specifically involved a challenge to EPA's failure to 
prescribe regulations on carbon dioxide emissions from -motor vehicles under Section 202 of the 
Clean Air Act. The Court held that EPA has the authority to issue such regulations, and rejected 
the excuses advanced by EPA for failing to do so. 127 S. Ct. at 1459-63. Following the Court's 
decision, the President, in a May 14,2007 Executive Order, acknowledged EPA's authority to 
regulate emissions of greenhouse gases, including carbon dioxide from motor vehicles, nonroad 
vehicles and nonroad engines under the Clean Air Act. The Executive Order directs EPA to 
coordinate with other federal agencies.in undertaking such regulatory action. 

, Moreover, in addition to being subject to regulation under sections III and 202 of the 
Act, carbon dioxide is currently regulated under Section 821 of the Clean Air Act Amendments 
of 1990. That section required EPA to promulgate, within 18 months after enactment of the 
Amendments, regulations to require certain sources, including coal-fired electric generating 
stations, to monitor carbon dioxide emissions and report monitoring data to EPA .. 42 U.S.C. § 
7651k note. In 1993 EPA promulgated such regulations, which are set forth at 40 C.F.R. Part 75. 
The regulations generally require monitoring of carbon dioxide emissions through installation, 
certification, operation and maintenance of a continuous emission monitoring system or an 
alternative method (40 C.F.R~ §§ 75..1 (b), 75.10(a)(3)); preparation and maintenance ofa 
monitoring plan (40 C.F.R. § 75.33); maintenance of certain records (40 C.F.R. § 75.57); and 
reporting of certain infonnation to- EP A, including electronic quarterly reports of carbon dioxide 
emissions data (40 C.F.R. §§ 75.60 - 64). Section 75.5, 40 C.F.R., prohibits operation of an 
affected source in the absence of compliance with the substantive requirements of Part 75, and 
provides that a-violation of any requirement of Part 75 is a violation of the Clean Air Act. s 

EPA and the State's regulations cited above echo the mandate of Section 165(a)(4) of the 
Clean Air Act that BACT applies not only to pollutants for which regulatory requirements have 
been imposed, but also to air pollutants for which EPA and the States possess but have not 
exercised authority to impose regulatory requirements.6 The regulations provide that BACT 
applies not only to air pollutants for which there are national ambient air quality standards under 
Section 109 of the Act, standards of perfonnance for new s'ources under Section 111 of the Act, 
or standards under or established by Title VI of the Act (relating to acid deposition control), but 
also to "[a]ny pollutant that is otherwise subject to regulation under the Act." 40 C.F.R. § 
52.21(b)(50). Carbon dioxide is an airpollut~nt subject to regulation under the Clean Air Actfor 

. which KDAQ must comply with BACT requirements. 

5 The Kentucky Air Quality Regulations have adopted the carbon dioxide monitoring requirements of 40 C.F.R. Part 
75.401' KAR 52:060 Section 2(d) (Acid Rain Pennits); 401 KAR 51 :160 (NOx requirements for large utility and 
indust'rial boilers); 401 KAR 51:210 and 220 (CAIR NOx trading program). 
!> Indeed, EPA and KDAQ lack the authority to promulgate regulations diluting the mandate of Section 165(a)(4) of 
the Clean Air Act 



The proposed permit for the Cash Creek project does not contain a BACT emissions 
limitation for carbon dioxide. KDAQ has not conducted a BACT analysis for carbon dioxide. 
KDAQ has made no effort to identify or evaluate available "production processes or available 
met~ods, systems and techniques for control of carbon dioxide." See 40 C.F.R. § 52.21. KDAQ 
has failed to do so. KDAQ conducted and ERORA in its permit application submitted no BACT 
analysis for carbon dioxide. 

KDAQ's failure to conduct a BACT analysis for carbon dioxide and establish an 
emission limitation for carbon dioxide ,must be rectified before KDAQ may lawfully issue a 
permit for the Cash Creel project. Such analysis must necessarily include all operations planned 
at the site. It appears that ERORA has not provided KDAQ relevant information as part of its 
pennit application sufficient to allow KDAQ to conduct the required analysis. If KDAQ declines 
to deny the requested permit at this time, KDAQ should request ERORA to provide it with all 
information necessary to conduct a BACT analysis for carbon dioxide, conduct the required 
BACT analysis, and issue a revised proposed permit containing the required carbon dioxide 
BACT emission limitation. 

i. The C02 BACT ·analysis must consider capture and sequestration. 

ERORA must evaluate as BACT for Cash Creek add-on technologies to capture and 
sequester the greenhouse gas emissions. The U.S. Department of Energy is the primary federal 
agency working on research and development of C02 capture and sequestration technologies, 
and thus information on carbon capture and sequestration technologies is available on the U.S. 
DOE website.7 

Capture. The International Panel on Climate Change ("IPCC") issued a report in 2005 discussing 
the main options currently available to capture C02 from fossil fuel-fired power plants, including 
pre-combustion capture used at IGCC facilities. 8 According to the IPCC, commercial C02 
capture systems installed on IGCC facilities can reduce CO2 emissions by 90% per kilowatt
hour. 9 C02 capture systems are available today and have been applied to several small power 
plants. 10 KDAQ must require ERORA to evaluate the available CO2 capture systems and to 
evaluate such C02 control systems at the proposed IGCC facility in a proper top-down BACT 
process focused on maximum reduction of C02. ERORA has clearly been evaluating these 
technologies, as the Cash Creek facility will utilize the Selexol process for sulfur dioxide 
removal, a process which can also be used to separate carbon dioxide from flue gas. See, e.g., 

, 11 
M.I.T. study at p. 34. 

7 See http://www.fossil.energy.gov/programslsequestrationlcapture/. 
82005 IPCC Special Report on Carbon dioxide Capture and Storage, Technical Summary, at 25. See also Chapter 3' 
of this report. (Both the Technical Summary and Chapter 3 are included as Attachment 2; entire document is 
available at http://arch.rivm.nl/env/intlipcc/pages_medialSRCCS
final/IPCCSpeciaIReportonCarbondioxideCaptureandStorage.htm). 
'lId. at 107 (Chapter 3). 
10 Id.' 
II Both ERORA and KDAQ completely omitted Selexol's significance for capture of carbon dioxide from the Cash 
Cree~ BACT analyses. The BACT analyses instead discuss only the process' ability to remove sulfur dioxide as its 
main ,function, as well as regeneration of solvent and production of wastewater steam under the heading 
"Env!ronmental Evaluation." Cash Creek Application at 4.6.8.3. 



Sequestration. Nor has ERORA submitted any evaluation of the potential for transporting and 
sequestering carbon, such as through injection to enhance recovery of oil and gas from sites 
nearby the proposed Owensboro location or the construction of a pipeline for injection to other 
appropriate sites. 

ii. The C02 BACT analysis must set a stringent output-based standard. 

Carbon dioxide emissions are directly related to the amount of coal burned. Because electric 
generating plants are planned and operated -to provide a specific amount of electricity, the more 
coal (or syngas) burned to produce a megawatt of electricity, the more carbon dioxide emitted. 
Similarly, the less coal burned the lower the emissions of regulated pollutants. In the top-down 
BACT analysis for each regulated pollutant IEP A must consider output based limits. In short, 
more efficiency electrical generation must be considered in a BACT detennination because it is a 
"production process[] and available method[], system[] and technique[] ... for control of each 
pollutant." 42 U.S.C. § 7479(3). 

As part of the new NSPS standards USEP A adopted output-based standards as a step towards 
minimizing inefficient and unnecessarily polluting boilers. In the analysis for the new NSPS 
standards USEPA identified that boiler efficiency can vary enormously. 12 The following table 
from that' same memo and identified as Table 2 describes the range of efficiencies: 

Table 2: EIA 2003 Annual Efficiency Values 

Percent of l;nits Opernting at Net Em('ie))~' 
or Aboye Gross Effic.iency 
To~ 100/0 35.00/0 
Top 20~/o- 34.0%' 
Top 250/0 33.60/0 
Top_33% 33.2~/0 

Top 500/0 32.00/0 

USEPA further explained that the highest efficiency subbituminous, bituminous, and lignite 
facilities are 43,38,37 percent respectively. In a paper presented by three USEPA combustion 
experts at the 2005 Pittsburgh Coal Conference they detailed the enormous difference in the 
efficiency (i.e., the C02 emissions per ton of coal burned) between sub-critical, super-critical, 
ultra-supercritical and IGCC coal plants. 13 Following is Table 2 from that paper: 

12 See Memo from Christian Fellner USEPA to Utility, Industrial and Commercial NSPS File, Gross Efficiency of 
New Units (February 2005). 
13 See Sikander Khan et ai, Environmental Impact Comparisons IGCC vs. PC Plants (Sept. 2005). 
Available at: 
http://e fpub.epa.gov/sil osp _ scieneedisplay .cfm ?dirEntry ID= 139864&ActType=project&kwords=Waste 
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To minimize the emissions of carbon dioxide KDAQ should insert a pennit provision requiring 
the project proponent to maintain a net thennal efficiency at or above 41 percent, or set an 
emission rate limit in pounds per MWh that is based on 41 % efficiency. Such a tenn would 
minimize both the emissions of regulated pollutants and the collateral emissions of carbon 
dioxide. . 

b. The Pennit Must Ensure that the Facility Will Not Emit Carbon Dioxide at Such 
Quantities or Duration as to be Hannful to the Health and Welfare of Humans, 
Animals and Plants. 

Carbon dioxide emissions and ensuing global wanning effects clearly pose a threat to the 
health and welfare of humans, animals, and plants. The pennit thus must ensure that emissions of 
carbon dioxide from the proposed facility are adequately controlled to avoid such impacts, 
pursuant to 401 KAR 63:020, "Potentially Hazardous Matter or Toxic Substances." Neither the 
applicant nor KDAQ complied with this requirement by considering the impacts of carbon 
dioxide from the Cash Creek project. See App. Section 8; Statement of Basis p. 12 of 51. 

As the pennit states, the proposed project is subject to 401 KAR 63:020. Pennit at pp. 2 
and 12 of 51. The regulation defines "potentially hazardous matter or toxic substances" as 
"matter which may be hannful to the health and welfare of humans, animals, and plants, 
including, but not limited to, antimony, arsenic, bismuth, lead, silica, tin, and_ compounds of such 
materials." Id. at Section 2(2) (emphasis added). According to the American Heritage Dictionary, 



"matter" is "[s]omething that has mass and exists as a solid, liquid, gas, or plasma.,·14 Carbon 
dioxide clearly fits this definition. Furthermore, there can be no doubt that carbon dioxide 
emissions and the ensuing acceleration of global warming pose serious danger to humans and the 

. environment. The U.S. EPA has concluded that "[a] few degrees of warming increases the 
chances of more frequent and severe heat waves, which can cause more heat-related death and 
illness," 1 S as well as "more frequent droughts, ... greater rainfall, and possibl[ e] change[ s in] the 
strength of storms." 16 These are only a few of the threats posed by global warming. 

The IPCC identifies the following, impacts as either "likely" or "very likely" to occur as 
C02 concentrations in the atmosphere increase: 

• Higher maximum temperatures over most land areas; 
• Higher maximum temperatures and more hot days over nearly all land areas; 
• Higher minimum temperatures and fewer cold days and frost days over nearly all land 

areas; 
• Reduced diurnal temperature range over most land areas; 
• More intense precipitation events over many areas; and 
• Increased summer dry conditions and associated risk of drought ove~ most midlatitude 

continents. 17 " 

The extent of negative global warming impacts will depend on the amount of C02 emitted into 
the atmosphere. However, the fact of those negative impacts is certain. The National Academies 
of Science, in the report "Climate Change Science" (2001), found that the "risk [to human 
welfare and ecosystems] increases with increases in both the rate and the magnitude of climate 
change,.,,)g Simply put, the more C02 humans release into the atmosphere, the more serious the 
impacts on the environment. ' 

In 2001, the U.S. Global Change Research Program released Climate Change Impacts on 
the United States: The Potential Consequences o/Climate Variability and Change (National 
Assessment) predicting effects of climate change for each region in the U.S. 19 The report was 
authored by scientists fron:t the U,S. Geological Survey, USDA Forest Service, and numerous 
universities across the nation. The National Assessment shows that "the changes in the simulated 
heat index for the Southeast [including Kentucky] are the most dramatic in the nation." National 
Assessment Overview, p. 48. With the increased heat, air pollution is also likely to worsen. 20 

"Without strict attention to regional emissions of air pollutants, the undesirable combination of 
extreme heat and unhealthy air quality is likely to result." National Assessment Overview, p. 55. 

14 "matter." (n.d.). The American Heritage® Dictionary of the English Language. rOllrth Edition. Retrieved June 08, 
2007, from Dictionary.com website: http://dictionary.reference.comlbrowse/matter 
IS u.s. EPA, climate change website, 'last updated on April 6, 2001, 
http://www.epa.gov/globalwarminglfaqlfundamentalslhtml 
16 U.S: EPA, climate change website, last updated on April 6, 2001, 
http://www .epa.gov/global warmi nglfaq/moredetaillhtml ' 
17 International Panel on Climate Change, Climate Change 2007: The Physical Science Basis. Summary for Policy 
Makers, hereinafter IPCC 2007 (attached and available at www.ipcc.ch) 
!8 Committee on the Science of Climate Change, National Research Council. "Climate Change Science: An Analysis 
of Some Key Questions," National Academies Press (2001) 
19 National Assessment Synthesis Team (2000), available at http://globalchange.gov/pubs/nast_2000.html 
20 IPCC, Third Assessment Report, "Climate Change 2001: lmpacts, Adaptation, and Vulnerability," p. 764, 
available at http://www.grida.no/climate/ipcc_tar/ 



In other words, harmful air quality will accompany the heat increases predicted for Kentucky as 
a re~ult of global warming. 

According to the National Assessment, effects on Kentucky, as with the rest of the 
Southeast, are expected to be significant in tenns of human health: "of concern ... are the effects 
that elevated surface temperatures have on human health as a result of prolonged or persistent 
periods of excessive summertime hefit events coupled with droughty conditions." National 
Ass~ssment, p. 146.21 Heat is not the only expected cause of health problems in Kentucky's 
regipn. Decreases in water quality are also expected, and "effects on surface waters of changes in 
precipitation have important health implications in the region. Increased precipitation promotes 
the transportation of bacteria as well as other pathogens and contaminants by surface waters 
throughout the region." Id. at p. 159. Unless releases of global warming pollution are curbed and 
then significantly decreased, global warming pollution will pose significant threats to the health, 
welfare, and economy of Kentucky. 

Thus, KDAQ must make an individualized determination as to the proposed project's 
carbon dioxide emission potential and the adequacy of controls and/or procedures for controlling 
carbon dioxide pursuant to 401 KAR 63:020. The agency must do its part to prevent these dire 
health and environmental threats by prohibiting, or at a minimum mitigating, the 3~4,000,000 
tons of C02 pollution that would result from the proposed project annually. Said another way, 
.this project would add the carbon emissions from adding approximately 500,000 cars per year 
for each of the" next fifty years.22 " " 

, In light of the serious adverse impacts of carbon dioxide emissions on human health and 
welfare, property, and the environment, KDAQ cannot lawfully refuse to exercise its authority 
401 KAR 63 :020 to eliminate or limit carbon dioxide emissions in taking action on the proposed 
Cash Creek project permit. Indeed, the Supreme Court in Massachusetts v. EPA, even without 
the benefit of the most recent IPCC Reports, noted that the "[t]he harms associated with climate 
change are serious and well recognized." 127 S. Ct. at 1455. The Supreme Court also 
ackrlowledged "the enormity of the potential consequences associated with man-made climate 
change." Id. at 1458. The Massachusetts v. EPA decision makes clear that KDAQ may rely on 
401 KAR 63:020 to eliminate or limit carbon dioxide emissions from the Cash Creek permit. 

c. The BACT Limits are Not Supported. 

i. Combustion Turbine versus Gasifier Heat Input 

As a general matter, the permit record does not adequately document how the numeric limits 
were determined. The permit sets limits based on heat input to the combustion turbine. See SOB 
at Table 4-13; Permit at pp. 3-4 of 51. The application proposes limits based on heat input to the 
gasifier. App. Section 4. The SOB does not provide any background information on or 
calculations showing how KDAQ converted the (gasifier-heat input limits to combustion turbine
heat input limits. 

ii. Cleaner Fuels 

:! I Chapter 5, "Potential Consequences of Climate Variability and Change for the Southeastern United States" 
22 See EPA Office of Air and Radiation. Fact~heet EPA420-F-OO-013 "Average Annual Emissions and Fuel 
Consumption for Passenger Cars and Light Trucks: Emission Facts. 



Cleaner Fuels. BACT explicitly requires a comprehensive analysis of control options that results 
in "an emission limitation based on the maximum degree of reduction of each pollutant subject. 
to regulation [under the PSD program] ... achievable for [a] facility through .. .fuel cleaning [and] 
clean fuels .. . " 42 U.S.C. § 7479(3) (emphases added). In other words, "the 1990 Clean Air Act 
amendments ... expressly require consideration of clean fuels in selecting BACT" and the EPA 
considers clean fuels as "an available means of reducing emissions to be considered along with 
other approaches to identifying BACT level controls." In re: Inter-Power of New York, Inc., 
1994 EPA App. LEXIS 33,40,5 E.A.D. 130, 134 (E.A.B. 1994)23. Longstanding EPA policy 
with regard to BACT has "required that-a permit writer examine the inherent cleanliness of the 
fuel." Inter-Power at 134. KDAQ's policy likewise is to consider the use of clean fuels in BACT 
determinations. See Andrews Dep. taken in Sierra Club, et al. v. EPPC, File No. DAQ-27602-
.042, Pennit No. V -02-043 R2, at pp.39, cited in Petitioners' Memorandum In Support of Motion 
for Summary Judgment On Counts 2, 4, 5, 7, 8, 10, 11, 12, 15, 16, 17, 18, 24, and 25, submitted 

O 24 Sept. 1, 20 6. 

The permit contains separate NOx limits for firing natural gas versus syngas. See below, NOx 
BACT, for comments on natural gas andNOx BACT. 

An available clean fuel that has received no discussion in the agency's top-down BACT analysis 
is biomass. Co-firing biomass at an IGCC plant can result in lower emissions of NOx, S02, and 
PMIPMIO. 25 

,There are numerous examples of coal plants co-firing biomass that should be considered in the 
top-down BACT analysis. For example, the St. Paul'heating plant bums approximately sixty. 
percent biomass and forty percent coal. 26 The biomass is primarily waste wood from tree 
trimmings in the Twin Cities and other industrial activities. The Xcel Bay Point power plant in 
Ashland, Wisconsin, also bums large amounts of wood waste, consisting primarily of saw dust. 
Burning biomass also is consistent with Governor Fletcher's recent commitment to expand the 
use of biofuels. 

The U.S. Department of Energy has urged federal facility managers to consider co-firing up to 
20 percent biomass in existing coal-fired boilers. 27 In the Netherlands, the four electricity 
generation companies (EPON, EPZ, EZH and UNA) have all developed plans to modify their 
conventional coal fired installations to accommodate woody biomass as a co-fuel.28 The types of 
available biomass include wood wastes, agricultural waste, switchgrass and prairie grasses. 29 

23 "The phrase 'clean fuels' was added to the definition of HACf in the 1990 Clean Air Act amendments. EPA 
described the amendment to add 'clean fuels' to the definition of BACf at the time the Act passed, 'as *** 
codifying its present practice. which holds that clean fuels are an available means of reducing emissions to be 
considered along with other . 
24 "[fuel cleaning and/or clean fuels are] just part of the BACf analysis." 
25 See, e.g., Tampa Electric Company, "Biomass Test Bum Report Polk Power Station Unit I," (Apr. 2002) at p. 10 
(showing lower NOx and S02 emissions for biomass test bum periods versus baseline), available at 
hltp:llwww.treepower.orglcofiringlmain.html. As KY measures PMIPM10 to include condensable PM, then a 
reduction in NOX and S02 would be a reduction in PMlPM10 also. 
26 http://www.districtenergy.com! 
27 http://wwwl.eere.energy.gov/biomasslpdfs/33811.pdf . 
28 http://www.eeci.netlarchivelbiobaseIBI0252.html 
29 http://www .nsf.gov/newslnews _ summ.jsp?cntn _id= 1 08206 



iii. PM BACT 

The permit sets a limit for filterable PMlPMJO of 0.0085 IblMMBtu and a limit for total 
particulatelPMIO of 0.0217 Ib/MMBtu. Permit at p. 4 of 51. 

Averaging Time. As an initial matter, these limits lack an averaging time. The application 
proposes a 3-hour averaging time. App. at p. 4-36. This averaging time should be included in the 
pe~it. 

Basis for Total PM/PMIO Limit. The proposed filterable PM limit is nearly identical to the 
filterable ·PM limit in the final PSD pennit for the EKPC Spurlock 4 CFB unit. However, the 
proposed total PM limit here is higher than the total PM limit for the Spurlock 4 facility (0.012 
IbIMMBtu). The applicant does not provide a total PM limit that includes condensable 
particulate matter, but instead discusses condensable matter from IGCC technology and proposed 
a method for establishing a total PMIO limit based on actual operating data. App. at 4-37. KDAQ 
included a numeric total particulatelPMlo pennit limit of 0.0217IbIMMBtu30

, but failed to 
provide the basis for this limit in the Statement of Basis. KDAQ must explain how it determined 
the PMIPMIO Total limit. 

Combination/Post-Combustion Controls. The PM BACT analysis fails to consider post
combustion controls in combination with pre-combustion IGCC wet syngas scrubbing. Contrary 
to the applicant's assertion, BACT does not automatically allow the rejection of all technologies 
other than the single control associated with "highest removals" selected by the applicant. See, 
e.g.,;App. at 4-34 and 4-38. Rather, combinations of controls must be considered. Considering 
only a single control option is both in conflict with the definition of BACT and with common 
practice. The definition of BACT uses the plural for control options that must be analyzed 
towards achieving the "maximum degree ofreduction ... achievable" (BACT is based on 
,"app,lication of production processes or available methods, systems, and techniques.") Nowhere 
ldoes the definition of BACT allow the selection of a single control option to the exclusion of all 
others. Rather, available control options are only rejected in a top-down analysis process. The 
EAB has held numerous times that BACT must reflect an assessment of all available options to 
achi~ve the maximum degree of reduction of each pollutant subject to regulation, and should not 
be limited to a comparative assessment of add-on controls.31 In addition, permits in practice set 
BACT limits based on use of several control options. In fact, the applicant itself proposed, and 
KDAQ accepted, a NOx BACT limit based on use of combustion control (diluent injection) and 
post-combustion control (SCR). See App. at pp. 4-57 to 4-59; SOB at p. 26; Permit at p. 3 of 51. 

The applicant mentions several post-combustion PM control technologies, but provides neither 
technical nor economic reasons justifying why post-combustion PM control in combination with 
pre-combustion IGCC wet syngas scrubbing does not constitute BACT. KDAQ must deny the 

.30 Se~, e.g., SOB at p. 19 (discussing PMlPMIO (filterable) Iimit'ofO.0063 Ib/MMBtu) and 26 (PMlPMlO Total 
limit of 0.0217 Ib/MMBtu). 
31 See In re Knauf Fiber Glass, Gmbh, 8 E.A.D. 121,129 (EAB 1999) (KnaufJ) (citing NSR Manual at 8.10, B.13); 
In re Old Dominion Elec. Coop., 3 E.A.D. 779 (EAB 1992); Inter-Power of New York, 5 E.A.D. at 135-136; In re 
CertainTeed Corp., 1 E.A.D. 743 (EAB 1982) at 2-5. ' 
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permit and request that the applicant provide such justification in a proper top-down BACT 
analysis or propose new PM limits reflecting the use of post-combustion controls in addition to 
pre-combustion wet syngas scrubbing. 

PM2.5 BACT. The Draft Permit does not include a BACT limit for PM2.5 emissions. Nor does it 
appear that KDAQ even considered such a limit. This is unlawful and must be corrected before a 
PSD permit can issue. The federal PSD program requires a BACT limit "for each pollutant 
subject to regulation under the Act that it would have the potential to emit in significant 
amounts." 40 C.F.R. § 52.2IU)(2). PM2.5 is "a pollutant subject to regulation under the Act" 
because EPA established a NAAQS for PM2.5 in 1997.62 Fed. Reg. 38711; 40 C.F.R. § 50.7. 
Moreover, PM2.5 will be emitted from this facility in a "significant" amount because it will be 
emitted at "any emission rate." 40 C.F.R. § 52.21(b)(23)(ii). For these reasons a BACT limit for 
PM2.5 is required. 42 U.S.C. § 7475(a)(4); 40 C.F.R. § 52.21U). Nevertheless, the Draft Permit 
does not contain a BACT limit for PM2.5 emissions. This is a deficiency that must be corrected 
before a final PSD, permit can issue. 

Weare aware that EPA issued guidance providing that sources would be allowed to use 
implementation of a PMIO program as a surrogate for meeting PM2.5 NSR requirements. John 
Seitz, "Interim Implementation for the New Source Review Requirements for PM[2.5]," 
(October 23, 1997). The purpose of that guidance was to provide time for the development of 
necessary tools to calculate the emissions of PM2.5 and related precursors, adequate modeling 
techniques to project ambient impacts, and PM2.5 monitoring sites. 70 Fed. Reg. 65984,66043 
(Nov. 1,2005). It does not propose, hoW'ever, to substitute PMIO BACT as a PM2.5 BACT. 
Furthermore, EPA has resolved 'most of-the modeling and ambient air impaqt analysis issues 
underlying the memo. Id. More importantly, the guidance memo clearly contravenes the law. 
In order to protect public health and the environment, the regulations must be implemented as 
written. 

PM CEMS. The permit is required to have Compliance Assurance Monitoring for PMIO, as the 
facility will emit dver 100 tpy pfthe pollutant. See 40 CFR Part 64. The draft permit, however, 
makes no mention of CAM for PMI0. This omission must be remedied. 

In 2004, EPA promulgated final performance specifications, PS-ll, for installation, operation, 
maintenance, and quality assurance of continuous particulate matter emission monitoring 
systems (PM-CEMS). Since the PSD program is supposed to be technology forcing, requiring a 
PM-CEMS to ensure compliance with the PM pennit limits would be consistent with that goal. 
Moreover, utilities can emit large amounts of particulate matter when pollution sources and/or 
control devices are not functioning properly and PM-CEMS can help identify such compliance 
issues.32 KDAQ recently required the use of a PM CEMS in the PSD permit for the EKPC 
Spurlock 4 CFB project. There is extensive experience of PM CEMS on coal plants as a result of 
numerous NSR settlements around the country. We urge KDAQ to require the use ofa PM 
CEMS and that a PM CEMS is required for determining compliance with the permifs PM 
filterable limit. 

32 See USEP A Region 7 Sunflower PSD Comments. 



Bulk Handling, Storage, Processing and Loadout Operations. The top-down BACT analysis 
must start with the limits that agencies have required in other permits, including the limit of no 
greater than 0.005 grains/dry standard cubic foot and no visible emissions, based on the permit 
the Illinois Environmental Protection Agency issued for the proposed Indeck-Elwood facility. 
See Indeck Permit at p. 27, Attachment 3. In contrast to these acceptable BACT limits, KDAQ 
failed to include an emission limitation for Unit 7 ( coal pile). Permit at p. 25 of 51. Instead, the 
appI'icant and agency rely solely on use of certain controls and cite an approximate expected 
removal efficiency. BACT is an emission limitation. Controls like baghouses and methods such 
as "compaction" and "water suppression control methods" therefore do not constitute BACT, but 
are descriptions of how a source might reach a BACT limit. The permit should include numeric 
limits on material handling emissions like those in Indeck-Elwood. In addition, the permit relies 
on vague language regarding "reasonable precautions" as operating limitations for Unit 7. Tenns 
such as "reasonable precautions" are unenforceable. 33 See Permit at p. 25 of 51. The emission 
limitation of20 percent opacity for Unit 6 is also insufficient in light of the zero visible 
emissions limit in the Indeck-Elwood Permit. Finally, we were not able to review the emissions 
modeling for these sources within the limited public comment period. If the modeling did not use 
the maximum theoretical emission rate for each source, the agency must reject the modeling 
dempnstration and require the applicant to resubmit proper modeling. See NSR Manual at C.45-
46. 

Cooling Towers. The'Draft Permit establishes a limit that requires the cooling tower to "utilize 
0.00050/0 Drift Eliminators." Draft Permit, at 54. This provision is not BACT, and it is not an 
enforceable emission limit. First, a drift efficiency control rate, by itself, does not correspond to a 
PM emission rate. PM is fonned by dissolved solids in the circulating water. The drift is emitted 
from the cooling towers, the water is evaporated, leaving the solids that become particulate 
matter. The percent of the circulating water that is emitted ( drift rate), by itself, is not a measure 
of particulate emissions. 

Second, an emission rate, calculated from the drift fraction, total dissolved solids ("TDS") and 
circulating water flow rate, should be established as the permit limit for the cooling tower, based 
on a'topdown BACT analysis. The draft permit sets a drift rate and requires that TDS be 
measured, but it falls short due to the lack of an emission rate or maximum TDS level in the 
circulating water flow. While a TDS limit of21,000 parts per million is a start, it is only 
sufficient as BACT if the ppm concentration is the lowest concentration achievable through 
appl~cation of processes and available ~ethods, systems and techniques for reducing emissions, 
42 U.S.C. 7479(3), e.g., purification and filtering of the circulating water. PM emissions from 
the cooling tower can be further reduced by reducing or eliminating the dissolved solids in the 
circulating water. Absent a showing that further reduction of solids in the circulating is not 
technically or economically feasible, the 0.00050/0 drift efficiency rate and 21,000 ppm TDS limit 
do not constitute BACT. IfKDAQ relies on cooling tower drift eliminators and a limit on 
suspended solids in the circulating water to establish BACT, the Permit must also include a 
circulating water flow rate based on the lowest concentration achievable 

Third, with regard to testing, the permit must require periodic retesting of drift rates on a more 
frequent basis than upon permit renewal, as drift eliminator performance degrades over time. 

33 Se~ U.S. EPA Region 9, ''Title V Pennit Review Guidelines: Practical Enforceability," (Sept. 1999). 



Fourth, a cooling tower with drift eliminators is not the least polluting technology, and does not 
constitute BACT. Use of an air cooled condenser ("ACC"), an alternative method, system or 
technique of cooling within the definition of BACT, is available and has lower PM emissions 
than a cooling tower with drift eliminators. ACCs have been used on large coal-fired power 
plants for over 25 years. The 330 MW Wyodak coal-fired power plant in Wyoming has 
successfully operated with an ACC for over 25 years. The largest ACC-equipped coal fired· 
power plant in the world, the 4~000 MW Matimba facility in South Africa, has been operating 
successfully for over 10 years. Two coal-fired units in Australia with condenser heat rejection 
rates nearly identical to that proposed for Weston Unit 4 have been operational since 2002.- A 
number of new coal-fired power plants· have been proposed in New Mexico over the last three 
years. In all cases the project proponents have voluntarily incorporated ACC into the plant 
design to minimize plant water use. A 36 MW pulverized coal unit in Iowa, Cedar Falls Utilities 
Streeter Station Unit 7, was retrofit with drycooling in 1995 due to highway safety concerns 
caused by the wet tower plume in winter. The use of dry cooling is wen established. The 
application of an AAC would eliminate nearly all of the PM emissions from the cooling process. 
Therefore, unless AAC can be rejected in a top-down BACT analysis, based on site-specific 
collateral impacts, it must be used to establish BACT. AAC cannot be eliminated based on cost, 
especially because it must be compared to the total cost of a cooli~g tower, including the towers, 
raw water clarification system, and intake structures. Moreover, use of AAC has additional 
environmental benefits, including no water withdrawals for cooling, no brine discharge to river, 
no aesthetic issues related to'visible vapor plumes, no cooling tower drift emissions or particulate 
deposition. 

Other potential options to reduce PMJPM 1 0 emissions from the cooling process include a plume 
abated tower and a wet/dry system. Like ACC, these alternative processes result in lower 
emissions and, therefore, must be considered in a top-down BACT analysis. The applicant's 
analysis fails to identify, ~uch less consider these options for reducing PMJPM 1 0 emissions. A 
revised BACT analysis triust be conducted for the cooling process. 

Fifth, the draft pennit includes the term "reasonable precautions" as both an operating and an 
emission limitation. This tenn is vague and unenforceable. In its stead, the pennit should include 
explicit language describing the measures to be taken with respect to the cooling tower to 
prevent particulate matter from becoming airborne. 

iv. NOx BACT 

The permit sets limits for NOx of (a) 0.0331 IblMMBtu during any rolling three-hour average 
when firing syngas, and (b) 0.02461b/MMBru during any rolling three-hour average period when 
firing natural gas. 

Fuel-based limits. While the pennit sets two different limits for syngas and natural gas, the 
applicant proposed a single NOx limit of 0.0246 IblMMBtu for both fuels. The SOB does not 
explain the agency's decision to set two different limits when the applicant proposed a single 
limit for both fuels. While the applicant included a footnote to its proposed NOx limit, the 
application available for public review did not contain any text for this footnote. See App. p. 4-



59 (footnote 35 empty). Absent any justification for treating the two fuels differently, BACT for 
NO" should be the single numeric limit for both fuels proposed by the applicant. 

Furthermore, as noted above, a top-down BACT analysis must consider the use of cleaner fuels, 
including natural gas and biomass. Since the facility is specifically designed to be able to fire 
natural gas, burning gas would not "redefine the source." The limit for firing natural gas is lower 
thati that for syngas. In addition, as noted above, co-firing biomass at an IGCC facility is 
technically feasible and results in lower NOx emissions than firing syngas alone. Thus, NOx 
BACT must be based on consideration of firing natural gas and biomass. 

The facility also is designed to burn natural gas in combination with syngas. By burning a mix of 
natu'ral gas with syrigas, or 100% natural gas, the source could lower both the pound-per-MMBtu 
emi~sion rate and the hourly emission rate for each of the regulated pollutants, including NO". 
Thus the BACT analysis must consider mixing natural gas with syngas and burning 100% 
natural gas. If the cost effectiveness of combusting natural gas, or a combination of gas and 
syngas, is within the range generally accepted as cost-effective for similar sources (Le., under 
$10,000 per ton of pollutant removed), the BACT limit for NOx must be established based on a , 
BACT analysis that factors in natural gas. Notably, burning 100% natural gas could allow the 
source to avoid purchasing some of the most expensive equipment, including the gasifier .. 

Lower NOx limit. Furthennore, while we commend ERORA for analyzing and selecting 
Selective Catalytic Reduction ("SCR") in its NO" BACT analysis, the proposed technology can 
achieve lower than the proposed permit limits of 0.0331 IblMMBtu and 0.0246 Ib/MMBtu. The 
applicant states that the "most stringent [NO,,] emission limit" for existing and proposed IGCC 
sources is 0.059 IblMMBtu from the Southern Illinois Clean Energy Center facility. App. at 4-
30. The cited facility will not employ SCR, a post-combustion control, to limit NO" emissions. 
SICEC therefore represents the "uncontrolled" emissions baseline for purposes of assessing SCR 
for an IGce facility. The applicant acknowledges that SCR alone can achieve 90% "add-on" 
control efficency for NOx • App. at 4-57. Given an uncontrolled baseline ofO.059lblMMBtu NO" 
and ~n add-on control efficiency of 900/0 for SCR, the NO" BACT Jimit for Cash Creek should be 
0.00~9 IbIMMBtu. 

v. Sulfur dioxide (S02) and sulfuric acid mist ("SAM") BACT 

The ,applicant asserts that a single analysis is required to determine BACT for S02, SAM and 
condensable PM. App. at p. 4-42. 

BACT requires a separate analysis for each regulated pollutant. First, the applicant is incorrect 
as a legal matter. BACT is an "emission limitation" that is detennined on a "case-by-case basis" 
for "each pollutant subject to regulation under Act." 40 C.F.R. 52.21(b)(12). Thus, while there 
may, be overlap in the "control devices" discussed in the BACT analysis for each pollutant (see 
App~ at 4-42), separate BACT analyses must be conducted to arrive at proper emission 
limitations. Separate analysis is necessary to take into account the chemical and physical 
differences among the pollutants. Absent separate analyses for each pollutant, the BACT limits 
are not supported. As the Applicant's BACT analysis for S02 and SAM directly discusses only 
"BACT Selection for S02,"App. at pp. 4-45 to 4-56, the BACT analysis for SAM is insufficient. 
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A single BACT analysis for S02 and SAM is technically unjustified. Second, as a technical 
matter, the applicant's combined S02-SAM BACT analysis fails to explain why a combined 
analysis is justified in light of the limits proposed for the Elm Road facility~ The application sites 
Elm Road as having the most stringent existing or proposed limit for SAM, at 0.00005 
IblMMBtu (note that we believe this limit should be 0.0005 IbIMMBtu). App. at 4-30. The 
accompanying S02 limit proposed for Elm Road was 0.03 Ib/MMBtu. The H2S04 and S02 
BACT limits proposed by the applicant for Cash Creek are 0.0026 IblMMBtu and 0.0117 
IbIMMBtu, respectively. Given that the Elm Road project has a lower SAM but a higher S02 
limit than the limits proposed for Cash Creek, it is not clear that a single BACT analysis is 
technically appropriate for the two 'pollutants. 

For comments on the condensable PM, see above. 

1. S02 BACT 

Cleanfuels. The S02 limit consists ofa limit on the exhaust gas based on syngas fuel not to 
exceed 0.8 percent sulfur by weight. There does not appear to be any clean fuel consideration 
applied to this standard, For example, as described above in the PM BACT discussion, there does 
not appear to have been any consideration of the use of natural gas andlor biomass either in 
whole or in part as a clean fuel control method to minimize the emissions of criteria pollutants, 
including sulfur dioxide. The S02 top~down BACT determination for the combustion turbines 
must include consideration of natural gas and gasified biomass. 

2. SAMBACT 

The Draft Permit contains a SAM limit of 0.0026 Ib/MMBtu. Pennit at p. 4 of 51. As an initial 
matter, the limit lacks an averaging time. The application proposes a three-hour rolling average. 
Application at 4-56. In addition, this purported BACT limit appears high. As noted above, the 
the application'liststhe Elm Road facility as having the most stringent existing or proposed limit 
for SAM, at 0.00005 Ib/MMBtu (0.0005 Ib/MMBtu). The application provides no justification 
why this limit cannot be achieved at Cash Creek. In addition, in 2002, the AES Puerto Rico 
permit for a coal-fired CFB plant had a SAM emission limit ofO.0024'lb/MMBtu, which is lower 
than the proposed limit for Cash Creek. This facility will include a .Wet Eletrostatic Preciptator 
("WESP") to control particulate matter; SOB at 16, similar to the Trimble facility recently 
proposed by Louisville Gas & Electric However, the SOB only lists the WESP under control 
technology for PMIPMIO. Id. We urge KDAQ to consider a lower SAM limit based on the use 
'of a WESP in a top-down BACT determination for Cash Creek. As put forth above, BACT 
requires consideration of combinations of controls, including pre- and post-combustion controls. 
The use ofWESPs are now common on new coal plants burning high-sulfur coal (see e.g., the 

. Trimble facility and the Prairie State facility in Illinois) and we are not aware of any obvious 
technical reasons why a WESP could not be used on an IGCC plant as well. 

vi. Visible Emissions 



The permit contains an opacity limit of 20%, except that a maximum of twenty-seven percent for 
not more than 1 six-minute per hour. Condition B.2( d). 

This' emissions limit is based on the NSPS standard, and not on BACT level control. Id. (citing 
40 CFR 60.42Da (b» .. The Draft Permit is therefore deficient. The permit must contain a visible 
emission limit for regulated pollutants (i.e., PM and H2S04)34 that is based on the maximum 
degree of reduction achievable with the best pollution control option for the proposed facility. A 
PSD permit must require BACT for all regulated pollutants. BACT is defined as an "emissions 

"limitation, including a visible emission standard ... " 42 U.S.C. § 7479(3) (emphasis added); 40 
C.F.R. § 52.2I(b)(12). Although a BACT limit for PM or SAM typically includes an emission 
rate limit (i.e., pounds per hour or pounds per million Btu heat input), a BACT limit must 
nevertheless also "includ[e] a visible emission standard." Id. 

Other recent coal plant pennits include visible emission as part of the BACT limits for those 
facilities. For example, the Springerville facility in Arizona has a BACT limit of 150/0 opacity, 
and the Mid-America facility in Council Bluffs has an opacity limit of 5 percent.. 35 The 
Wisconsin Department of Natural Resources set a 10% opacity limit as BACT for the Fort 
Howard (Fort James) Paper Company's 500 MW CFB boiler. The Minnesota Pollution Control 
Board also considered the issue and determined that a 50/0 opacity limit should be established 
based on BACT. The maximum achievable visible emission reduction for a combustion turbine, 
however, is much lower than 20% opacity. For example, the JEA Northside CFBin Jacksonville, 
Florida, conducted a compliance test during the summer of 2002, while burning high-sulfur coal, 
and measured opacity of less than 20/0. 36 Testing done by Black & Veatch for the Department of 
Energy showed visible emissions at the JEA facility of 1.1 % and 1.00/0 opacity.37 Also, the City 
of Springfield agreed to a lower opacity limit. 

The final pennit must contain BACT limits that include a visible emission standard for the 
t . 

combustion turbines. The BACT limits for PM and SAM must include a visible emission limit of 
no more than 2% opacity based on the results of testing at the JEA Northside facility.38 In other 
words, if opacity at a CFB plant can be limited to less than 2 percent opacity, the project 
applicant must explain why it cannot m~et such a limit when firing syngas, a fuel with lower 
particulate matter emissions than solid coal. 

vii. Startup, Shutdown, and Malfunction BACT 

34 A visible emission standard is a limit on "light scattering particles," which include both fine particulate 
matter ("PM") and sulfuric acid mist ("SAM") aerosols. Both PM and SAM are regulated under PSD and, 
therefore, a complete PSD permit must contain a BACT limit which includes a visible emission limit based 
on BACT for PM and SAM. 
3S See Iowa DNR Permit No. 03-A-425-P, §10a, available online at 
http://aq48.dnraq.state.ia.us:8080/psdI7801026IPSD_PN _ 02-258/03-A-425-P-Final.pdf, last visited October 28, 
2005 
36 William Goodrich, et aI., Summary of Air Emissions from the First Year Operation of JEA's Northside 
Generating Station, Presented at ICAC Forum '03, p. 16 
37 See Black & Veatch, Fuel Capability Demonstration Test Report 1 for the JEA Large-Scale CFB Combustion 
Demonstration Project, DOE Issue Rev. 1 p. 12 (Sept. 3,2004) 
38 See, Goodrich, supra, p. 16 
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1. Sulfur Recovery Unit 

The draft permit completely exempts the sulfur recovery unit from its limit of 100 ppm by 
volume (dry basis) at 0% oxygen on a three hour basis during periods of startup and shutdown. 
Permit at p. 17 of 51. There are no obvious reasons why' the pennit could not require the use of 
natural gas during periods of startup and shutdown of the sulfur recovery unit and thereby avoid 
the firing of high-sulfur syngas during these periods. Accordingly, the use ofnatural gas must be 
considered in setting a top-down S02 BACT limits for the sulfur recovery unit during periods of 
start up and shutdown. The existing limit does not·constitute BACT. 

2. Combustion Turbines 

The draft permit does not appear to have any meaningful start up or shutdown limits for the 
combustion turbines for any pollutants. The permit as written exempts periods of start up and 
shutdoWn from any input-based limits for PM (both filterable and total), NOx and mercury39, . 
and S0240

• The only other applicable limits to these pollutants appear to be the annual limits. 

Annual limits are not sufficient to meet the requirement that a PSD permit include BACT startup 
and shutdown limits for each regulated pollutant and protect air quality standards. See In re 
Indeck-Elwood. LLC, PSD Appeal No. 03-04 (EAB September 27, 2006).41 In setting lawful 
startup and shutdown BACT limits.KDAQ must consider the use of cleaner fuels, i.e. other than 
syngas, such as natural gas and/or gasified biomass. If KDAQ issues a new permit with numeric 
startup and shutdown BACT limits for each regulated pollutant - as we believe it must -- the 
public must get an opportunity to comment on such new limits prior to their being finalized. 

The permit also refers to a startup-shutdown plan submitted to the agency. Permit at p. 4 of 51. It 
is not clear whether this plan was made available to the public as part of the permit record. As 
commenters have not reviewed the plan, it is assumed that the plan contains so-called ~'narrative" 
limits to allegedly serve as BACT. Narrative limits are allowed to serve as BACT only where the 
agency determines on the record that "technological or economic limitations on the application 
of measurement methodology to a particular emissions unit would make the imposition of an 
emissions standard infeasible." 401 KAR 51:001 Sec. 1(25)(c); 40 C.F.R. § 51.166(b)(12); In re 
Indeck-Elwood, LLC, PSD Appeal No. 03-04 (EAB September 27, 2006)("Indeck-Elwood"). If 
such a standard is set as BACT, the standard must establish "the emissions reduction achievable 
by implementation of the design, equipment, work practice or operation." Id. Narrative limits, in 
contrast, are not permitted where the limitations cited by the agency are principally design and 
operational constraints, such as the inability of air pollution control technology to operate at low 
temperatures during startup and shutdown. Indeck-Elwood at p. 70. Thus, KDAQ mus't make an 
on the record determination that these standards are met in order for the startup shutdown plan to 
properly serVe as BACT, as well as set the accompanying emissions reduction achieveable for 

39 Section B Units 01 and 02, Condition 2(h) 
40 Section B Units 01 and 02. Condition 4(b) - periods of startup and shutdown excluded from 3-hour rolling 
average exceedances; Section B Unit 05, Condition 2(c). 
41 Deciding whether exemption from short-term BACT limits .and inclusion of vague, to-he-determined narrative 
limits comply with BACT. The starting point for the EAB's decision was the statutory and regulatory definition of 
BACT. Under the definition, BACT requirements cannot be "waived or otherwise ignored during periods of startup 
and shutdowns." Indeck-Elwood at p. 66 .. 



each pollutant under the narrative limits. Absent such justification, KDAQ must set numeric 
BACT limits for all regulated NSR pollutants. In addition, as a critical part of the pennit's 
narrative limits for startup and shutdown, the plan should be attached to the pennit and 
incorporated by reference as an enforceable component of the permit itself. 

In addition. Section E contains a catchall "good practices" provision, that applies during, all 
operations, including periods of startup and shutdown. Permit at p. 37 of 51. The condition states 
that "Determination of whether acceptable operating and maintenance procedures are being used 
will be based on information available to the Division which may include, but is not limited to, 
monitoring results, opacity observations, review of operating and maintenance procedures, and 
inspection of the source." As the determination will be based on "information available to the 
Division" that is not available to the public, the condition is unenforceable by the public and thus 
is in violation of Title V requirements. 

3. Terms Should Be Clearly Defined 

The tenn "startup" should be defined as "the period beginning with ignition and lasting until the 
equipment has reached a continuous operating level and operating permit limits.,,42 The term 
"shutdown" should be defined as "the period beginning with the lowering of equipment from 
base load and lasting until fuel is no longer added to the combustion turbine and combustion has 
ceased.,,43 

II. THE PERMIT CONTAINS PROVISIONS THAT ARE NOT ENFORCEABLE 

a. Continuous compliance. 

Conditions throughout the pennit fail to state that continuous monitoring systems will 
only be used as "the indicator of continuous compliance" and that exceedances of limits as 
measured by the systems will only trigger an investigation. See, e.g., Condition B.4(b). These 
conditions render the CAM provisions inadequate to ensure continuous compliance with pennit 
limit~. The EPA has objected to Title V pennits in Region 4 for failure to include explicit 
state~ents that the indicators are not set as enforceable limits. For example, in the Tampa 
Electric Company's FJ. Gannon Station case, the EPA objected to the Title V permit, stating: 

While the permit does include parametric monitoring of emission unit and control 
equipment operation in the O&M plans for these units ... the parametric monitoring 
scheme that been specified is not adequate. The parameters to be monitored and the 
frequency of monitoring have been specified in the permit, but 
the parameters have not been set as enforceable limits. In order to make the 
parametric monitoring conditions enforceable, a correlation needs to be 

42 401 KAR 52:001 contains a more general definition of start-up, "setting in operation of an affected facility." 401 
KAR 52:001 (231) This definition is unenforceably vague and should be supplemented by additional permit 
language. 
43 Likewise, Kentucky regulations define shutdown as "the cessation of an operation," which also should be 
supplemented by enforceable permit language. 



developed between the control equipment parameter(s) to be monitored and the 
pollutant emission levels. 44 . .. 

The Pennit must explicitly state that an exceedance of an indicator is a violation of the 
underlying applicable requirement; otherwise, the indicator does not assure that the underlying 
requirement is enforceable, . 

b. Vague and am1;>iguous language. 

As discussed above with respect to specific permit conditions, the Permit contains numerous 
words and phrases that are vague and· thus unenforceable. These words and phrases include 
"reasonable precautions," "clean", "as applicable", "suitable", "other measures", "prompt",and 
"as necessary." The U.S. EPA has made clear that these tenns render conditions practicably 
unenforceable. U.S. EPA Region 9, "Title V Pennit Review Guidelines: Practical 
Enforceability," Sept. 9 1999, at III-55 and 61 ("It is also important that permit conditions be 
unambiguous and do not contain language which may intentionally or unintentionally prevent 
enforcement"; listing language indicating enforceability problems and instructing use of specific 
language); The permit must be amended to include numeric limits or specific actions with which 
the source must comply for conditions containing vague and ambiguous language. These 
conditions include, but are not limited to, Unit 07 (coal ,handling), Condition l(a); Unit 08 
(cooling tower), Condition l(a); and Unit 10 (roadways), Condition l(a). 

III. THE APPLICANT FAILED TO DEMONSTRATE THAT THE FACILITY WILL 
NOT CAUSE OR CONTRIBUTE TO A VIOLATION OF AIR QUALITY 
STANDARDS 

a. Emissions inventories 

The applicant requested a listing of all sources located within 100 kilometers of Cash Creek to 
detennine the emissions inventory for air quality modeling. App. p. 6-16. It is not clear from this 
discussion whether permitted but not yet operating facilities were included in the inventory. 
Further, ERORA also should have included the projected emissions of sources which have been 
issued PSD permits but which are not yet operating.45 For example, ERORA should have 
included the maximum allowable emission rates of LG&E's Trimble County unit currently under 
construction, and the maximum allowable short term average emission rates must be evaluated in 
determining compliance with short-term average standards or increments. [ANY OTHERS?] 
KDAQ should confirm whether such facilities were included and if they were not, deny t~e 
perinit and require the applicant to resubmit the air quality analysis with the expanded inventory. 

In addition, there are clearly sources that will likely have a significant concentration gradient in 
the vicinity of Cash Creek that should be included in Class II increment and NAAQS modeling. 
These include but are not limited to the nation's largest coalplant, Duke's Gibson station (3350 
MW), the TVA Paradise station in Muhlenberg County (2650 MW), the Big Rivers Coleman 

44 U.S. EPA Region 4 Objection, Proposed Part 70 Operating Permit, Tampa Electric Company, F.J. Gannon 
Station, Pennit No. 0570040-002-A V 
4S see page C.34 of the' New Source Review Workshop Manual. 
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plant, the Southwire aluminum plant located in Hancock County, the Waupaca Foundry in Perry 
County, IN, and the AK Steel plant in Rockport. 

Also, there are several ethanol plants and at least one biodiesel plant in the region that should 
have been included in the inventory but were not. There are at least two ethanol plants planned 
for Henderson County and a biodiesel plant proposed for Daviess County. In Indiana, there are 
three (at least one has secured a permit) in Posey County, one in Spencer County and one in Pike 
County that should be included in the analysis. ERORA also should have ,included emissions 
from oil and gas wells in the vicinity of the project. The mobile source and fugitive emissions 
associated with the roads for oil and gas development must also be included in the inventory of 
sourpes for a cumulative analysis. 

Thus, KDAQ cannot adequately assess whether the Cash Creek source will cause or contribute to 
a violation of the NAAQS or Class II increments based on the analysis provided in the Cash 
Cre~k permit application. KDAQ must require ERORA to conduct a complete NAAQS and 
Clas's II increment by modeling the Patriot mine together as one source and by requiring the 
emissions inventory for the cumulative NAAQS and Class II increment analyses to be expanded 
to include all of the above sources and any other sources of air pollution, including minor and 
area,sources, within the vicihity of the Cash Creek source. 
Also, it is not clear that all required sources were included in the increment consumption 
modeling. Sources that consume increment are: (1) the applicant source, (2) all increases since 
the minor source baseline date (the date of the first complete PSD application), and (3) all 
significant increases at major sources after the major source baseline date (1975)-- i.e., major 
modifications subject to PSDINSR-- even those that should have but did not get a pennit. 
Typically, applicants only look at the first two. KDAQ should confirm that the source did not 
omit any unpermitted modifications at any nearby sources since 1975'from the increment 
analysis. If any modified, unpermitted sources were omitted, KDAQ should return the 
application to ERORA for proper increment modeling. 

b. Meteorological data 

The PSD Application assesses compliance with the NAAQS and PSD increments for CO and 
PMIO using five years of meteorological data from airports in Evansville (surface data). The 
airport data, is not of acceptable quality for air dispersion modeling. The Cash Creek PSD 
Application, which relies on these data for air modeling, is therefore flawed and likely 
und~restimates modeled concentrations due to the way calms are treated, as discussed below. 

Airport data are not collected with the thought of air dispersion modeling in mind. For 
example, airport conditions are typic~lly reported once per hour, based on a single observation 
(usually) taken in the last ten minutes of each hour. The USEPA recommends that sampling 
rates of 60 to 360 per hour, at a minimum, be used to calculate hourly-averaged meteorological 
data.46 Air dispersion modeling requires hourly-averaged data, which represents the entire hour 
being modeled, and not only a snapshot taken in one moment during the hour. 

In addition, data collected at the Evansville airport is not subject to the system accuracies 
required for meteorological data collected for air dispersion modeling. O.S. EPA recommends 

46 USEPA, Meteorological Monitoring Guidance for Regulatory Modeling Applications, EPA-454/R-99-05, 
February 2000, p. 4-2. 
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that meteorological monitoring for dispersion'modeling use equipment that are sensitive enough 
to measure all conditions necessary for verifying compliance with the NAAQS and PSD 
increments. For example, low wind speeds (down to 1.0 meter per second) are usually 
associated with peak . air quality impacts - this, is because modeled impacts are inversely 
proportional to wind speed. Following USEP A guidance, wind speed measuring devices 
(anemometers) should have a starting threshold of 0.5 meter per second or less.47 Additionally, 
the wind speed measurements should be accurate' to within plus or minus 0.2 meter per second, 
with a measurement resolution of 0.1 meter per second.48 

The airport data used by ERORA, rather than being measured in 0.1 meter per second 
increments, is based on wind speed observations that are reported in whole knots. Thus, any 
winds lower than one or two knots are reported as calms, and are thus excluded from the 
modeling analyses. In no uncertain tenns, the conditions most crucial for verifying compliance 
with the NAAQS and PSD increments (low wind speeds) are being excluded from the Cash 
Creek analysis because of the choice to use the airport data. 

Sensitive and accurate measurements of wind speeds are necessary for measuring winds 
down to 0.5 meter per second (about one knot), which can then be used as 1.0 meter per second 
in the air dispersion modeling analyses. There would be no need to label such low wind speed 
hours as calm, which will greatly increase the' number of hours included in the modeling 
analyses. Again, it is these low wind speed hours which must be included in the modeling data 
set to verify compliance with the NAAQS or PSD increments. 

KDAQ should have required ERORA to collect pre-construction meteorological data for 
use in the Cash Creek air quality modeling. Cash Creek, which is a major emission source of 
many air pollutants, should not be assessed for PSD increment compliance using meteorological 
data collected with none of the quality assurances necessary for air modeling d.ata. 49 

IV. 'THE IGCC FACILITY AND COAL MINE SHOULD BE PERMITTED AS A 
SINGLE FACILITY 

The SOB states that "the primary coal supply is expected be provided by the Patriot Coal 
Company, which operates an existing underground and surface mining and processing operation 
adjacent to the Cash Creek location. The coal will be delivered by a conveyor from the mine to 
an onsite receiving transfer-house." SOB at p.l. KDAQ issued the Patriot coal processing facility 
a construction and operating permit, Permit No. S-06-333, on December 6, 2006. Due to the 

. interde~endence of the two facilities and the increased production at Patriot necessitated by Cash 
CreekS , the facilities must be evaluated as one entire source for the purposes of the PSD permit 
for Cash Creek. This means that in evaluating whether the Cash Creek source's impacts will be 

47 Id., p. 5-2. 
48 Id., p. 5-1. . . 
49 USEPA, Ambient Monitoring Guidelines for Prevention of Significant Deterioration (PSD), EPA-450/4-87-07, 
May 1987, p. 55. 
50 According to an IEPA press release for the analogous ERORA Taylorville facility. the plant will consume 
approximately 1.8 million tons of Illinois coal per year. Patriot's three Western Kentucky mines together produced 
only4 million tons of coal in 2004. See Peabody Energy Press Release, Nov. 9, 2005, "Patriot Coal Company Earns 
Reclamation Honors From the Kentucky Department of Natural Resources & Kentucky Coal Association," avalJable 
at http://phx.corporate-ir.netlphoenix.zhtml?c=129849&p=irol-newsArticle&ID=780974&highlight=. Thus, the 
Cash Creek facility will require the Patriot mine to potentially more than double its production level, which will in 
tum significantly impact air emissions. 



over the regulatory ambient significance levels, both facilities must be modeled together. 
Furt~er, in determining the Cash Creek source's impact area for each pollutant and the impacts 
on visibility and other air quality related values of Class I areas, the two facilities must be 
modeled simultaneously to predict the overall impacts from the Cash Creek source. 

Any: attempt to model only impacts from the Cash Creek nominal 770 MW facility must be 
con#dered circumvention of the PSD permitting regulations and must not be allowed by KDAQ. 

V. PUBLIC PARTICIPATION 

On Wednesday, June 6,2007, both Meleah Geertsma and John Blair sent requests to John 
Lyons for an extension of the written comment period. In her request, Ms. Geertsma noted the 
challenges to finding a technical expert on IGCC within the standard time period, based on the 
relative newness of the technology. Both requests were denied outright, with the caveat that 
written comments could be submitted through a representative at the public hearing to be held 
ten days after the close of the written comment period due to a scheduling problem within 
KDAQ. Ms. Geertsma again requested an extension on June 19, quoting from Hearing Officer 
Dickinson's report in the Trimble case, issued earlier that week, noting systemic problems with 
the Division's treatment of public participation requirements. This report echoed the critiques 
stated by Hearing Officer Janet Raider in her April report on the Spurlock pennit. Mr. Lyons 
agai~ rejected the request. In neither of Mr. Lyons' response did he provide any justification for 
denying the requests beyond the extra days afforded by the Division's scheduling problems. In 
fact,'Mr. Lyons implied that he did not have the authority to extend the comment period under 
Kentucky regulations ("401 KAR 52:100, Sections 2(2)(a) & 2(2)(b), are very prescriptive in 
that the comment period "shall" begin on the date the notice is published and "shall" end thirty 
(30) days after the publication date.") 

The blank rejection of these justified requests is unacceptable and evidences the 
Division's inexplicable and on-going resistance to the public's input on its permits. The public 
comment period exists so that the public can express its concerns with a permit to the agency, 
outside of the adversarial, expensive process of an administrative hearing. It is the opportunity 
for an exchange, with the end goal of meeting the air quality laws and regulations to the greatest 
extent possible. Blank refusals to extend the comment period, particularly in light of the 
numerous and repeated shortcomings in the process itself noted by Hearing Officers Dickinson 
and Raider which produce delay and confusion for the public, prevent the public from having a 
meaningful opportunity to comment as the law requires. Nor does Kentucky law prescribe a 
maximum 30-day comment period as suggested by Mr. Lyons. The above quote conveniently 
leaves out the language in 401 KAR 52: 100, Section 2( 1)( a) clearly stating that the Cabinet shall 
afford a "minimum of thirty (30) days for public comment." 

Commenters note that, due to the short time period for reviewing this voluminous and 
complex permit record, we have focused our comments on the BACT limits and not included 
complete comments on several areas which we believe to be deficient. These areas include the 
enforceability of numerous permit conditions, as well as the applicant's air quality modeling· 
dem6nstration and soils and vegetation assessment. It should also be noted that the volume of 
these comments is in large part due to the extensive work of other advocates to generate the 
general arguments on carbon dioxide in other cases. The allotted time was wholly insufficient to 
do the permit-specific review necessary to meaningfully comment on the materials available for 



public review. Nor was the by-chance additional time to submitwritten comments at the hearing 
sufficient. We are aware of others who needed additional time to submit written comments and 

'", who had to scramble to find persons to hand deliver the comments and represent these comments 
at the hearing. 

In sum, we are commenting on the insufficient opportunity afforded by the Division with 
regards to the draft permit. To correct these errors, the Division should seriously consider 
reopening the comme~t period. In addition, in the event that comments from this period result in 
significant changes to the permit limits, the Division should notice an additional comment period 
on the revised draft permit prior to finalizing it. We finally strongly urge the Division to follow, 
at a minimum, the recommendations laid out in the referenced Hearing Officer's reports. Ample 
room exists now under the Division's regulations for improving the opportunity for public 
participation in the' ways noted. The Division's regulations also could be improved by 
amendments clearly laying out the standards for extensions. Finally, we note appreciation for the 
provision of electronic files during this comment period and recommend that such files be 
assembled prior to the notice date to enable the timely review of the voluminous files. 

VI. CONCLUSION 

For the reasons stated above, KDAQ should "deny the Cash Creek-ERORA draft permit as a 
matter oflaw and fully comply with the duty to provide a meaningful opportunity for public 
participation during the remainder of the permit's consideration. If you have any questions about 
these co~ments c:>r require additional informatiQn, please do not hesitate to contact Meleah 
Geertsma at 312-795-3713. 

Thank you for your consideration of this important matter 

Sincerely, 

Meleah A. Geertsma 
Staff Attorney and Public Health Specialist 
Environmental Law and Policy Center 
Chicago,IL 

Bruce Nilles 
SeniorcMidwest Representative 
Sierra Club ' 

John Blair 
Executive Director 
Valley Watch, Inc. 
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Chapter 3 - Coal-Based Electricity Generation 

INTRODUCTION 

In the U.S., coal-based power generation is 
expanding again; in China, it is expanding 
very 'rapidly; and in India, it appears on the 
verge of rapid expansion; In all these coun
tries 'and worldwide, the primary generating 
technology is pulverized coal (PC) combus
tion.' PC combustion technology continues 
to undergo technological improvements that 
increase efficiency and reduce emissions. 
However. technologies favored for today's 
conditions may not be optimum under future 
conditions. In particular, carbon dioxide cap
ture 'and sequestration in coal-based power 
generation is an important emerging option 
for managing carbon dioxide emissions while 
meeting growing electricity demand, but this 
would add further complexity to the choice 
of generating technology. 

The distribution of coal-based generating 
plants for the U. S. is shown in Figure 3.1. 
Most of the coal-based generating units in 
the U. S. are between 20 and 55 years old; the 
average age of the fleet is over 35 years[l)., 
Coal:'based generating units less than 35 
years old average about 550 MWe; older gen
erating units are typically smaller. With cur
rent ~ife-extension capabilities, many of these 
units, could, on-average, operate another 30+ 
years'. Units that are less than about 50 years 
old are essentially all air-blown, PC combus
tion ~mits. The U.S. coal fleet average gener
ating: efficiency is about 33%, although a few, 
newer generating units exceed 36% efficiency 
[2J[3]. Increased generating efficiency is im
portant, since it translates directly into lower 
criteria pollutant emissions (at a given re-

moval efficiency) and lower carbon dioxide 
emissions per kW~-h of electricity generated. 

GENERATING TECHNOLOGIES - OVERVIEW 

This chapter evaluates the technologies that 
are either currently commercial or will be 
commercially viable in the near term for 
electricity generation from coal. It focuses 
primarily on the U. S., although the analYSis 
is more broadly applicable. We analyze these 
generating technologies in terms of the cost 
of electricity produced by each, without and 
with carbon dioxide (C02) capture, and their 
applicability, efficiency, availability and reli
ability. Power generation from coal is subject 
to 'a large number of variables which impact 
technology choice, operating efficiency, and 
cost of electricitY (COE) produced [4]. Our 
approach here was to pick a point set of condi
tions at which to compare each of the generat
ing technologies. using a given generating unit 
design model to provide consistency. We then 
consider how changes from this point set of 
conditions, such as changing coal type, impact 
the design, operation, and cost of electricity 
(COE) for each technology. We also consider 
emissions control and retrofits for CO2 cap
ture for each technology. Appendix 3.A sum
marizes coal type and quality issues, and their 
impact. 

For the technology comparisons in this chap
ter, each of the generating units considered 
was a green-field unit whieh contained all the 
emissions control equipment required to op
erate slightly below current. low, best-derrion
strated criteria emissions performance levels. 

t? 
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Figure 3.1 Distribution of U. S. Coal-Based Power Plants. Data from 2002 USEPA eGRIO 
database; Size Of Circles Indicate Power Plant Capacity. 
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To evaluate the technologies on a consistent 
basis,' the design performance and operating 
parameters for these generating technologies 
were based on the Carnegie Mellon Integrated 
Environmental Control Model, version 5.0 
(IECM) [5] which is a modeling tool specific 
to coal-based power generation [6], [7]. The 
units all use a standard Illinois # 6 bituminous 
coal, a high-sulfur, Eastern U.S. coal with a 
moderately high· heating value (3.25 wt% sul
fur & 25,350 kJ/kg (HHV». Detailed analysis 
is given in Table A-3.B.l [5] (Appendix 3.B). 

GENERATING EFFICIENCY The fraction of the 
thermal energy in the fuel that ends up in the net 
electricity produced is the generating efficiency 
of the unit [8]. Typical modern coal units range 
in thermal efficiency from 33% to 4~% (HHV). 
Generating efficiency depends on a number of 
unit desig~ and operatipg parameters. includ
ing coal type, steam temperature and pressure, 
and condenser cooling water temperature [9]. 
For example, a unit in Florida will generally 
have a lower operating efficiency than a unit in 
northern New England or in northern Europe 
due to the higher cooling water temperature in 
Horida. The difference in generating efficiency 
could be 2 to 3 percentage points. Typically, 
. ~mits operated at near capacity exhibit their 
highest effici~ncy; unit cycling and operating 
helow capacity result in lowe,r efficiency. 

IH! 

LEVELIZED COST OF ELECTRICITY 

lhe levelized cost of electricity (COE) is the 
constant dollar electricity price that would be 
required over the life of the plant to cover all 
operating expenses, payment of debt and ac
cnled interest on initial project expenses, and 
the payment of an acceptable return to in
vestors. Levelized COE is comprised of three 
components: capital charge, operation and 
maintenance.costs, and fuel costs. Capital cost 
is genercllly the largest component of COE. 
This study calculated the capital cost compo
nent of COE by applying a carrying charge 
factor of 15.1% to the total plant cost (TPC). 
Appendix 3.C provides the basis fo'r the eco
nomics discussed in this chapter. 

AIR-BLOWN COAL COMIJUSTIONGENERATING 
TECH NOLOGI ES 

In the next section we consider the fOllr pri
mary air-blown coal generating technologies 
that compose essentially all the coal-based 
power generation units in operation today 
,and being built. These include PC combustion 
using subcritical, supercritical, or ultra-super
critical steam cycles designed for Illinois #6 
coal and circulating fluid-bed (eFE) combus
tion designed for lignite. Table. 3.1 summariz-
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es representative operating performance and 
economics for these air-blown coal combus
tion generating technologies. Appendix 3.C 
provides the basis for the economics. PC com
bustion or PC generation will be used to mean 
air-blown pulverized coal combustion for the 
rest of this report, unless explicitly stated to be 
oxy-fuel PC combustion for oxygen-blown PC 
combustion. 

PULVERIZED COAL COMBUSTION POWER GEN
ERATION: WITHOUT CO2 CAPTURE 

SUBCRITICAL OPERATION In a pulverized coal 
unit, the coal is ground to talcum-powder 
fineness, and' injected through burners into 
the furnace with combustion air (10-12]. The 
fine coal particles heat up rapidly, undergo py
rolysis and ignite. The bulk of the combustion 
air is then mixed into the flame to completely 
burn the coal char. The flue gas from the boiler 
passes through the flue gas clean-up units to 
remove particulates, SOx' and NOx' The flue 
gas exiting the clean-up section meets criteria 
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pollutant permit requirements, typically con
tains 10-15% CO2 and is eSsentially at atmo
spheric pressure. A block diagram of a subcrlt
kal PC generating unit is shown in Figure 3.2. 
Dry, saturated steam is generated in the fur
nace boiler tubes and is heated further in the 
superheater section of the furnace. This high
pressure, superheated steam drives the steam 
turbine coupled to an electric generator. The 
low-pressure steam exiting the steam turbine 
is condensed, and the condensate pumped 
back to the boiler for conversion into steam. 
Sub critical operation refers to steam pressure 
and temperature below 22.0 MPa (-3200 psi) 
and about 5500 C (10250 F) respectively. Sub
critical PC units have generating. efficiencies 
between 33 to 37% (HHV), dependent on coal 
quality, operations and design parameters, 
and location. 

Key material flows and conditions for a 500 
MWe subcritical PC unit are given in Figure 
3.2 [5, 131. The unit burns 208,000 kg/h (208 
tonnes/h [14]) of coal and requires about 2.5 
million kg/h of combustion air. Emissions 
control was designed for 99.9% PM and 99+% 
SOx reductions and greater than about 90% 
NOx reduction. Typical subcritical. steam cy
cle conditions are 16.5 MPa (-2400 psi) and 
5400 C (1000° F) superheated steam. Under 
these operating conditions (Figure 3.2), IECM 
projects an efficiency of 34.3% (HHV) [15}. 
More detailed material flows and operating 
conditions are given in Appendix 3.B, Figure 

A-3.B.2, and Table 3.1 summarizes the COl 
emissions. 

The coal mineral matter produces about 22,800 
kg/h (23 tonnes/h) of fly and bottom ash. This 
can be used in cement and/or brick manufac
ture. Desulfurization of the flue gas produces 
about 41,000 kglh (41 tonnes/h) of wet solids 
that may be used in wallboard manufacture or 

. disposed of in an enVironmentally safe way. 

SUPERCRITICAl. AND Ul TRA-5UPERCRITICAl 
OPERATION Generating efficiency is in
creased by designing the unit for operation at 
higher steam temperature and pressure. This 
represents a movement from subcritical to 
supercritical to uItra-supercritical steam pa
rameters [16}. Supercritical steam cycles were 
not commercialized until the late 1960s, after 
the necessary materials technologies had been 
developed. A number of supercritical units 
were built in the U.S. through the 1970's and 
early 80's, but they were at the limit of the 
then-available materials and fabrication capa
bilities, and some problems were encountered 
[ 17]. These problems have been overcome for 
supercritical operating conditions, and super
critical units are now highly reliable. Under 
supercritical conditions, the supercritical fluid 
is expanded through the high-pressure stages 
of a steam turbine, generating electricity. To 
recharge the steam properties an~ increase the 
amount of power generated, after expansion 
through the high-pressure turbine stages, the 

Figure 3.2 Subcritical500 MWe Pulverized Coal Unit without (02 Capture 
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Figure 3.3 Ultra-Supercritical500 MWe Pulverized Coal Unit without COl Capture 
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steam is sent back to the boiler to be reheated. 
Reheat, single or double, increases the cycle 
efficiency by raising the mean temperature of 
heat addition to the cycle. 

Super-critical electricity generating efficiencies 
range from 37 to 40% (HHV), depending on 
design, operating par~meters, and coal type. 
Current state-of-the-art supercritical PC gen
eration involves 24.3 MPa (-3530 psi) and 565" 
C (1050· F), resulting in a generating efficiency 
of abbut 38% (HHV) for Illinois #6 coal. 

Meanwhile, new materials capabilities have 
been' further expanding the poteritial oper
ating. range. To take advantage of these de
velopments, the power industry, particularly 
in Europe and Japan, continues to move to 
higher steam pressure and temperature, pri
marily higher temperatures. Operating steam 
cycle ·conditions above 565° C (> 1050° F) are 
referred to as ultra-supercritical. A number 
of ultra-supercritical units operating at pres
sures .to 32 MPa (-4640 psi) and temperatures 
to 600/610° C (1112-1130° F) have been con'; 
structed in Europe and Japan [181. Opera
tional availability of these units to date has 
been comparable to that of sub critical plants. 
Current materials research and development 
is targeting steam cycle operating conditions 
of36.5 to 38.5 MPa (-5300-5600 psi) and tem
peratures of 7QO-720° C (1290-1330° F)(19}. 
These conditions should increase generating 
efficiency to the 44 to 46% (HHV) range for 

bituminous coal, but require further materi
als advances, particularly for manufacturing, 
field construction, and repair. 

Figure 3.3 is a block diagram of a 500 MWe 
ultra-supercritical PC generating unit show
ing key flows. The coal/combustion side of the 
boiler and the flue gas treatment are the same 
as for a subcritical boiler. Coal requireq to 
generate a given amount of electricity is about 
21 % lower than for subcritical generation, 
which means that CO:! emissions per MWe-h 
are reduced by 21 %. The efficiency projected 
for these design operating conditions is 43.3% 
(HHV) (Figure 3.3) vs. 34.3% for sllbcritical 
conditions. More detailed material and oper
ating information is given in Apperidix 3.B. 
Table 3.1 summarizes the performance for 
subcritical, supercritical, and ultra-supercriti-
cal operation. / 

FLUID-BED COMBUSTION A variation on PC 
combustion is fluid-bed combustion in which 
coal is burned with air in a fluid bed, typically 
a circulating fluid bed (CFB)(20-22]. CFBs are 
best suited to low-cost waste fuels and low
quality or low heatingvaluecoals. Crushed coal 
and limestone are fed into the bed, where the 
limestone undergoes calcination to produce 
lime (CaO). 111e fluid bed consists mainly of 
lime. with a few percent coal, and recirculated 
coal char. The bed operates at significantly low
er temperatures, about 427° C (800° F), which 
thermodynamically favors low NOx formation 
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and S02 capture by reaction with CaO to form 
CaS04' The steam cycle can be subcritical and 
potentially supercritical, as with PC combus
tion, and generating efficiencies are similar. 
The primary advantage of CFB technology is 
its capability to capture S02 ih the bed, and 
its flexibility to a wide range of coal proper
ties, including coals with low heating value. 
high-ash coals and low-volatile coals, and to 
changes in coal type during operation. Several 
new lignite-burning CFB units have bee~ con
structed recently. and CFBs are well suited to 
co-firing biomass [23]. 

The performance data for the CFB unit in 
Table 3.1 is based on lignite rather than Illi
nois # 6 coal. The lignite has a heating value 
of 17,400 kJ/kg and low sulfur. The coal feed 
rate is higher than for the other technologies 
because of the lower heating value of the lig
nite. Appendix 3.B gives a detailed process 
schematic for CFB generation. 

COAL TYPE AND QUALITY EFFECTS 

Coal type and quality impact generating unit . 
technology choice and design. generating ef
ficiency, capital cost, performance, and COE 
(Appendix 3.A). Boiler designs today usually 
encompass a broader range of typical coals 
than initially intended to provide future flex
ibility. Single coal designs are mostly limited 
to mine-mouth plants, which today are usu
ally only lignite, subbituminous, or brown 
coal plants. The energy, carbon, moisttire. ash. 
and sulfur contents. as well as ash characte~is
tics, all play an important role in the value and 
selection of coal, in its transportation cost, 
and in the technology choice for power" gen
eration. For illustration. Table 3.2 gives typical 
values and ranges for various coal properties 
as a function of coal type. Although most of 
the studies available are based on bituminous 
coals, a large fraction of the power generated 
in the V.S. involves Western subbituminous . 
coals (>35%), such as Powder River Basin, be
cause of its low sulfur content. 
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Each of these coal properties interacts in a sig
nificant way with generation technology to af
fect performance. For example, higher sulfur 
content reduces PC generating efficiency due 
to the added energy consumption and oper-' 
ating costs' to remove SOx from the flue gas. 
High ash content requires PC design changes 
to manage erosion. High. ash is a particular 
problem with Indian coals. Fluid-bed com
bustion is well suited to high-ash coals, low
carbon coal waste, and lignite. Several high
efficiency, ultra-supercritical and sl1percritical 
PC generating units have recently been com
mission'ed in Germany burning brown coal or 
lignite, and several new CFB units have been 
constructed in Eastern Europe, the U.S., Tur
key and India burning lignite and in Ireland 
burning peat[23, 24]. 

Coal types with lower energy content and 
higher moisture content Significantly affect 
capital cost and generating efficiency. About 
50% of U.S. coal is sub-bituminous or lignite. 
Using bituminous Pittsburgh #8 as the refer
ence, PC units designed for Powder River Ba
sin (PRB) coal and for Texa~ lignite have an 
estimated 14% and 24% higher capital cost 
respectively. Generating efficiency decreases 
but by a smaller percentage (Appendix 3.A, 
Figure A-3.A.3) [~5]. However, the lower cost 
of coal types with lower heating ~alue can off
set the impact of this increas.ed capital cost 
and decreased efficiency, thus, resulting in 
very little impact on COE. Using average 2004 
mine-mouth coal prices and PC generation, 
the COE for Illinois #6. PRB, and Texas lignite 
is equal to or less than that for Pittsburgh #8 
(Appendix 3.A, Figure A·3.A.4). 

U.S. CRITERIA POLLUTANT IMPACTS. 

Although coal-based power generation has a 
negative environmental image. advanced PC 
plants have very low emissions; and PC emis
sions control technology continues to improve 
and will improve further (Appendix 3.D), It is 
not clear when and where the ultimate limits 
of flue gas control will be reached. In the U.S., 
particulate removal, via electrostatic precipita-



tors (ESP) or fabric filters, is universally prac
ticed with very high levels of removal (99.9%). 
Flue .gas desulfurization has been added to 
less than one-third of U.S. coal-based gener
ating capacity [2], and post-combustion NOx 

cont·rol is practiced on about 10% of the coal
based generating capacity. 

The Clean Air Act (1990) set up a cap and 
trade system for SOx [26] and established 
emissions reductions guidelines for NOx• TIlis 
has helped produce a 38% reduction in total 
SOx emissions over the last 30 years, while 
coal-based power generation grew by 90%. 
Total NOx emissions have been reduced by 
25% ~:)Ver this period. Recent regulations, in
cluding NAAQS[27], the Clean Air Interstate 
Rule (CAIR) [28], and the Clean Air Mercury 
Rule (CAMR) [29] will require an additional 
60% reduction in total SOx emissions and an 
additional 45% reduction in total NOx emis.,. 
sions nationally by 2020. During this period, 
coal-based generation is projected to grow 
about 35%. Mercury reduction initially comes 
with SOx abatement; additional, mandated re
ductions come after 2009. NAAQS have pro
duced a situation in which permitting a new 
coal generating unit requires extremely low 
emissions of particulate matter (PM), SOx.' 
and NOx' driven by the need to meet strin
gent, local air quality requirements, essentially 
independent of national emissions caps. 

Newly permjtted coal-fired PC units routinely 
achieve greater than 99.5% particulate control; 
and removal efficiencies greater than 99.9% are 
achievable at little additional cost. Wet flue
gas desulfurization (FGO) can achieve 95% 

SOx removal without. additives and 99% SOx 
removal with additives [30]. Selective catalytic 
reduction (SCR), combined with 10w-NOx 
combustion technology, routinely achieves 
90+% NOx reduction over non-controlled 
emissiqns levels. New. advanced PC units in 
the u.S. are currently achieving criteria pollut
ant emissions reductions consistent with the 
performance outlined above and have emis
sions levels that are at or below the emissions 
levels achieved by the best PC units in Japan 
and Europe (Appendix 3.0). 

Today, about 25% of the mercury in the coal 
burned is removed by·the existing tluegas treat
ment technologies in place, primarily with the 
tly ash via electr~static precipitators (ESP) or 
fabric filters. Wet FGD achieves 40-60% merCll
ry removal; and when it is combined with SCR. 
mercury removal could approach 95% for bi
tuminous coals [31]. For sub bituminous coals. 
mercury removal is typically less than 40%, and 
may be significantly less for lignite, even when 
the flue gas clean-up technologies outlined 
above are in use. However, with activated car
bon or brominated activated carbon injection 
removal rates can be increased to -90% [31 J. 
Optimization of existing technologies and new 
technology innovations can be expected to 
achieve> 90% mercury removal on most if not 
all coals within the next 10-15 years. 

Table 3.3 gives the estimated incremental 
impact on the COE of the flue gas treatment 
technologies to meet the low emissions levels 
that are the design basis of this study, vs. a PC 
unit without controls. The impact of achiev
ing these levels of control is about 1.0 ¢/kWe-h 
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or about 20% of the total'COE from a highly
controlled PC unit. Although mercury con
trol is not explicitly addressed here, removal 
should be in the 60-80% range for bituminous 
coals. including Illinois #6 coal, and less for 
subbituminous coals and lignite. We estimate 
that the incremental costs to meet CAIR and 
CAMR requirements and for decreasing the 
PM, SOK' and NOx emissions levels by a fac
tor of 2 from the current best demonstrated 
emissions performance levels used for:Table 
3.3 would increase the cost of electricity by 
about an additional 0.22 ¢/kWc-h (Appendix 
3.0, Table A-3DA). The total cost' of emis
sions control is still less than 25% of the cost 
of the electricity produced. Meeting th~' Fed
eral 2015 emissions levels is not a question of 
control technology capabilities but of uniform 
application of current technology. Meeting lo
cal emissi~ns requirements may be a different 
matter. 

PULVERIZED COAL COMBUSTION GENERATING 
TECHNOLOGY: WITH C~2 CAPTURE 

CO2 capture with PC combustion generation 
involves CO2 separation and recovery from 
the flue gas, at low concentration and low par
tial pressure. Of the possible approaches to 
separation [32], chemical absorption with 
amines, such as ~onoethanolamine (MEA) or 
hindered amines, is the commercial process 
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of ' choice [33,341. Chemical absorption offers 
high capture efficiency and selectivity for air- ' 
blown units and can be used with sub-, super-, 
and ultra-supercritical generation as illustrat
ed in Figure 3.4 for a subcritical PC unit. The 
CO2 is first captured from the flue gas stream 
by absorption into an amine solution in an ab
sorption lower. The absorbed CO2 must then 
be stripped from the amine solution via a tem
perature increase,· regenerating the solution 
for recycle to the absorption tower. The recov
ered CO2 is cooled, dried, and compressed to a 
supercritical fluid. It is then ready to be piped 
to storage. 

CO2 removal from flue gas requires energy. 
primarily in the form of low-pressure steam 
for the regeneration of the amine solution. 
This reduces steam to the turbine and the net 
power output of the generating plant. Thus, to 
maintain constant net power generation the 
coal input must be increased, as well as the size 
of the boiler, the steam turbine/generator. and 
the equipment for flue gas clean-up. etc. Ab
sorptio'n solutions that have high CO2 binding 
energy are required by the low concentration 
of CO2 in the flue gas, and the energy require
ments for regeneration are high. 

A subcritical PC unit with CO2 capture (Fig
ure 3.4), that produces 500 MWc net power, 
requires a 37% increase in plant, size and in 
coal feed rate (76,000 kg/h more coal) vs. a 



Figure 3.4 SubcriticalSOO MWe Pulverized Coal Unit with CO2 Capture 
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500 MWe unit without CO2 capture (Figure 
3.2). The generating efficiency is reduced from 
34.3% to 25.1 % (Table 3.1). The primary fac
tors i~ efficiency reduction associated with ad
dition of CO2 capture are illustrated in Figure 

'3.5. The thermal energy required to recover 
CO2 from the amine solution reduces the ef
ficiency by 5 percentage points. The energy 
required to compress the CO2 from 0.1 MPa 
to about 15 MPa ( to a supercritical fluid) is 
the next largest factor, reducing the efficiency 
by 3.5 percentage points. All other energy re
quirernentsamount to less than one percent
age point. 

An ultra-supercritical PC unit with CO~ cap
ture (Figure 3.6) that produces the same net 
power output as an ultra-supercritical PC unit 
without CO2 capture (Figure 3.3) requires a 
27% increase in unit size and in coal feed rate 
(44,000 kg/h more coal). Figure 3.7 illustrates 
the main factors in efficiency reduction asso
ciated with addition of CO2 capture to an ul
tra-supercritical PC unit. The overall efficien
cy reduction is 9.2 percentage points in both 
cases, but the uItra-supercritical, non-capture 
unit starts at a sufficiently high efficiency that 
with CO2 capture, its efficiency is essentially 
the same as that of the subcritical unit without 
CO2 capture. 
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Figure 3.5 Parasitic Energy Requirements for a 
Subcritical Pulverized Coal Unit With Post-Combustion 
CO2 Capture 
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COST OF ELECTRICITY FOR AIR-BLOWN PULVER
IZED COAL COMBUSTION 

The cost of electricity (COE), without and with 
CO2 capture, was developed for the competing 
technologies analyzed in this report through 
a detailed evaluation of recent design studies, 
combined with expert validation. Appendix 
3.C lists the studies that formed the basis for 
our report (Table A-3.C.2), provides more de
tail on each, and details the approach used. The / 
largest and most variable component of COE 
among the studies is the capital charge, which 
is dependent on the total plant (or unit) cost 
(TPC) and the cost of capital. Figure 3.8 shows 
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Figure 3.6 Ultra-SupercriticalSOO MWe Pulverized Coal Unit with COl Capture 
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the min, max, and mean of the estimated TPC 
for each technology expressed in 2005 dollars. 
Costs are for a 500 MWe plant and are given in 
$/kWe net generating capacity. 

In addition to the variation in TPC, each of 
these studies used different economic and op
erating parameter assumptions resulting in a 
range in the capital carrying cost. in the O&M 
cost, and in the fuel cost. The differences in 
these assumptions among the studies account 
for much of the variability in the reported 
COE. 'lhe COE from these studies is shown in 
Figure 3.9, where the "as-reported" bars show 
the min, max, and mean in the COE for the 
different technologies as reported in the stud-
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ies in the dollars of the study year. Appendix 
3.e provides more detail. 

. To compare the studies on a more consistent 
basis, we recalculated the COE for each of the 
studies using the normalized economic and 
operating parameters listed in Table 3.4. O&M 
costs are generally considered to be technology 
and report-specific and were not changed in 
this analysis. Other factors that contribute to 
variation include regional material and labor 
costs, and coal quaHty impacts. The "normal
ized" bars in Figure 3.9 summarize the results 
of this analysis of these design studies. 

Figure 3.7 Parasitic Energy Requirements for an 
. Ultra-Supercritical Pulverized Coal Unit with Post
Combustion CO2 Capture 
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fuel price and put all cost components in 2005 
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To develop the COE values for this report, we 
took the .TPC numbers from the design stud
ies (Figure 3.8), adjusted them to achieve in
ternal consistency (e.g. SubC PC<SC PC< USC 
PC), then compared our TPC numbers with 
industry consensus group numbers [351 and 
made secondary adjustments based on ratios 
and deltas from these numbers. This produced 
the TPC values in Table 3.1. Using these TPC 
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numbers, the parameters in Table.3.4, and es
timated O&M costs, we calculated the CaE 
for each technology, and these are given in 
Table 3.1. 

Total' plant costs shown above and in Table 
3.1 were developed during a period of price 

. stability [2000-2004] and were incremented 
by CPI inflation to 2005$. These costs and the 
deltas among them were well vetted, broadly 
accepted, and remain valid in comparing costs 
of different generating technologies. However, 
significant cost intlation from 2004 levels due 
to increases in engineering and construction 
costs.including labor, steel, concrete and other 
consumables used for power plant construc
tion .. has been between 25 and 30%. Thus, a 
SCPC unit with an estimated capital cost of 
$1330 (Table 3.1) is now projected at $1660 to 
$1730/ kWe in 2007$. Because we have no firm 
data on how these cost increases will affect the 
cost of the other technologies evaluated in this 
report, the discussion that follows is based on 
the c9st numbers in Table 3.1, which for rela
tive c,omparison purposes remain valid. 

For PC generation 'without CO2 capture, the 
CaE. decreases from 4.84 to 4.69 ¢/kWc-h 
from sub critical to ultra-supercritical technol
ogy because efficiency gains outweigh the ad
ditional capital cost (fuel cost component de
creases faster than the capital cost component 
increases). Historically, coal cost in the u.s. 
has been low enough that the economic choice 
has been subcritical PC. The higher coal costs 
in Europe and Japan have driven the choice 
of higher-efficiency generating technologies, 
supercritical and more recently ultra-super
critical. For the CFB case, the COE is similar 
to that for the PC cases, but this is because 
cheaper lignite is the feed, and emissions con
trol is less costly. The CFB design llsed here 
does 'not achieve the very low criteria emis
sions :achieved· by our PC design. For lIlinois 
#6 and comparable emissions limits, the COE 
for the CFB would be significantly higher. 

The increase in COE in going from no-capture 
to CO2 capture ranges from 3.3 ¢/kWe-h for 
subcritical generation to 2.7 ¢/kWe-h for ultra-

Figure 3.8 Total Plant Cost for Air-Blown Coal Combustion 
Power Generation Technologies from Recent Design Studies. 
The Min, Max, and Mean (2005 Dollars) Are Shown When Multiple 
Studies Evaluated a Given Technology, 
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supercritical generation (Table 3.1). Over half 
of this increase is due to higher capital carrying 
charge resulting from the increased boiler and 
steam turbine size and the added CO2 capture, 
recovery, and compression equipment. About 
two thirds of the rest is due to higher O&M 
costs associated with the increased operational 
scale per kWe and with CO2 capture and recov
ery. For air-blown PC combustion technolo
gies, the cost of avoided CO2 is about $41 per 
tonne. These costs are for capture, compression 
and drying, and do not include the pipeline, 
transportation and sequestration costs. 

The largest cause of the efficiency reduction 
observed with CO2 capture for air-blown PC 
generation (Figure 3.5 and 3.7) is the energy 
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Figure 3.9 Cost of Electricity from Design Studies As-Reported and Using Normalized 
Economic arid Operating Parameters for Air-Blown Coal Combustion Generating Technologies. 
Min, Max, and Mean (2005$) for Multiple Studies. 
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required to regenerate the amine solution 
(recovering the CO2), which produces a 5 
percentage point efficiency reduction. If this 
component could be reduced by 50% with 
an efficient, lower-energy capture technol
ogy, the COE for supercritical capture would 
be reduced by about 0.5 ¢/kWe-h to about 7.2 
¢/kWe-h and by about 0.4 ¢/kWe-h for ultra
supercritical generation. This would reduce 
the CO2 avoided cost to about $30 per tonne, 

. a reduction of over 25%. 

RETROFITS FOR CO2 CAPTURE 

Because of the large coal-based PC gerierating 
fleet in place and the additional capacity that 
will be constructed in the next two decades, the 
issue of retrofitting for CO2 capture is impor
tant to the future management of CO2 emis-

. sions. For air-blown PC combustion units, ret
rofit includes the addition ora process unit to 
the back end of the flue-gas system to separate 
and capture CO2 from the flue gas, and to dry 
and compress the CO2 to a supercritical fluid, 
ready for transport and sequestration. Since 
the existing coal Heet consists of primarily 

subcritical units, another option is to rebuild 
the boiler/steam system, replacing it with high 
efficiency sllpercritical or ultra-supercritical 
technology. including post-combustion CO2 

capture. Appendix 3.E provides a more-de
tailed analysis of retl'Ofits and rebuilds. 

For an MEA retrofit of all existing subcriti
cal PC unit, the net electrical output can be 
derated by over 40%, e.g., from 500 MWc to 
294 MWe [36], In this case, the efficiency de
crease is about 14.5 percentage points (Ap
pendix 3.E) compared to about 9.2 percentage 
points for purpose-built subcritical PC units, 
one no-capture and the other capture (Table 
3.1). With the retrofit, the steam required to 
regenerate the absorbing solution to recover 
the CO2 (Figure 3.4), unbalances the rest of 
the plant so severely that the efficiency is re
duced another 4 to 5 percentage points. In the 
retrofit case, the original boiler is running at 
full design capacity, but the original steam tur
bine is operating at about 60% design rating, 
which is well off its efficiency optimum. Due 
to the large power output reduction (41 % de
rating), the retrofit capital cost is estimated to 
be $1600 per kW~ [361. This was for a specific 



unit with adequate space; however. retrofit 
costs are ,expected to be highly dependent on 
location and unit specifics. If the original unit 
is considered fully paid off. we estimate the 
COE after retrofit could be slightly less than 
that for a new purpose-built PC unit with CO2 

capture. However. an operating plant will usu
ally have some residual value, and the reduc
tion in unit efficiency and output. increased 
on-site space requirements and unit downtime 
are all complex factors not fully accounted for 
in this analysis. Based on our analysis. we con
clude that retrofits seem unlikely. 

Another approach, though not a retrofit, is 
to rebuild the core of a sub critical PC unit, 
installing supercritical or ultra-supercritical 
technology along with post-combustion CO2 

capture. Although the total capital cost for 
this approach is higher, the cost/kWe is about 
the same as for a subcritical retrofit. The re
sultant plant efficiency is higher, consistent 
with ,that of a purpose-built unit with capture; 
the net power output can essentially be main
tained: and the COE is about the same due to 
the overall higher efficiency. We estimate that 
an ultra-supercritical rebuild with MEA cap
ture will have an efficiency of 34% and pro
duce electricity for 6.91 ¢/kWc-h (Appendix 
3.E). ,We conclude that rebuilds including CO2 

capture appear more attractive than retrofits. 
partieularly if they upgrade low-efficiency PC 
units with high-efficiency technology, includ
ing CO2 capture. 

CAPTURE-READY A unit can be considered 
capture-ready if, at some point in the future, 
it can be retrofitted for CO2 capture and se
questration and still be economical to operate 
[371. Thus, capture-ready design refers to de
signing a new unit to reduce the cost of and to 
facilitate adding CO2 capture later or at least 
to not preclude addition of capture later. Cap
ture-ready has elements of ambiguity associ
ated with. it because it is not a specific design, 
but includes a range of investment and design 
decisions that might be undertaken during 
unit design and construction. Further. with an 
uncertain future policy environment. signifi
cant pre-investment for CO2 capture is typi-

cally not economically justified [38]. However. 
some actions make sense. Future PC plants 
should employ the highest economically ef
ficient technology and leave space for future 
capture equipment if possible, because this 
makes retrofits more attractive. Siting should 
consider proximity to geologic storage. 

OXYGEN-BLOWN COAL-BASED POWER GENERA
TION 

The major problems with CO2 capture from 
air-blown PC combustion are due to the need 
to capture CO2 from flue gas at low concentra
tion and low partial pressure. This is mainly 
due to the large amount of nitrogen in the flue 
gas. introduced with the combustion air. An
other approach to CO2 capture is to substitute 
oxygen for air, essentially removing most of the 
nitrogen. We refer to this as oxy-fuel PC com
bustion. A different approach is to gasify the 
coal and remove the CO2 prior to combustion. 
Each of these approaches has advantages and 
disadvantages, but each offers opportunities 
for electricity generation with reduced CO2-

capture costs. We consider these approaches 
next in the form of oxy-fuel PC combustion 
and Integrated Gasification Combined Cycle 
(TGCC) power generation. 

Table 3.5 summarizes representati\re perfor
mance and economics for oxygen-blown coal
based power generation technologies. Oxy
fuel combustion and IGCC were evaluated 
using the same bases and assumptions used for 
the PC combustion technologies (Table 3.1). 
In this case the estimates are for the NIh unit 
or plant where N is a relatively small number, 
< 10. In this report. we use gasification and 
IGCC to mean oxygen-blown gaSification or 
oxygen-blown IGCC. If we mean' air-blown 
gasification, it will be explicitly stated. 

OXY-FUEL PULVERIZED COAL (PC) COMBUS
. liON 

This approach to capturing CO2 from PC 
units involves burning the coal with -95% 
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pure oxygen instead of air as the oxidant[39-
. 411.The~flue gas then consists mainly of car

bon dioxide and water vapor. Because of the 
low concentration of nitrogen in the oxidant 
gas (95% oxygen), large quantities of flue gas 
are recycled to maintain design temperatures 
and required heat fluxes in the boiler, and dry 
coal-ash conditions. Oxy-fl.lel enables capture 
of CO2 by direct compression of the fl~e gas 
but requires an air-separation unit, (ASU) to 
supply the oxygen. The ASU energy consump
tion is the major factor in reducing the effi
dency of oxy-fuel PC combustion. rlhere are 
no practical reasons for applying oxy-fuel ex
cept for CO2 capture. 

Mil STUDY ON 1Hf FI;TURE or COAl 

A block diagram of a 500 MWe oxy-fuel gen
erating unit is shown in Figure 3.10 with key 
material flows shown. Boiler and steam cycle 
are stlpercritical. The coal feed rate is higher 
than that for supercritical PC without capture 
because of the power consumption of the air 
separation unit but lower than that for a super
critical PC with MEA CO2 capture (Table 3.1). 
In this design, wet FGD is used prior to recycle 
to remove 95% of the SOx to avoid boiler 'cor
rosion problems and high SOx concentration 
in the downstream compression/separation 
equipment. Non-condensables are removed 
from the compressed rue gas via a two-stage 
flash. The composition requirements (purity) 
of the CO2 stream for transport and geologi
cal injection are yet to be established. The 
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Figute 3.10 500 MWe 54percritical Oxy-Fuel Generating Unit with COl Capture 
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generating efficiency is 30.6% (HHV), which 
is ab~ut 1 percentage point higher than super
critical PC with MEA CO2 capture. Current 
design work suggests that the process can be 
further simplified with/SOx and NOx removal 
occurring in the downstream compression & 
separation stage at reduced cost [42). Further 
work is needed. 

I 

Figure 3.11 shows the parasitic energy re
quirements for oxy-fuel PC generation with 
CO2 ~capture. Since the steam cycle is super
critkal for the oxy-fuel case, supercritical PC 
is used as the comparison base. The oxy-fuel 
PC unit has a gain over the air-driven PC case 
due to improved boiler efficiency and reduced 
emissions control energy requirements, but 
the ~nergy requirement of the ASU, which 
produces a 6.4 percentage point reduction, 
outw~ighs this efficiency improvement. The 
overall efficiency reduction is 8.3 percentage 
points from supercritical Pc. More efficient 
oxygen separation technology would have a 
significant impact. 

A key unresolved issue is the purity require
ments of the supercritical CO2 stream for geo-

Lime Slurry 

+ 
Flue Gas Clean-up 

Removal: 
Particulates 99+% 

NO, ro permit 
50,98% 

! CO) . 
. Compresslonl 

Purification System 

Stack Gas 
113,000 kg/hr 

380(,0.10 MPa 

~~. 

Fly Ash & Wet Solids 

logical injection (sequestration). Our design 
produces a highly-pure CO2 stream, similar 
to that from the PC capture cases, but incurs 
additional cost to achieve this purity level. If 
this additional purification were not required 
for transport and geologic sequestration of the 
CO2, oxy-fuel PC combustion could gain up 
to one percentage point in efficiency, and the 
COE could be reduced by up to 0.4 ¢/kWc·h. 

Oxy-fuel PC combustion is in early commer
cial development but appears to have consid
erable potential. It is under active pilot-scale 
development [43,' 44); VattenfaH plans a 30 
MWrh CO2-free coal combustion plant for 
2008 start-up[43); Hamilton, Ontario is de
veloping a 24 MWe oxy-fuel electricity, gen
eration project [45); and other projects can be 
expected to be announced. 

ECONOMICS Because there is no commercial 
experience with oxy-fuel combustion and lack 
of specificity on CO2 purity requirements for 
transport and sequestration in a future regu
latory regime, the TPC in the limited design 
studies ranged broadly [13, 39, 41, 46) (Ap
pendix 3.C, Table A-3.C.2, Figure A-3.C.l), 

Cclrbon Dioxide 
470,000 kg/hr 
15.2 MPa 
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Figure 3.11 Parasitic Energy Requirement for Oxy
Fuel Pulverized Coal Generation with CO2 Capture Vs. 
Supercritical PC without CO2 Capture 

Only the Parsons study estimated the COE 
[13]. As with PC combustion, we reviewed the 
available design studies (Appendix 3.C), our 
plant component estimate of costs, and ex
ternal opinion of TPC to arrive at a projected 
TPC (Table 3.5). We estimated generating ef
ficiency to be 30.6% from the Integrated Envi
ronmental Control Mode1(5}. We appli~d our 
normalization economic and operating pa
rameters (Table 3.4) to calculate a COE of 6.98 
¢/kWt:-h (Table 3.5). There may be some up
side potential in these numbers if supercritical 
CO2 stream purity can be relaxed and design 
efficiencies gained. but more data are needed. 

RETROFITS Oxy-fuel is a good option for ret
rofitting PC and FBC units for capture since 
the boiler and steam cycle are less aftected by 
an oxy-fuel retrofit; the major impact being an 
increased electricity requirement for the aux
iliaries, particularly the ASU. Bozzutoestimat
ed a 36% derating for an oxy-fuel retrofit vs. 
a 41% derating for MEA capture·on the same 
unit [361. In summary, the oxy-fuel retrofit op
tion costs about 40% less on a $/kWe basis. is 
projected to produce electricity at 10% to 15% 
less than an MEA retrofit. and has a signifi
cantly lower CO2 avoidance cost (Appendix 
3.E). Oxy-fuel rebuild to improve efficiency is 
another option and appears to be competitive 
with a high-efficiency MEA rebuild 147}. 

INTEGRATED GASIFICATION COMBINED CYCLE 
(IGCC) 

Integrated gasification combined cycle (IGCC) 
technology produces electricity by first gasify
ing coal to produce syngas. a mixture of hy
drogen and carbon monoxide[48, 49]. The 
syngas, after dean-up. is burned in a gas tur
bine which drives a generator. Turbine ex
haust goes to a heat recovery generator to raise 
steam which drives a steam turbine generator. 
This combined cycle technology is similar to 
the technology used in modern natural gas 
fired combined-cycle power plants. Appendix 
3.B provides more detail on gasification. 

TIle key component in IGCC is the gasifier, for 
which a number of different technologies have 
been developed and are classified and summa
rized in Table 3.6. 

Gasifier operating temperature depends on 
whether the ash is to be removed as a solid, 
dry ash or as a high-temperature liquid (slag). 
Outlet temperature depends on the flow re
gime and extent of mixing in the gasifier. For 
the current IGCC plants, oxygen-blown. en
trained-flow gasifiers are the technology of 
choice. although other configurations are be
ing evaluated. 

Four 275 to 300 MW~ coal-based IGCC dem
onstration plants, which are all in commercial 
operation, have been built in the U.S. and in 
Europe, each with government financial sup
port [50] [33]. Five large IGCC units (250 to 
550 MWe) are operating in refineries gasifying 
asphalt and refinery wastes [51, 52};a smaller 
one.( 180 MWe) is operating on petroleum coke. 
The motivation for pursuing IGCC is the po
tential for better environmental performance 
at a lower marginal cost, easier CO2 capture 
for sequestration, and higher efficiency. How
ever, the projected capital cost (discussed be
low) and operational availability of today's 
IGCC technology make it difficult to compete 
with conventional PC units at this time. 
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IGCC: WITHOUT CO2 CAPTURE 

There are several commercial gasifiers which 
can be employed withIGCC [53] (see Ap
pendix 3.B for details). A block diagram of a , 
500 MWe IGCC unit using a radiant cooling! 
quench gasifier is shown in Figure 3.12. Finely 
ground coal, either dry or slurried with water, 
is introduced into the gasifier, which is operat
ed at'presslires between 3.0 and 7.1 MPa (440 
to 1()50 psi), along with oxygen artd water. 
Oxygen is supplied by an air separation unit 
(ASU). The coal is partially oxidized raising 
the temperature to between 1340 and 1400 (Ie. 
This assures complete carbon conversion by 
rapid reaction with steam to form an equilib
rium:gas mixture that is largely hydrogen and 
carbon monoxide (syngas). At this tempera
ture, ; the coal mineral matter melts to form 
a free-flowing slag. The raw syngas exits the 
gasifi~ation unit at pressure and relatively high 

I 
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High 

Slrlgginq 

< 100~m 

Unlimited 

(onvrrsion Pure syngas, high carbon 

temperature, with radiative heat recovery rais
ing high-pressure steam. Adequate technol
ogy does not exist to clean-up the raw syngas 
at high temperature. Instead, proven technol
ogies for gas clean-up require near-ambient 
temperature. 'Thus, the raw syngas leaving the 
gasifier can be quenched by injecting water, or 
a radiant cooler, and/or a fire-tube (convec· 
tive) heat exchanger may be used to cool it to 
the required temperature for removal of par
ticulate matter and sulfur. 

The clean syngas is then burned in the com
bustion turbine. The hot turbine exhaust gas 
is used to raise additional steam which is sent 
to the steam turbine in. the combined-cycle 
power block for electricity production. For 
the configuration shown (See Box 3.1), the 
overall generating efficiency is 38.4% (HHV), 
but coal and gasifier type, will impact this 
number. 

Figure 3.12 500 MW.IGCC Unit without CO2 Capture 
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IGCC: WITH PRE-COMBUSTION CO2 CAPTURE 

Applying CO2 capture to IGCC requires three 
additional process units: shift reactors, an ad
ditional CO2 separation process, and CO2 

compression and drying. In the shift reactors, 
CO in the syngas is reacted with steam over 
a catalyst to produce CO2 and hydrogen. Be
cause the gas stream is at high pressure and 
has a high CO:! concentration, a weakly CO2-

binding physical solvent, such as the glymes in 
Selexol, can be used to separate out the CO2• 

Reducing the pressure releases the CO2 and 
regenerates the solvent, greatly reducing the 
energy requirements for CO2 capture and re
covery compared to the MEA system. Higher 
pressure in the gasifier improves the energy ef
ficiency of both the separation and CO2 com
pression steps. The gas stream to the turbine is 

MIT STUDY OM THE FUTURE Of COAl. 

now predominantly hydrogen, which requires 
turbine modifications for efficient operation. 

The block diagram with key material flows for 
a 500 MWe IGCC unit designed for CO2 cap
ture is shown in Figure 3.13. For CO2 capture, a 
full-quench gasifier is currently considered the 
optimum configuration. 'The overall generating 
efficiency is 31.2% which is a 7.2 percentage 
point reduction from the IGCC system with
out CO2 capture. Adding CO2 capture requires 
a 23% increase in the coal feed rate. This com
pares with coal feed rate increases of 27% for 
ultra-supercritical PC and 37% for sub critical 
PC when MEA CO2 capture is used. 

Figure 3.14 illustrates the major impacts on ef
ficiency of adding CO2 capture to IGCC. CO2 

compression and water gas shift each have 



, Figure 3.13 500 MW. IGCC Unit with CO2 Capture 
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signi~cant impacts. CO2 compression is about 
two-thirds that for the PC cases because the 
CO2 :js recovered at an elevated pressure. En
ergy is required in the form of steam for shift 
react.ion. The energy required for CO2 recov
ery is lower than for the PC case because of the 
high~r pressures and higher CO2 concentra
tions, resulting in less energy intensive separa
tion processes. The total efficiency reduction 
for IyeC is 7.2 percentage points as compared 
with ',9.2 percentage points for the PC cases. 
This smaller delta between the no-capture and 
the capture cases is one of the attractive fea
tures;of IGCC for application to CO2 capture. 

cosrOF ELECTRICITY We analyzed the avail
able IGee design studies, without and with ' 
CO2 'capture, just as we did for PC genera
tion, to arrive at a TPC and our estimate of the 
CaE; (Appendix 3.C). There was considerable 
variation ( .... $400/kWe from min to max) in 
the ~PC from the design studies for both no
captUre and capture cases as shown in Figure 
A-3.C.2 (Appendix 3.C). Each estimate is for a 
500 MWe plant and includes the cost of a spare 
gasifi~r. This variation is not surprising in that 
the studies involved two gasifier types, and 
there: is little commercial experience against 
which to benchmark costs. There is a variation 
(min: to max) of 0.8 ¢/kWe-h for no capture 
and 0.9 ¢/kWe-h for CO2 capture in the "as
repor'ted" CaE in the studies (Figure A-3.CA, 
Appendix 3.C). 
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We used the same approach to estimate the 
CaE for IGCC as, for air-blown PC [54]. For 
rGCC w/o capture, the CaE is about 0.4 centl 
k\Ve-h higher than for supercritical PC genera
tion, driven by somewhat higher capital and 
operating costs. The increase in CaE tor IGCC 
when CO2 capture is added is about 1.4 ¢/kWo!
h. This is about half the increase projected for 
amine capture with supercritical Pc. The cost 
of avoided CO2 is about $ 20 per tonne which 
is about half that for air-blown PC technology. 
Oxy-fuel PC is in between air-blown PC with 
amine capture and IGCC with CO2 capture, 
based on currently available data. 

The CaE values 'developed. for this report 
compare well with the "normalized" values 

Figure 3.14 Parasitic Energy Requirement for IGCC 
with Pre-Combustion CO2 Capture 
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from the design studies evaluated (Figure A-
3.C.3 and A-3.C.4). Our values are close to the 
mean values for super-critical PC without and 
with capture. For IGCC, our values are at the 
high end of the range of the other design stud
ies. Our COE for oxy-fueI PC is slightly higher 

(1 than the Has-reported" values, although it is 
important to note that oxy-fuel data are based 
on only two published studies [44,55]. 

To further validate the findings in this sec
tion, we compared our tesultswith the COE 
estimates from several sources and summa
rize these results in Table 3.7. 5upercritical 
PC without capture is set as the reference at 
1.0. This suggests that without CO2 capture, 
the cost of electricity from IGCC will be from 
5 to 11 % higher than from supercritical Pc. 
When CO,:! capture is considered. the cost of 
electricity produced by IGCC would be in
creased by 30 'to 50% over that of supercrhical 
PC without capture, or 25 to 40% over that of 
IGCC without capture (Table 3.7). However, 
for supercritical PC with CO2 capture, the cost 
of electricity is exp~cted to increase by 60 to 
85% over the cost for supercritical PC with
out capture. These numbers are for green-field 
plants; they are also for the Nth plant where 
N is less than 10; and they are based on cost 
estimates from the relatively stable 2000-2004 
cost period. 

COAL TYPE AND QUALITY EFFECTS Although 
gasification can handle almost any carbon
containing material, coal type and quality can 
have a larger effect on IGCC than on PC gen
eration. IGCC units operate most effectively 
and efficiently on dry, high-carbon fuels such 
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as bituminous coals and coke. Sulfur content, 
which affects PC operation, has little effect on 
IGCC cost or efficiency, although it may im
pact the size of the sulfur dean-up process. 
For IGCC plants, coal ash consumes heat en
ergy to melt it, requires more water per unit 
carbon in the slurry, increases the size of the 
ASU. and ultimately results in reduced overall 
efficiency. This is more problematic for slurry
feed gasifiers, and therefore, high-ash coals are 
more suited to dry-feed systems (Shell), fluid
bed gasifiers (SHEL), or moving-bed gasifiers 
(Lurgi)[251. Slurry-fed gasifiers have similar 
problems with high-moisture coals and coal 
types with low heating values, such as lignite. 
These coal types decrease the energy density 

, of the slurry, increase the oxygen demand, and 
decrease efficiency. Dry-feed 'gasifiers are fa
vored for high-moisture content feeds. 

Coal quality and heating value impact IGCC 
capital cost and generatihg efficiency more 
strongly than they affect these parameters 
for PC generation (see Figure A-3.A.3, Ap
pendix 3.A) [251. However, the lm\rer cost of 
coals with low heating value can 'offset much 
of the impact of increased capital cost and re
duced efficiency. To illustrate, the capital cost 
per kWo: and the generating efficiency for an 
E-Gas IGCC plant designed for Texas lignite 
are estimated to be 37% higher and 24% lower 
'respectively than if the unit were designed for 
Pittsburgh #8 coal [25]. For PC combustion 
the impact is significantly less: 24% higher 
and 10% lower respectively. As a result, we es
timate that the'COE for Texas lignite genera
tion is about 20% higher (Figure A-3:A.4) than 
for Pittsburgh #8 coal because lower coal cost 
is not sufficient to offset the other increases. 



Tex~s lignite has a high-moisture content and 
a low-carbon content, which is particularly 
bad 'for a slurry-feed gasifier. For a dry-feed 
gasifier. such as the Shell gasifier, the lignite 
wouid compare more favorably. Optimum 
gasifier type and configuration are influenced 
by coal type and quality, but there are limited 
data ,on these issues. 

The available data illustrate several important 
trends and gaps. First, there is a lack of data 
and :design studies for IGCC with low-heat
ing value, low-quality coals and particularly 
for gasifiers other than water-slurry fed, en
train:ed-flow systems. Second, PC generation 
with~ut CO2 caphlre is slightly favored over 
rGCC (lower COE) for high heating value, 
bituminous coals, but this gap increases as 
PC ~team cycle efficiency increases and as 
coal heating value decreases. The COE gap is 
substantially widened (favoring PC) for coals 
with :low heating values, such as lignite. Third. 
for CO2 capture, the COE gap for high-heat
ing value bituminous coals is reversed and is 
substantial (IGCC now being favored); but as 
coal heating value decreases. the CaE gap is 
substantially narrowed. It appears that ultra
supercritical PC combustion and lower energy 
consuming CO2 capture technology, when de
veloped, could have a lower COE than water
slurry fed rGCC with CO2 capture. 'This area 
needs additional study. 

U.S. CRITERIA POLLUTANT IMPACTS - ENVIRON
MENTAL PERFORMANCE IGCC has inherent 
adva~tages with respect to emissions control. 
The overall environmental footprint of rGCC 
is smialler than that of PC because of reduced 
volume and lower leachability of the fused 
slag, reduced water usage and the potential for 
significantly lower levels of criteria pollutant 
emissions. Criteria emissions control is easier 
because most clean-up occurs in the syngas 
which is contained at high pressure and has 
not b:een diluted by combustion air, i.e. nitro
gen. Thus, remova] can be more etTective and 
economical than cleaning up large volumes of 
low-pressure flue gas. 

The two operating IGCC units in the U.S. are 
meeting their permitted levels of emissions, 
which are similar to those of PC units. How
ever, IGCC units that have been designed to 
do so can achieve almost order.:of-magnitude 
lower criteria emissions levels than typical 
current U.S. permit levels and 95+% mercury 
removal with small cost increases. Appendix 
3.D details the environmental performance 
demonstrated and expected. 

Our point CaE estimates suggest that al
though improvements in PC emissions con
trol technology, including mercury control, 
will increase the CaE from PC units, the lev
els of increased control needed to meet fed
eral emissions levels for 2015 should not make 
the CaE from a PC higher than that from an 
IGCe. We estimate 'that the increased emis
sions control to meet the u.s. 2015 regula
tions. including mercury, will increase the PC 
CaE by about 0.22 ¢/kWc-h to 5.00 ¢/kWe-h 
and the CaE for rGCC to 5.16 ¢/kWI!-h (Ap
pendix 3.0). This does nO,t include the cost of 
emissions allowances or major,' unanticipated 
regulatory or technological changes. Although 
the CaE numbers for PC and IGCC are ex
pected to approach one another, the cost of 
meeting criteria pollutant and mercury emis
sions reg~lations should not force a change in 
technology preference from PC to IGCC with
out CO2 capture. 

However, evaluation and comparison of gen
erating technologies for future construction 
need to incorporate the effect of uncertainty 
in the key variables into the economic evalu
ation. This includes uncertainty in technology 
performance, including availability and ability 
to cycle, and cost, in regulatory changes, in
cluding timing and cost, and in energy costs 
and electricity demand/dispatch. Forward 
estimates for each variable are set, values, 
bounds and probabilities are established; and 
a M~nte Carlo simulation is done producing a 
sensitivity analysis of how changes in the vari
ables affect the economics for a given plant. . 
This analysis shows that as permitted future 
pollutant emissions levels are reduced and the 
cost of emissions control increases, the NPV 



cost gap between PC and IGCC will narrow; 
and at some point, increased emissions con
trol can be expected to lead to IGCC having 
the lower NPV cost. ll1is, of course, depends 
on when and the extent to which ,these chang
es occur and on how emissions control tech
nology costs change with time and increasing 

. reduction requirements. This type of analysis 
is used widely in evaluating the commercial 
economics of large capital projects, of which 
generation is a set, but is outside the scope of 
this report. 

The same analysis applies to consideration of 
future CO2 regulations. The introduction of a 
CO2 tax at a future date (dependent on date 
of imposition, CO2 tax rate, rate of increase, 
potential grand fathering and retrofit costs) 
will drive IGCC to be the lowest NPV cost 
alternative at some reasonable set of assump
tions, and assuming· today's technology per
formance. Substantial technology innovation 
could change the outcome, as could changing 
the feed from bituminous coal to lignite. 

In light of all these considerations, it is clear 
that there is no technology today that is an ob
vious silver bullet. 

RETROFITS FOR CO2 CAPTURE Retrofitting 
an IGCC for CO2 capture involves changes 
in the core of the gasification/combustion/ 
power generation train that are different than 
the type of changes involved in retrofitting a 
PC plant for captu reo The choice of the' gas
ifier (slurry feed, dry feed), gasifier configura
tion (full-quench, radiant cooling, convective 
syngas coolers), acid gas clean-up, operating 
pressure, and gas turbine are dependent on 
whether a no-capture or a capture plant is be
ing built. Appendix 3.E treats IGCC retrofit
ting in more detaiL 

" No-capture designs tend to favor lower pres-
sure [2.8 to 4.1 MPa (400-600 psi)) and in
creased heat recovery from the gasifier train 
(radiant coolers and even syngas coolers) to 
raise more steam for the steam turbine, result
ing in a higher net generating efficiency. Dry 
feed (Shell) provides the highest efficiency and 
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is favored for coals with lower heating value, 
largely because of their higher moisture con
tent; but the capital costs are higher. On the 
other hand, capture designs favor higher-pres
sure [6.0 MPa (1000 psi)] operation, slurry 
feed, and full-quench mode[59]. Full-quench 
mode is the most effective method of adding 
sufficient steam to the rawsyngas for the water 
gas shift reaction without additional, expen
sive steam raising equipment and/or robbing 
stea~ from the steam cycle. Higher pressure 
reduces the cost of CO2 capture and recovery. 
and of CO2 compression. In addition, the de
sigh of a high-efficiency combustion turbine 
for high hydrogen concentration feeds is dif
ferent from combustion turbines optimized 
for syngas, requires further development, and 
has very little operating experience. In sum
mary, an optimum IGeC unit design for no 
CO2 capture is quite different from an opti
mum unit design for CO:! capture. 

Although retrofitting an IGCC unit for cap
ture would involve significant changes in most 
components of the unit if it is to result in an 
optimum CO2-capture unit, it appears that an 
IGCC unit eQuId be successfully retrofit by ad
dressing the key needed changes (adding shift 
reactors, an additional Selexol unit, and CO,! 
compression/drying). In this case, retrofitting 
an IGCC unit would appear to be less expen
sive than retrofitting a PC unit, although it 
would not be an optimum CO2-capture unit. 
Pre-investment for later retrofit will generally 
be unattractive and will be unlikely for a tech
nology that is trying to establish a competi
tive position. However, for IGCC, additional 
space could be set aside to facilitate future 
retrofit potential. In addition, planning for a 
pOSSible retrofit for capture could influence 
initial design choices (e.g., radiant quench vs. 

. full quench). 

IGee OPERATIONAL HISTORY In addition 
to cost, TGCC has to overcome the percep
tion of poor availability and operability. Ap
pendix 3.B provides more detail, beyond 
that discussed below. For each of the current 
IGCC demonstration plants, 3 to 5 years was 
required to reach 70 to 80% availability after 



commercial operation was initiated. Because 
of t~e complexity of the IGCC process. no 
single process unit or component of the to
tal system is responsible for the majority of 
the Unplanned shutdowns that these units 
have. experienced, reducing IGCC unit avail
ability. However, the gasification c~mplex or 
block has been the largest factor in reducing 
IGCC availability and operability. Even after 
reaching 70 to 80% availability. operational 
performance has not typically exceeded 80% 
consIstently. A detailed analysis of the operat
ing history of the Polk .Power Station over the 
last few years suggests that it is very similar to 
oper!lting a petroleum refinery, requiring con
tinuous attention to avert, solve and prevent 
mecryanical, equipment and process problems 
that periodically arise. In this sense, the opera
tion of an IGCC unit is significantly different 
from the operation of a PC unit, and requires a 
diffe~ent operational philosophy and strategy. 

I 

The Eastman Chemical Coal Gasification Plant 
uses h Texaco full-quench gasifier and a back
up g~sifier (a spare) and has achieved less than 
2% fQrced outage from the gasification/syngas 
system over almost 20 years operation. Spar
ing is one approach to achieving better on
line performance, and a vigorous equipment 
health maintenance and monitoring program 
is another. 'Ihere are five operating in-refin
ery IpCC units based on petroleum residu
als at:td/or coke; two are over 500 MW\! each. 
Several other refinery-based gasification units 
produce steam, hydrogen, synthesis gas. and 
pow~r. They have typically achieved better op
erating performance, more quickly than the 
coal-based IGCC units. Three more are under 
const'ruction. It is fair to say that IGCC is well 
established commercially in the refinery set
ting. iIGCC can also be considered commer
cial in the coal-based electricity generation 
settirig, but in this setting it is neither well 
established nor mature. As such. it is likely to 
undergo significant change as it matures. 

Our *nalysis assumes that IGCC plants. with 
or without capture, can "cycle" to follow load 
requirements. However, there is relatively 
little ~xperience with cycling of IGCC plants 

'.~ 

(although the 250 MWe Shell IGCC at Bug
genum operated for 2 years in a load follow
ing mode under grid dispatch in the general 
range 50-100% load, and the Negishi IGCC 
unit routinely cycles between 100 to 75% load, 
both up and down, in 30 min) so considerable 
uncertainty exists for these performance fea
tures. Because an IGCC plant is "integrated" 
in its operation any shortfall in this perfor
mance could cause considerable increase in 
both variable and capital cost. 

COAL TO FUELS AND CHEMICALS 

Rather than burning the syngas produced by 
coal gaSification in a combustion turbine. it 
can be converted to synthetic fuels and chemi
cals. The syngas is first cleaned of particulates 
and sulfur compounds and undergoes water 
gas shift to obtain the desired hydrogen to 
CO ratio. Fischer-Tropsch technology can be 
used to convert this syngas or "synthesis gas" 
into predominantly high-quality diesel fuel. 
along with naphtha and LPG. Fischer-Tropsch 
technology involves the catalytic conversion 
of the hydrogen and carbon monoxide in the 
synthesis gas into fuel range hydrocarbons. 
This technology has been llsed in South Africa 
since the 1950's. and 195,000 barrels per day 
of liquid fuels are currently being produced 
in theit country by Fischer-Tropsch. Synthesis 
gas can also be converted to methanol which 
can be used directly or be upgraded into high
octane gasoline. For gaseous fuels production, 
the synthesis gas can be converted into meth
ane, creating synthetic natural gas (SNG). 
Figure 3. I 5 illustrates three potential coal to 
fuels or chemicals process options. This type 
of process configuration could be called a coal 
refinery. More details are presented in Appen-
dix 3.E 

Methanol production from coal-based syn
thesis gas is also a route into a broad range 
of chemicals. The naphtha and lighter hydro
carbons produced by Fischer-Tropsch are an
other route to produce a range of chemicals. 
in addition to the diesel fuel produced. The 
largest commodity chemical produced from 



Figure 3.15 Coal to liquid Fuels, Synthetic Natural Gas and Chemicals 
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synthesis gas today is ammonia. Although 
most u.s. ammonia plants were _ designed to 
produce their syngas by 'reforming natural 
gas, world wide there are a significant number 
of ammonia plants that use syngas from coal 
gasification and more are under construction. 
These routes to chemicals are easily integrated 
into a coal refinery, as is power generation. 
Commercially, these processes will be applied 
to the extent that they make economic sense 
and are in the business portfolio of the operat
ing company. 

For such a coal refinery, all the carbon enter
ing in the coal exits as carbon in the tilels or 
chemicals produced, or as CO2 in concentrat
ed -gas form that could. easily be compressed 
for sequestration. In this case" of order 50% 
to 70% of the carbon in the coal would be in 
the form of CO2 ready for sequestration. If the 
gasification product . were hydrogen, then- es
sentially all the carbon entering the retinery 
in the coal would appear in concentrated CO2 

streams that could be purified and compressed 
for sequestration. Without carbon capture 
and sequestration (CCS), we estimate that the 
Fischer-Tropsch fuels route produces about 
150% more CO2 as compared with the use 
of the petroleum-derived fuel products. For 
SNG, up to 175% more COl is emitted than if 
regular natural gas is burned. With CCS, the 
full fuel-cycle CO2 emissions for both liquid 
fuel and SNG are comparable with traditional 
production and utilization methods. Fortu
nately, CCS does not require major changes to 
the process, large amounts of additional capi
tal, or significant energy penalties because the 
CO2 is a relatively pure byproduct of the pro-

Fischer Tropsch 
Conversion 

...... Methanatlon 

F-lLlqulds 
50,000 bbl/d 

Conversion to Gasoline 
Conversion to Chemica:s 

Direct Use ~ 

SN(j 
14 MM. SCF/Il 

. cess at intermediate pressure. CCS requires 
drying and compressing to supercritical pres
sure. As a result of this the CO2 avoided cost 
for CCS in conjunction with fuels and chemi
cals manufacture from coal is about one third 
of the CO2 avoided cost for IGCC. 
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Carbon dioxide capture and storage (CCS), the subject of this 
Special Report, is considered as one of the options for reducing 
atmospheric emissions of CO2 from human activities. The 
purpose of this Special Report is to assess the current state of 
knowledge regarding the technical, scientific, environmental, 
economic and societal dimensions of CCS and to place CCS 
in the context of other options in the portfolio of potential 
climate change mitigation measures. 

The structure of this Technical Summary follows that of 
the Special Report. This introductory section presents the 
general framework for the assessment together with a brief 
overview ofCCS systems. Section 2 then describes the major 
sources of CO2, a step needed to assess the feasibility of CCS 
on a global scale. Technological options for CO2 capture 
are then discussed in Section 3, while Section 4 focuses 
on methods of CO2 transport. Following this, each of the 
storage options is addressed. Section 5 focuses on geological 
storage, Section 6 on ocean storage, and Section 7 on mineral 
carbonation and industrial uses of CO2, The overall costs and 
economic potential of CCS are then discussed in Section 8, 
followed by an examination in Section 9 of the implications 
of CCS for greenhouse gas emissions inventories and 
accounting. The Technical Summary concludes with a 
discussion of gaps in knowledge, especially those critical for 
policy considerations. 

Overview of CO2 capture and storage 

CO2 is emitted principally from the burning of fossil fuels, 
both in large combustion units such as those used for electric 
power generation and in smaller, distributed sources such 
as automobile engines and furnaces used in residential and 
commercial buildings. CO2 emissions also result from some 
industrial and resource extraction processes, as well as from 
the burning of forests tturing land clearance. CCS would 
most likely be applied to large point sources of CO2, such 
as power plants or large industrial processes. Some of these 
sources could supply decarbonized fuel such as hydrogen to 
the transportation, industrial and building sectors, and thus 
reduce emissions from those distributed sources. 

CCS involves the use of technology, first to colle,ct and 
concentrate the CO2 produced in industrial and energy
related sources, transport it to a suitable storage location, 
and then store it away from the atmosphere for a long period 
of time. CCS would thus allow fossil fuels to be used with 
low emissions of greenhouse gases. Application of CCS to 
biomass energy sources could result in the net removal of 
CO2 from the atmosphere (often referred to as 'negative 

I In this report. EOR means enhanced oil recovery using CO~ 

SritHaW}',' 

emissiohs') by capturing and storing the atmospheric CO2 

taken up by the biomass, provided the biomass is not 
harve~ted at an unsustainable rate. 

Figure TS.l illustrates the three main components of the CCS 
process: capture, transport and storage. All three components 
are found in industrial operations today, although mostly not 
for the purpose of CO2 storage. The capture step involves 
separating CO2 from other gaseous products. For fuel
burning processes such as those in power plants, separation 
technologies can be used to capture CO2 after combustion 
or to .decarbonize the fuel before combustion. The transport 
step may be required to carry captured CO2 to a suitable 
storage site located at a distance from the CO2 source. To 
facilitate both transport and storage, the captured CO2 gas is 
typically compressed to a high density at the capture facility. 
Potential storage methods include injection into underground 
geological formations, injection into the deep ocean, or 
industrial fixation in inorganic carbonates. Some industrial 
processes also might utilize and store small amounts of 
captured CO2 in manufactured products. 

The technical maturity of specific CCS system components 
varies greatly. Some technologies are extensively deployed 
in mature markets, primarily in the oil and gas industry, while 
others are still in the research, development or demonstration 
phase. Table TS.l provides an overview of the current status 
of all CCS components. As of mid-2005, there have been 
three commercial projects linking CO2 capture and geological 
storage: the offshore Sleipner natural gas processing project 
in Norway, the Weyburn Enhanced Oil Recovery (EOR)' 
project in Canada (which stores CO2 captured in the United 
States) and the In Salah natural gas project in Algeria. Each 
captures and stores 1-2 MtC02 per year. It should be noted, 
however, that CCS has not yet been applied at a large (e.g., 
500 MW) fossil-fuel power plant, and that the overall system 
may not be as mature as some onts components. 



............• m." .. "m ....... " •. ________________ _ 

Figure TS.l. Schematic diagram of possible CCS systems. It shows the sources for which CCS might be relevant. as well as CO
2 

transport 
and storage o~tions (Courtesy C02CRC). . 

Why the interest ;n CO2 caplllre and storage? 

In J 992. international concern about climate change led to the 
United Nations Framework Convention on Climate Change 
(UNFCCC). 'The ultimate objective of that Convention is 
the "stabiliz~tion of greenhouse gas concentrations in the 
atmosphere at a level that prevents dangerous anthropogenic 
interference With the climate system". From this perspecti~e. 
the context Ifor considering CCS (and other mitigation 
options) is that of a world constrained in CO2 emissions, 
consistent ~ith the international goal of stabilizing 
atmospheric greenhouse gas concentrations. Most scenarios 
for global energy use project a substantial increase of CO

2 
emissions throughout this century in the absence of specific 
actions to mitigate climate change. They also suggest that 
the supply of; primary energy will continue to be ,dominated 
by fossil fueis until at least the middle of the century (see 
Section 8). The magnitude of the emissions reduction needed 
to stabilize th~ atmospheric concentration of CO2 will depend 
on both the level of future emissions (the baseline) and the 

I 

ppmv is p'arts per million by volume 

desired target for long-term CO2 concentration: the lower 
the stabilization target and the higher the baseline emissions. 

. the larger the required reduction in CO2 emissions. IPCC's 
Third Assessment Report (TAR) states that. depending on 
the scenario considered. cumulative emissions of hundreds 
or even thousands of gigatonnes of CO2 would need to 
be prevented during this century to stabilize the CO

2 
concentration at 450 to 750 ppmv2• The TAR also finds 
that, "most model results indicate that known technological 
options3 could achieve a broad range of atmospheric CO

2 

stabilization levels", but that "no single technology option 
will provide all of the emiss·ions reductions needed". Rather. 
a combination of mitigation measures will be needed to 
achieve stabilization. These known technological options are 
available for stabilization, although the TAR cautions that, 
"implementation would require associated socio-economic 
and institutional changes", 

~ "Known technological options" refer to technologies that are currently lit the operation or pilot-plant stages. as referred 10 in the mitigation scenarios discussed 
in IPCC's Third Assessment Report. The term does not include any new technologies that will require drastic technologiclll breakthroughs. It can be considered 
to represent a cpnservative estimate given the length of the scenario period. 
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Table TS.l. Current maturity of CCS system components. An X indicates the highest level of maturity for each component. There are also 
less mature technologies for most components. _ ... _-,,"-".- ... ~-~~--,-------- ,..... 
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Oxyfuel combustion x 
Industrial separation (natural gas processing, ammonia production) x 

Transportation Pipeline X 

Shipping. X 
1-----.......;.. .. M ..... - .. ~---li---;;...-..;;;..:.----------------------I---.... - ......... --........... -.1---.--..... ---.... - ....... ----

Geological storage Enhanced Oil Recovery (EOR) xe 
, Gas or oil fields x 

Saline formations x 
Enhanced ~oal Bed Methane recovery (ECBM)' 

!. ............ -----....... - .. -~.---'--+-:-----'----------'--'-'-----------t---'--f----+-..,----+----I 
X 

Ocean storage Direct injection (dissolution type) X 
1-1 ---=--------...;;...:.-----... -... - ..... ---.---f-.--... -... -.-.. ---+-----i'-----; 

Direct injection (lake type) , X 
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" Research phase means that the basic science is understood. but the technology is currently in the stage of conceptual design or testing at the labormory or 
bench scale. and has not been demonstrated, in a pilot plant. 

;, Demonstration phose means that the technology has been built and operated at the scale of a pilot plant. but further development is required before the 
technology is required before the technology is ready for the design and construction of a full-scale system. 

" Economically feasible under specific conditions means that the technology is well understood and used in selected commercial applications. for instance if 
there is a fnvourable tax regime or a niche market. or processing on in the order of 0.1 MtC01 yr'. with few (less than 5) replications of ~he technology. 

<I Mature market means that the technology is now in operation with multiple replications of the technology worldwide. 

r. CO2 injeciion for EOR is a mature market technology. but when used for CO2 storage, it is only economically feasible under specific conditions. 

, ECBM is the use. of CO2 to enhance the recovery of the methane present in unminable coni beds through the preferential adsorption of CO2 on coal. 
Un minable coal beds are unlikely to ever be mined. because they are too deep or too thin. If subsequently mined, the stored CO2 would be released. 

In this context, the availability of CCS in the portfolio of 
options for reducing greenhouse gas emissions could faeil itate 
the achievement of stabilization goals. Other technological 
options, which have been examined more extensively in 
previous IPCC assessments, include: (I) reducing energy 
demand by increasing the efficiency of energy conversion 
and/or utilization devices; (2) decarbonizing energy supplies 
(either by switching to less carbon-intensive fuels (coal to 
natural gas, for example), and/or by increasing the use of 
~enewable energy sources and/or nuclear energy (each of 
which, on balance, emit little or no CO2); (3) sequestering 
CO2 through the enhancement of natural sinks by biological 
fix~tion; and (4) reducing non-C02 greenhouse gases. 

Model results presented later in this report suggest that use of 
CCS in conjunction with other measures could significantly 
reduce the cost of achieving stabilization and would increase 
flexibility in achieving these reductions. Theheavy worldwide 
reliance on fossil fuels today (approximately 80% of global 
energy use). the potential for CCS to reduce CO2 emissions 
over the next century, and the compatibility of CCS systems 
with current energy infrastructures explain the interes( in this 
technology. 



Major issues jor this assessment 

There are a number of issues that need to be addressed in 
trying to und,erstand the role that CCS could play in mitigating 
climate change. Questions that arise, and that are addressed 
in different sections of this Technical Summary, include the 
following: 

What is the current status of CCS technology? 
What is t,he potential for capturing and storing CO2? 
What are: the costs of implementation? 
How long should CO2 be stored in order to achieve 
significa~t climate change mitigation? 
What are the health, safety and environment risks of 
CCS? 
What carl be said about the public perception of CCS? 
What are: the legal issues for implementing CO2 storage? 
What are the implications for emission inventories and 
accounting? 

• What is the potential for the diffusion and transfer of CCS 
technology? 

When analyzing CCS as an option for climate change 
mitigation, i't is of central importance that all resulting 
emissions from the system. especially emissions of CO2, be 
identified and assessed in a transparent way. The importance 
of taking a "'systems" view of CCS is therefore stressed. as 
the selection. of an appropriate system boundary is essential 
for proper analysis. Given the energy requirements associated 
with capture and some storage and utilization options. and the 
possibility of leaking storage reservoirs. it is vital to assess 
the CCS chain as a whole. 

From the: perspectives of both atmospheric stabilization 
and long-term sustainable development, CO2 storage must 
extend over time scales that are long enough to contribute 
significantly: to climate change mitigation. This report 
expres~es the, duration of CO2 storage in terms of the' fraction 
retained'. defined as the fraction of the cumulative mass 
of CO2 injected that is retained in a storage reservoir over 
a specified period of time. Estimates of such fractions for 
different time periods and storage options are presented later. 
Questions arise not only about how long CO2 will remain 
stored, but also what constitutes acceptable amounts of slow, 
continuous l~akage4 from storage. Different, approaches to 
this question :are discussed in Section 8. 

CCS would be an option for countries that have significant 
sources of CO2 suitable for capture, that have access to storage 
sites and experience with oil or gas operations, and that need to 
satisfy their development aspirations in a carbon-constrained 
environment., Literature assessed in the IPCC Special Report 
'Methodological and Technological Issues and Technology 

Transfer' indicates that there are many potential barriers 
that could inhibit deployment in developing countries, even 
of technologies that are mature in industrialized countries. 
Addressing these barriers and creating conditions that would 
facilitate diffusion of the technology to developing countries 
would be a major issue for the adoption of CCS worldwide. 

This section describes the major current anthropogenic 
sources of CO2 emissions and their relation to potential 
storage sites. As noted earlier, CO2 emissions from human 
activity arise from a number ,of different sources, mainly 
from the combustion of fossil fuels used in power generation. 
transportation, industrial processes, and residential and 
commercial buildings. CO2 is also emitted during certain 
industrial processes like cement manufacture or hydrogen 
production and during the combustion of biomass. Future 
emissions are also discussed in this section. 

Current CO2 sources and characteristics 

To assess the potential ofCCS as an option for reducing global 
CO2 emj~sions. the current global geographical relationship 
between large stationary CO2 emission sources and their 
proximity to potential storage sites has been examined. CO2 

emissions in the residential, commerical and transportation 
sectors have not been considered in this analysis because 
these emission sources are individually small and often 
mobile. and therefore unsuitable for capture and storage. The 
discussion here also includes an analysis of potential future 
sources of CO2 based on several scenarios of future global 
energy use and emissions over the next century. 

Globally. emissions of CO2 from fossil-fuel use in the year 
2000 totalled about 23.5 GtC02 yr' (6 GtC yr'). Of this. close 
to 60% was attributed to large (>0.1 MtC02 yr') stationary 
emission sources (see Table TS.2). However, not all of these 
sources are amenable to CO2 capture. Although the sources 
evaluated are distributed throughout the world. the database 
reveals four particular clusters of emissions: North America 
(midwest and eastern USA), Europe (northwest region), 
East Asia (eastern coast of China) and South Asia (Indian 
subcontinent). By contrast, large-scale biomass sources are 
much smaller in number and less globally distributed. 

Currently, the vast majority of large emission sources 
have CO2 concentrations of less than 15% (in some cases. 
substantially less). However, a small portion (less than 
2%) of the fossil fuel-based industrial sources have CO2 

concentrations in excess of 9~%. The high-concentration 
sources are potential candidates for the early implementation 

4 With respect to' CO2 stornge. leakage is defined as the escape of injected fluid from storage, This is the most common meaning used in this Summary, If used 
in the conte"t of trading of carbon dioxide emission reductions, it may signify the change in anthropogenic emissions by sources or removals by sinks which 
occurs outside the project boundary. 
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Table TS;2. Profile by process or industrial activity of worldwide large stationary CO2 sources with emissions of more than 0.1 MtCOz per 

year. 

Process Number ohources Emissions (MtCOz yr l ) 

Fossil fuels 

Power 

Cement production 

Refineries 

Iron and steel industry 

Petrochemical industry 

Oil and gas procesJiing 

Other sources 

4,942 

1,175 

638 

269 

470 

N/A 

90 

10,539 

932 

798 

646 
379 

50 
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Biomass 

~ioethanol ard bioenergy 

Total 

of CCS because only dehydration and compression would 
be required at the capture stage (see Section 3). An analysis 
of these high-purity sources that are within 50 km of storage 
formations and that have the potential to generate revenues 

. (via the use of CO2 for enhanced hydrocarbon production 
through ECBM or EOR) indicates that such sources 

. currently emit approximately 360 MtC02 per. year. Some 
biomass sources like bioethanol production also generate 
high-concentration CO2 sources which could also be used in 
similar applications. 

The distance between an emission location and a storage 
site can have a significant bearing on whether or not CCS 
can playa significant role in reducing CO2 emissions. Figure 

303 

7.887 

91 

13,466 

TS.2a depicts the major CO2 emission sources (indicated 
by dots), and Figure TS.2b shows the sedimentary basins 
with geological storage pr<?spectivity (shown in different 
shades of grey). In broad terms, these figures indicate that 
there is potentially good correlation between major sources 
and prospective sedimentary basins, with many sources 
lying either directly above, or within reasonable distances 
(less than 300 km) fl'Om areas with potential for geological 
storage. The basins shown in Figure TS.2b have not been 
identified or evaluated as suitable storage reservoirs; more 
detailed geological analysis on a regional level is required to 
confirm the suitability of these potential storage sites. 

Figure TS.2a. Global distribution of large stationary sources of CO2 (based on a compilation of publicly available information on global 
emission sources, lEA GHG 2002) 



Figure TS.2h. Prospective areas in sedimentary basins where suitable saline formations, oil or gas fields, or coal beds may be found. Locations 
for storage in,coal beds are only partly included. Prospectivity is a qualitative assessment of the likelihood that a suitable storage location 
is present in a given area based on the available information. This figure should be laken as a guide only. because it is based on partial data. 
the quality of which may vary from region to region. and which may change over time and with new information (Courtesy of Geoscience 
Australia). . 

Future emission sources 

In the IPCC Special Report on Emission Scenarios (SRES), 
the future emissions of CO2 are projected on the basis of six 
illustrative scenarios in which global CO2 emissions range 
from 29 to 44 GtC02 (8-12 GtC) per year in 2020. and from 
23 to 84 GtC02 (6-23 GtC) per year in 2050. It is projected 
that the number of CO2 emission sources from the electric 
power and industrial sectors will increase significantly 
until 2050, mainly in South and East Asia. By contrast. the 
number of such sources in Europe may decrease slightly. The 
proportion of sources with high and low CO2 content will 
be a function of the size and rate of introduction of plants 
employing gasification or liquefaction of fossil fuels to 
produce hydrogen, or other liquid and gaseous products. The 
greater the number of these plants. the greater the number of 
sources with high CO2 concentrations technically suitable for 
capture. 

The projected potential of CO2 capture associated with the 
above emission ranges has been estimated at an annual 2.6 to 
4.9 GtC02 by 2020 (0.7-1.3 GtC) and 4.7 to 37.5 GtC02 by 
2050 (1.3-'10 GtC). These numbers correspond to 9-12%. 
and 21-45%, of global CO2 emissions in 2020 and 2050. 
respectively. The emission and capture ranges reflect the 
inherent uncertainties of scenario and modelling analyses. and 
the technical: limitations of applying CCS. These scenarios 
only take intp account CO2 capture from fossil fuels. and 
not from biomass ·sources. However, emissions from large-

scale biomass conversion faCilities could also be technically 
suitable for capture. 

The potential development of low-carbon energy carriers 
is relevant to the future number and size of large. stationary 
CO2 sources with high concentrations. Scenarios also suggest 
that large-scale production of low-carbon energy carriers 
such as electricity or hydrogen could. within several decades, 
begin displacing the fossil fuels currently used by small. 

. distributed sources in residential and commercial buildings 
and in the transportation sector (see Section 8). These energy 
carriers could be produced from fossil fuels and/or biomass 
in large plants that would generate large point sources of CO2 

(power plants or plants similar to current plants producing 
hydrogen from natural gas). These sources would be suitable 
for CO2 capture. Such applications of CCS could reduce 
dispersed CO2 emissions from transport and from distributed 
energy supply systems. At present, however. it is difficult to 
project the likely number. size, or geographical distribution 
of the sources associated with such developments. 

This section examines CCS capture technology. As shown 
in Section 2, power plants and other large-scale industrial 
processes are the primary candidates for capture and the 
main focus of this section. 



Capture technology options and applications 

The purpose of CO2 capture is to produce a concentrated 
stream of CO2 at high pressure that can readily be transported 
to a storage site. Although, in principle, the entire gas stream 
containing low concentrations of CO2 could be transported 
and injected underground, energy costs and other associated 
costs generally make this approach impractical. It is 
therefore necessary to produce a nearly pure CO2 stream for 
transport and storage. Applications separating CO2 in large 
industrial plants, including natural gas treatment plants and 
ammonia production facilities, are already in operation today. 
Currently. CO2 is typically removed to purify other industrial 
gas streams. Removal has been used for storage purposes in 
only a few cases; in most cases, the CO2 is emitted to the 
atmosphere. Capture processes also have been used to obtain 
commercially useful amounts of CO2 from flue gas streams 
generated by the combustion of coal or natural gas. To date, 
however, there have been no applications of CO2 capture at 
large (e.g., 500 MW) power plants .. 

Depending on the process or power plant application in 
question, there are three main approaches to capturing the 
CO2 generated from a primary fossil fuel (coal. natural gas or 
oil), biomass, or mixtures of these fuels: 

Post-combustion systems separate CO2 from the flue 
gases produced by the combustion of the primary fuel in air. 
These systems normally use a liquid solvent to capture the 
small fraction of CO2 (typically 3-15% by volume) present 
in a flue gas stream in which the main constituent is nitrogen 
(from air). For a modern pulverized coal (PC) power plant or 
a natural gas combined cycle (NGCC) power plant, current 
post-combustion capture systems would typically employ an 
organic solvent such as monoethanolamine (MEA). 

Pre-combustion systems process- the primary fuel in a 
reactor with steam and air or oxygen to produce a mixture 
consisting mainly of carbon monoxide and hydrogen 
("synthesis gas"). Additional hydrogen, together with CO2, 

is produced by reacting the carbon monoxide with steam in 
a second reactor (a "shift reactor"). The resulting mixture 
of hydrogen and CO2 can then -be separated into a CO2 

gas stream, and a stream of hydrogen. If the CO2 is stored. 
the hydrogen is a carbon-free energy carrier that can be 
combusted to generate power and/or heat. Although the initial 
fuel conversion steps are more elaborate and costly than in 
post-combustion systems. the high concentrations of CO2 

produced by the shift reactor (typically 15 to 60% by volume 
on a dry basis) and the high pressures often encountered in 
these applications are more favourable for CO2 separation. 
Pre-combustion would be used at power plants that employ 
integrated gasification combined cycle (lGCC) technology. 

Oxyfuel combustion systems use oxygen instead of air for 
combustion of the primary fuel to produce a flue gas that is 
mainly water vapour and Car This results ill a flue gas with 
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high CO2 concentrations (greater than 80% by volume). The 
water vapour is then removed by cooling and compressing 
the gas stream. Oxyfuel combustion requires the upstream 
separation of oxygen from air, with a purity of 95-99% 
oxygen assumed in most current designs. Further treatment of 
the flue gas may be needed to remove air pollutants and non
condensed gases (such as nitrogen) from the flue gas before 
the CO2 is sent to storage. As a method of CO2 capture in 
boilers, oxyfuel combustion systems are in the demonstration 
phase (see Table TS.l). Oxyfuel systems are also being 
studied in gas turbine systems, but conceptual designs for 
such applications are still in the research phase. 

Figure TS.3 shows a schematic diagram of the main 
capture processes and systems. All require a step involving 
the separation of CO2, H2 or. O2 from a bulk gas stream 
(such as flue gas, synthesis gas, air or raw natural gas). 
These separation steps can be accomplished by means of 
physical or chemical solvents. membranes, solid sorbents, 
or by ,cryogenic separation: The choice of a specific capture 
technology is determined largely by the process conditions 
under which it must operate. Current post-combustion and 
pre-combustion systems for power plants could capture 
85-95% of the CO2 that is produced. Higher capture 
efficiencies are possible. although separation devices become 
considerably larger. more energy intensive and more costly. 
Capture and compression need roughly 10-40% more energy 
than the equivalent plant without capture. depending on the 
type of system. Due to the associated CO2 emissions, the net 
amount of CO2 captured is approximately 80-90%. Oxyfuel 
combustion systems are. in principle, able to capture nearly 
all of the CO2 produced. However, the need for additional gas 
treatment systems to remove pollutants such as sulphur and 
nitrogen' oxides lowers the level of CO2 captured to slightly 
more than 90%. 

As noted in Section 1, CO2 capture is already used in 
several industrial applications (see Figure TS.4). The same 
technologies as would be used for pre·combustion capture are 
employed for the large-scale production of hydrogen (which is 
used mainly for ammonia and fertilizer manufacture, and for 
petroleum refinery operations). The separation of CO2 from 
raw natural gas (which typically contains significant amounts 
of CO2) is also practised on a large scale, using technologies 
similar to those used for post-combustion capture. Although 
commercial systems are also available for large-scale oxygen 
separation, oxyfuel combustion for CO2 capture is currently 
in the demonstration phase. In addition, research is being 
conducted to achieve higher levels of system integration, 
increased efficiency and reduced cost for all types of capture 
systems. 



r----------------.. ---- .. ---_____ _ 

Coa, 
:"Iqr, I. r ('Ifn I.}! l.-::ti0~ Gas 

Pre combustion 

Biomass 
Air /' 

Coal 
G~UI"'IIIJ!iIIiI!_~~· 

Biorna1s 

Coal 
Gas .HlI_ .... 

Biomass 

Rawma..,riII. 

Figure TS.3. 9verview of CO2 capture processes and systems. 
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Gas. Ammonia. Stee. 

Figure TS.4. (a) CO2 post-combustion capture at a plant in Malaysia. This plant employs a chemical absorption process to separate 0.2 MtC0
2 

per year from the flue gas stream of a gas-fired power plant for urea production (Courtesy of Mitsubishi Heavy Industries). (b) CO
2 

pre

combustion capture at a coal gasification plant in North Dakota. USA. This plant employs a physical solvent process to separate 3.3 MtC0
2 

per 
year from a gas stream to produce synthetic natural gas. Part of the captured CO2 is used for an EOR project in Canada. 



CO2 capture: risks, energy and the environment 

The monitoring, risk and legal implications of CO2 capture 
systems do not appear to present fundamentally new 
challenges, as they are all elements of regular health, safety 
and environmental control practices in industry. However, 
CO2 capture systems require significant amounts of energy 
for their operation. This reduces net plant efficiency, so'power 
plants require more fuel to generate each kilowatt-hour of 
electricity produced. Based on a review of the literature, the 
increase in fuel consumption per kWh for plants capturing 
90% CO2 using best current technology ranges from 24-40% 
for new supercritical PC plants, 11-22% for NGCC plants. 
and 14-25% for coal-based IGCC systems compared to 
similar plants without CCS. The increased fuel requirement 
results in an increase in most other environmental emissions 
per kWh generated relative to new state-of-the-art plants 
without CO2 capture and, in the case of coal, proportionally 
larger amounts of solid wastes. In addition, there is an 
increase in the consumption of chemicals such as ammonia 
and limestone used by PC plants for nitrogen oxide and 
sulphur dioxide emissions control. Advanced plant designs 
that further reduce CCS energy requirements will also reduce 
overall environmental impacts as well as cost. Compared to 
many older existing plants, more efficient new or rebuilt 
plants with CCS may actually yield net reductions in plant
level environmental emissions. 

Costs of CO2 capture 

The estimated costs of CO2 capture at large power plants 
are based on engineering design studies of technologies in 
commercial use today (though often in different applications 

. and/or at smaller scales than those assumed in the literature), 
as well as on design studies for concepts currently in 
the research and development (R&D) stage. Table TS.3 
summarizes the results for new supercritical PC, NGCC and 
IGCC plants based on current technology with'and without 
CO2 capture. Capture systems for aU three' designs reduce 
CO2 emissions per kWh by approximately 80-90%, taking 
into account the energy requirements for capture. All data 
for pc. and IGCC plants in. Table TS.3 are for bituminous 
coals only. The capture costs include the cost of compressing 
CO2 (typically to about 11-14 MPa) but do not include the 
additional costs of CO2 transport and storage' (see Sections 
4-7). 

The cost ranges· for each of the three systems renect 
differences in the technical, economic and operating 
assumptions employed in different studies. While some 
differences in reported costs can be attributed to differences 
in the design of CO2 capture systems, the major sources of 
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variability are differences in the assumed design, operation 
and financing of the reference plant to which the capture 
technology is applied (factors such as plant size, location, 
efficiency, fuel type, fuel cost, capacity factor and cost of 
capital). No single set of assumptions applies to all situations 
or all parts of the world, so a range of costs is given. 

For the studies listed in Table TS.3, CO2 capture increases 
the cost of electricity production~ by 35-70% (0.01 to 0.02 
US$/kWh) fOI' an NGCC plant, 40-85% (0.02 to 0.03 US$! 
kWh) for a supercritical PC plant, and 20-55% (0.01 to 
0.02 US$/kWh) for an IGCC plant. Overall, the electricity 
production costs for fossil fuel plants with capture (excluding 
CO2 transport and storage costs) ranges from 0.04-0.09 US$I 
kWh, as compared to 0.03-0.06 US$/kWh for similar plants 
without capture. In most studies to date, NGCC systems have 
typically been found to have lower electricity production 
costs than new PC and IGCC plants (with or without capture) 
in the case of large base-load plants with high capacity factors 
(75% or more) and natural gas prices between 2.6 and 4.4 
US$ GJI over the life of the plant. However, in the case of 
higher gas pI'ices andlor lower capacity factors, NGCC plants 
often have higher electricity production costs than coal-based 
plants, with or without capture. Recent studies also found that 
IGCC plants were on average slightly more costly without 
capture and slightly less costly with capture than similarly
sized PC plants. However, the difference in cost between 
PC and IGCC plants with or without CO2 capture can vary 
significantly according to coal type and other local factors. 
such as the cost of capital for each plant type. Since full-scale 
NGCC, PC and IGCe systems have not yet been built with 
CCS, the absolute or relative costs of these systems cannot be 
stated with a high degree of confidence at this time. 

The costs of retrofitting existing power plants with CO2 

capture have not been extensively studied. A limited number 
of reports indicate that retrofitting an amine scrubber to an 
existing plant results in greater efficiency loss and higher 
costs than those shown in Table TS.3. Limited studies also 
indicate that a more cost-effective option is' to combine 
a capture system retrofit with rebuilding the boiler and 
turbine to increase plant efficiency and output. For some 
existing plants, studies indicate that similar benefits could be 
achieved by repowering with an IGCC system that includes 
CO2 capture technology. The feasibility and cost of all these 
options is highly dependent on site-specific factors, including 
the size, age and efficiency of the plant, and the availability 
of additional space. . 

~ The cost of electricity production should not be confused with the price of electricity to customers. 



Table TS.3. Summary of CO2 capture costs for. new power plants based on current technology. Because these costs do not include the costs (or 
credits) for CO~ trnnspon and storage. this table should not be used 10 assess or compare total plant costs for different systems with capture. The full costs of 
CCS plants are reponed in Section 8. 

~. ..., .... .,,, ... -.,.> .... """-'""."""~,,,..,,. ... 

Perrorrnanc.e and cost measures New NGCC plant I New PC plant New IGCC piant 
~'" 

Range Rep. I Range Rep. Range i Rep. 
! 

Low High value Low High value Low Hjgh value ........ , .... 
Emission rate without capture (kgCO/kWh) 0.344 - 0.379 0.367 0.736 - 0.811 0.762 0.682 - 0.846 0.773 

Emission rate with capture (kgCO/kWh) 0.040 - 0.066 0.052 0.092 - 0.145 0.112 0.065 - 0.152 0.108 

Percentage COz reduction per kWh (%) 83 - 88 86 8] - 88 85 81 - 9] 86 

Plant efficiency with capture, LHV basis (% ) 47 - 50 48 30 - 35 33 31 - 40 35 

Capture energy requirement (% increase inputl II - 22 16 24 - 40 31 14 - 25 19 i kWh) . 

515 724 568 1161 1486 1286 1169 1565 1326 1 Total capital requirement without capture . - - -
I (US$/kW) ! 

Total capital requirement with capture 909 - 1261 998 

I 
1894 - 2578 2096 1414 - 2270 1825 

(US$/kW) 

Percent increase in capital cost, with capture 64 - 100 76 I 44 - 74 63 19 - 66 37 
(%) 

COE without capture (US$/kWh) 0.031 - 0.050 0.037 0.043 - 0.052 0.046 0.041 - 0.061 0.047 

I COE with capture only (US$/kWh) 
i 

0.043 - 0.072 0.054 0.062 - 0.086 0.073 0.054 - 0.079 0.062' 

! Increase in COE with capture (US$/kWh) 0.012 - 0.024 0.017 0.018 - 0.034 0.027 0.009 . 0.022 0.016 
! 

37 69 46 42 66 57 20 55 33 i Percent increase in COE with capture (%) . - . 

I Cost of net C'oz captured (US$/tC02) 37 - 74 53 29 - 51 41 13 - 37 23 

L~ap~ure cost confidence level (see Tabl~_?6) moderate moderate moderate 

Abbreviations: Representative vlllue is bused on the average of the values in the different studies. COE=cost of electricity production; LHV=lower heating 

value. See Section 3.6.1 for calculation of energy requirement for capture plants. 

Notes: Ranges and representative values are based on data from Speciul Repon Tables3.? 3.9 and 3.10. All PC and IGCC datu are for bituminous coals only 

at costs of 1.0-1]5 US$ GJI (LHV): ull PC plants are supercriticnl units. NGCC data based on natural gas prices of 2.8·4.4 US$ GJI (LHV basis). Cost are 

stated in constunt US$2002. Power plant sizes range from approximately 400-800 MW without capture and 300·?OO MW with capture. Capacity factors vary 

from 65-85% for coal plants and 50-95% for gas plants (average for each=80%). Fixed charge factors vary from 11-16%. All costs include COl compression 

but not addition~1 COl transpon and storage costs 

Table TS~4 illustrates the cost of CO2 capture in the 
production of hydrogen. Here, the cost of CO2 capture 
is mainly due to the cost of CO2 drying and compression, 
since CO2 s~paration is already carried out as part of the 
hydrogen production process. The cost of CO2 capture 
adds approxi~ately 5% to 30% to the cost of the hydrogen 
produced. ' 

CCS also can be applied to systems that use biomass 
fuels or feedstock, either alone or in combination with fossil 
fuels. A limited number of studies have looked at the costs of 
such systems.combining capture, transport and storage. The 
capturing of 0.19 MtC02 yrl in a 24 MWe biomass lacc 
plant is estimated to be about 80 US$/tC02 net captured (300 

US$ltC), which corresponds to an increase in electricity 
production costs of about 0.08 US$/kWh. There are relatively 
few studies of CO2 capture for other industrial processes 
using fossil fuels and they are typically limited to capture 
costs reported only as a cost per tonne of CO2 captured or 
avoided. In general, the CO2 produced in different processes 
varies widely in pressure and concentration (see Section 2). 
As a result, the cost of capture in different processes (cement 
and steel plants, refineries), ranges widely from about 25-115 
US$/tCOz net captured. The unit cost of capture is generally 
lower for processes where a relatively pure CO2 stream is 
produced (e.g. natural gas processing, hydrogen production 
and ammonia production), as seen for the hydrogen plants 



Table TS.4. Summary of CO2 capture costs for new hydrogen plants based on current technology 

New hydrogen plant 
Perfonnance and cost measures 

Range 
Representative value -, 

Low High 
". .- , , ,-,-~"-""""""-"",.-... """,,,-,,, 

Emission rate without capture (kgC02 G}-I) 78 - 174 137 

Emission rate with capture (kgCOz' GJ-I) 7 - 28 17 

Percent CO2 reduction per GJ (%) 72 - 96 86 

Plant efficiency with capture, LHV basis (%) 
I 52 68 60 -

Capture energy requirement (% more input Gll) 4 - 22 8 

Cost of hydrogen without capture (US$ GJ-I) 6.5 - 10.0 7.8 

Cost of hydrogen with capture (US$ G}-I) 7.5 - 13.3 9.1 

Increase in H2 cost with capture (USS GJ-I) 0.3 - 3.3 1.3 

Percent increase in H2 cost with capture (%) 5 - 33 15 

Cost of net CO2 captured (USS/tCOz) 2 - 56 15 
__ '-w._."._ ..... _ 

~ ....... ~~.--.. -..... ... --•...... 

Capture cost confide"-~~evel _"~ moderate to high 

'Notes: Ranges and representative values nre based on data from Table 3.11. All costs in this table are for capture only and do nO( include the costs of COl 

transpon and storage. Costs are in constant US$2002. Hydrogen planrfeedstocks are natural gas (4.7-5.3 US$ GJ·I) or coal (0.9-1.3 US$ GJI); some plants 

in dataset produce electricity in addition to hydrogen. Fixed charge factors vary from 13-20%. All costs include COl compression but not additional COl 

transpon nnd storage costs (see Section 8 for full CCS costs). 

in Table TSA. where costs vary from 2-56 US$/tC02 net 
captured. 

New or improved methods of CO2 capture. combined 
with advanced power systems and industrial process designs, 
could reduce CO2 capture costs and energy requirements. 
While costs for first-of-a-kind commercial plants often 
exceed initial cost estimates, the cost of subsequent plants 
typically declines as a result of learning-by-doing and other 
factors. Although there is considerable uncertainty about 
the magnitude and timing of future cost reductions, the 
literature suggests that, provided R&D efforts are sustained, 
improvements to commercial technologies can reduce current 
CO2 capture costs by at least 20-30% over approximately the 
next ten years, while new technologies under development 
could achieve more substantial cost reductions. Future cost 
reductions will depend on the deployment and adoption 
of commercial technologies in the marketplace as well as 
sustained R&D. 

Except when plants are located directly above a geological 
storage site, captured CO2 must be transported from the point 
of capture to a storage site. This section reviews the principal 

methods of CO2 transport and assesses the health, safety and 
environment aspects, and costs. 

Melhods o/C02 transport 

Pipelines today operate as a mature market technology and are 
the most common method for transporting CO2, Gaseous CO2 

is typically compressed to a pressure above 8 MPa in order 
to avoid two-phase flow regimes and increase the density of 
the CO2, thereby making it easier and less costly to transport. 
CO2 also can be transported as a liquid in ships, road or rail 
tankers that carry CO2 in insulated tanks at n temperature 
well below ambient, and at much lower pressures. 

The first long,:"distance CO2 pipeline came into operation 
in the early 1970s. In the United States, over 2,500 km of 
pipeline transports more than 40 MtC02 per year from natural 
and anthropogenic sources, mainly to sites in Texas, where 
the CO2 is used for EOR.These pipelines operate in the ·dense 
phase' mode (in which there is a continuous progression from 
gas to liquid, without a distinct phase change), and at ambient 
temperature and high pressure. In most of these pipelines, the 
flow is driven by compressors at the upstream end, although 
some pipelines have intermediate (booster) compressor 
stations. 



In some situations or locations, transport of CO2 by ship 
may be economically more attractive, particularly when 
the CO2 has to be moved over large distances or overseas. 
Liquefied ~troleum gases (LPG, principally propane and 

. butane) are :transported on a large commercial scale by 
marine tankers. CO2 can be transported by ship in much the 
same way (typically at 0.7 MPa pressure), but this currently 
takes place o,n a small scale because of limited demand. The 
properties of,liquefied CO2 are simHar to those of LPG, and 
the technology could be scaled up to large CO2 carriers if a 
demand for such systems were to materialize. 

Road and:raH tankers also are technically feasible options. 
These systems transport CO2 at a temperature of -20°C and at 
2 MPa pressure. However. they are uneconomical compared 
to pipelines and ships, except on a very small scale, and are 
unlikely to be relevant to large-scale CCS. 

Environmenti safety and risk aspects 

Just as there are standards for natural gas admitted to 
pipelines. so minimum standards for 'pipeline quality' CO2 

should emerge as the CO2 pipeline infrastructure develops 
further. Current standards, developed largely in the context 
of EOR applications, are not necessarily identical to what 
would be required for CCS. A low-nitrogen content is 
important for: EOR. but would not be so significant for CCS. 

~However, a 002 pipeline through populated areas might need 
a lower specified maximum H2S content. Pipeline transport 
of CO2 through populated areas also requires detailed route 
selection, over-pressure protection, leak detection and other 
design factors. However. no major obstacles. to pipeline 
design for CCS are foreseen. 

CO2 could leak to the atmosphere during transport, 
although leakage losses from pipelines are verY small. Dry 
(moisture-free) CO? is not corrosive to the carbon-manganese 
steels customarily ~sed for pipelines, even if the CO2 contains 
contaminants such as oxygen, hydrogen sulphide, and sulphur 
or nitrogen oxides. Moisture-laden CO2, on the other hand. is 
highly corrosive, so a CO2 pipeline in this case would have 
to be made from a corrosion-resistant alloy, or be internally 
clad with an alloy or a continuous polymer coating. Some 
pipelines are made ft:Om corrosion-resistant alloys. although 
the cost of materials is several times larger than carbon
manganese steels. For ships. the total loss to the atmosphere 
is between 3 and 4% per 1000 km. counting both boil-off and 
the exhaust from ship engines. Boil-off could be reduced by 
capture and liquefaction. and recapture would reduce the loss 
to I to 2% per 1000 km. 

Accidents. can also occur. In the case of existing CO2 

pipelines, which are mostly in areas of low population 
density. there;have been fewer than one reported incident per 
year (0.0003 'per km-year) and no injuries or fatalities. This 
is consistent 'With experience with hydrocarbon .pipelines, 

and the impact would probably not be more severe than for 
natural gas accidents. In marine transportation. hydrocarbon 
gas tankers are potentially dangerous. but the recognized 
hazard has led to standards for design, construction and 
operation, and serious incidents are rare. 

Cost ofeoz transport 

Costs have been estimated for both pipeline and marine 
transportation of COl' In every case the costs depend strongly 
on the distance and the quantity transpOlted. In the case of 
pipelines, the costs depend on whether the pipeline is onshore 
or offshore, whether the area is heavily congested. and 
whether there are mountains. large 'rivers, or frozen ground 
on the route. All these factors could double the cost per unit 
length. with even larger increases for pipelines in populated 
areas. Any additional costs for recompression (booster pump 
stations) that may be needed for longer pipelines would be 
counted as part of transport ·costs. Such costs are relatively 
small and not included in the estimates presented here. 

Figure TS.5 shows the cost of pipeline transport for a 
nominal distance of 250 km. This is typically 1-8 US$/tC0 2 

(4-30 US$/tC). The figure also shows how pipeline cost 
depends on the CO2 mass flow rate. Steel cost accounts for a 
significant fraction of the cost of a pipeline. so fluctuations 
in such cost (such as the doubling in the years from 2003 to 
2005) could affect overall pipeline economics. 

In ship transport, the tanker volume and the characteristics 
of the loading and unloading systems are some of the key 
factors determining the overall transport cost. 

6;0 .................. -----,---~ 

0.0 .!-,--........ --...---,.--..---.---....;,---..----I 
o ·5 10 15 20 25 30 35 

Mass flow rate (MtC02 yr-1) 

Figure TS.S. Transport costs for onshore pipelines and offshore 
pipelines, in US$ per tC02 per 250 km as a function of the CO2 

mass flow rate. The graph shows high estimates (dotted lines) and 
low estimates (solid· lines). 
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Figure TS.6. Costs, plotted as US$/tC02 transported against 
distance, for onshore pipelines, offshore pipelines and ship transport. 
Pipeline costs are given for a mass How'of 6 MtC02 yr'. Ship costs 
include intermediate storage facilities, harbour fees, fuel costs, and 
loading and unloading activities. Costs include also additional costs 
for liquefaction compared to compression. 

The costs associated with CO2 compression and liquefaction 
are accounted for in the capture costs presented earlier. Figure 
TS.6 compares pipeline and marine transportation costs, 
and shows the break-even distance. If the marine option is 
available, it is typically cheaper than pipelines for distances 
greater than approximately 1000 km and for amounts smaller 
than a few miJlion tonnes .of CO2 per year. In ocean storage 
the most suitable transport system depends on the injection 
method: from a stationary floating vessel, a moving ship. or 
n pipeline from shore. 

This section examines three types of geological formations 
that have received extensive consideration for the geological 
storage of CO2: oil and gas reservoirs, deep saline formations 
and unminable coal beds (Figure TS.7). In each case, 
geological storage of CO2 is accomplished by injecting it in 
dense form into a rock formation below the earth's surface. 
Porous rock formations that hold or (as in the case of 
depleted oil and gas reservoirs) have previously held fluids, 
such as natural gas, oil or brines. are potential candidates for 
CO2 storage. Suitable storage formations can occur in both 
onshore and offshore sedimentary basins (natural large-scale 
depressions in the earth's crust that are filled with sediments). 
Coal beds also may be used for storage of CO2 (see Figure 
TS.7) where it is unlikely that the coal will later be mined and 
provided that permeability is sufficient. The option of storing 
CO2 in coal beds and enhancing methane production is still 
in the demonstration phase (see Table TS.I). 

Existing CO2 storage projects 

Geological storage of CO2 is ongoing in three industrial
scale projects,(projects in the order of 1 MtC02 Yi l or more): 
the Sleipner project in the North Sea, the Weybum project 
in Canada and the In Salah project in Algeria. About 3-4 
MtCOzthat would otherwise be released to the atmosphere 
is captured and stored annually in geological fonnations. 
Additional projects are listed in Table TS.5. 

In addition to the CCS projects currently in place, 30 
MtC02 is injected annually for EOR, mostly in Texas, USA, 
where EOR commenced in the early 1970s. Most of this CO2 

is obtained from natural CO2 reservoirs found in western 
regions of the US, with some coming from anthropogenic 
sources such as natural gas processing. Much of the CO2 

injected for EOR is 'produced with the oil. from which it is 
separated and then reinjected. At the end of the oil recovery, 
the CO2 can be retained for the purpose of climate change 
mitigation, rather than vented to the atmosphere. This is 
planned for the Weybum project. 

Storage technology and mechanisms 

The injection of CO~ in deep geological formations involves 
many of the same technologies that have been developed 
in the oil and gas exploration and production industry. 
Well-drilling technology. injection technology, computer 
simulation of storage reservoir dynamics and monitoring 
methods from existing applications are being developed 
further for design and operation of geological storage; 
Other underground injection practices also provide relevant 
operational experience. In particular, natural gas storage, 
the deep injection of liquid wastes, ~md acid gas disposal 
(mixtures of CO2 and H2S) have been conducted in Canada 
and the U.S. since 1990, also at the megatonne scale. 

CO2 storage in hydrocarbon reservoirs or deep saline 
formations is generally expected to take place at depths below 
800 m, where the ambient pressures and, temperatures will 
usually result in CO2 being in a liquid or supercritical state. 
Under these conditions, the density of CO2 will range from 
50 to 80% of the density of water. This is close to the density' 
of some crude oils, resulting in buoyant forces that tend to 
drive CO2 upwards. Consequently, a well-sealed cap rock over 
the selected storage reservoir is important to ensure that CO2 

remains trapped underground. When injected underground, the 
CO2 compresses and fills the pore space by partiaHy displacing 
the fluids that ar~ already present (the 'in situ fluids'). In 
oil and gas reservoirs, the displacement of in situ fluids by 
injected COz can result in most of the pore volume being 
available for CO2 storage. In saline formations, estimates of 
potential storage volume are lower, ranging from as low as a 
few percent to over 30% of the total rock volume. 



Figure TS.7. Methods for storing CO2 in deep underground geological formations. Two methods may be combined with the recovery 
of hydrocarbo~s: EOR (2) and ECBM (4). See text for explanation of these methods (Courtesy C02CRC). 

Once jnjected into the storage formation, the fraction 
retained depends on a combination of physical and 
geochemical ,trapping mechanisms. Physical trapping to 
block upward migration of CO2 is provided by a layer 
of shale and: clay rock above the storage. formation. This 
impermeable; layer is known as the "cap rock". Additional 
physical trapping can be provided by capillary forces that 
retain CO2 in the pore spaces of the formation. In many cases, 
however, one' or more sides of the formation remain open, 
allowing for lateral migration of CO2 beneath the cap rock. 
In these cases, additional mechanisms are important for the 
long-term entrapment of the injected CO2, 

The mechanism known as geochemical trapping occurs 
as the CO2 reacts with the in situ fluids and host rock. First, 
CO2 dissolve~ in the in situ water. Once this occurs (over time 
scales of hundreds of years to thousands of years), the CO2-

laden water becomes more dense and therefore sinks down 
into the formation (rather than rising toward the surface). 

,Next, chemical reactions between the dissolved CO
2 

and 
rock minerals form ionic species, so that a fraction of the 
injected CO2 will be converted to solid carbonate minerals 
over millions of years. 

Yet another type of trapping occurs when CO
2

' is 
preferentially adsorbed onto coal or organic-rich shales 
replacing gases such as methane. In these cases, CO2 will 
remain trapped as long as pressures and temperatures 
remain stable. These processes would normally take place at 
shalJower depths than CO2 storage in hydrocarbon reservoirs 
and saline formations. 

Geographical distribution and capacity oj storage sites 

As shown earlier in Section 2 (Figure TS.2b), regions with 
sedimentary basins that are potentially suitable for CO

2 

. storage exist around the globe, both onshore and offshore. 
This report focuses on oil and gas reservoirs, deep saline 



Table TS.S. Sites where CO
2 

storage has been done, is currently in progress or is planned, varying from small pilots to large-scale 
commercial applications. 
-.-.. - ........... ~." ................ 
Project name Country Injection start Approximate average Total (planned) Storage reservoir 

(year) daily Injection rate storage type 
(tCOz day' I) (tCOz) 

Weybum Canada 2000 3,000-5,000 20,000,000 EOR 

In Salah! Algeria 2004 3,000-4,000 17,000,000 Gas field 

SIeipner Norway 1996 3,000 20,000,000 Saline formation 

KI2B Netherlands 2004 100 8,000,000 Enhanced gas 
(1,000 planned for 2006+) recovery 

Frio U.S.A 2004 . 

FennBig Valley Canada 1998 

Qinshui Basin China 2003 

)'ubari Japan 2004 

Recopol Poland 2003 

Gorgon (planned) Australia .... 2009 

'Sn~hvit (elanned) . Norway 2006 ......... ............-. ............... ..-.. .. --........... 

fonnations and unminable coal·' beds. Other possible 
geological fonnations or structures (such as basalts, oil or gas 
shales, salt caverns and abandoned mines) represent niche 
opportunities, or have been insufficiently studied at this time 
to assess their potential. 

The estimates of· the technical potential6 for different 
geological storage options are summarized in Table TS.6. The 
estimates and levels of confidence are based on an assessment 
of the literature, both of regional bottom-up, and global 
top-down estimates. No probabilistic approach to assessing 
capacity estimates exists-in the literature, and this would be 
required to quantify levels of uncertainty reliably. Overall 
estimates, particularly of the upper limit of the potential, vary 
widely and involve a high degree of uncertainty, reflecting 
conflicting methodologies in the literature and the fact 
that our knowledge of saline formations is quite limited in 

, most parts of the world. For oil and gas reservoirs, better 
estimates are available which are based on the replacement of 
hydrocarbon volumes with e02 volumes. It should be noted 
that, with the exception of EaR, these reservoirs will not be 
available for e02 storage until the hydrocarbons are depleted. 
and that pressure changes and geomechanical effects due to 
hydrocarbon production in the reservoir may reduce actual 
capacity. 

Another way of looking at storage potential, however, is 
to ask whether it is likely to be adequate for the amounts of 
CO2 that would need to be avoided using CCS under different 

177 1600 Saline formation 
50 200 ECBM 
30 150 ECBM 

10 200 ECBM 
10 ECBM 

10,000 unknown Saline fonnation 
2,000 unknown Saline fonnation 

greenhouse gas stabilization scenarios and assumptions about 
the deployment of other mitigation options. As discussed 
later in Section 8, the estimated range of economic potential' 
forCeS over the next century is roughly 200 to 2,000 OtC02• 

The lower limits in Table TS.6 suggest that. worldwide, it 
is virtually certainS that there is 200 Gte02 of geological 
storage capacity, and likely" that there is at least about 2,000 
GtC02• 

Site selection criteria and methods 

Site characterization, selection and performance prediction 
are crucial for successful geological storage. Before selecting 
a site, the geological setting must be characterized to 
determine if the overlying cap rock will provide an effective 
seal, if there is a sufficiently voluminous and permeable 
storage formation, and whether any abandoned or active 
wells will compromise the integrity of the seal. 

Techniques developed for the exploration of oil and 
gas reservoirs, natural gas storage sites and liquid waste 
disposal sites are suitable for characterizing geological 
storage sites for CO2, Examples include seismic imaging, 
pumping tests for evaluating storage formations and seals, 

," and cem~nt integrity logs. Computer programmes that 
model underground CO2 movement are used to support site 
characterization and selection activities. These programmes 
were initially developed for applications such as oil and 

~ Technic:al potential is the amount by which it is possible to reduce greenhouse gas emissions by implementing a technology or practice that already has been 
demonSlrdted. 

1 Economic potentinl is the amount of greenhouse gas emissions reductions from a specific option that could be achieved cost-effectively, given prevniling 
circumstimces (the price of CO2 reductions and costs of other options). 

K "Vinually cenain" is a probability of 99% or more. 
') "Likely" is a probability of 66 to 90%. 



Table TS.6. Storage capacity for several geological storage options-. The storage capacity iricludes storage options that are not economical. 

Reservoir type Lower estimate of storage capacity 
(GtCOJ 

Upper estimate of storage capacity 
(GtCOJ 

"·--·· •.• _· __ • __ ..•..•.•••.• ,, ..•.•• mm· ________ . 

Oil and gas fields 

Unminable coal seams (ECBM) 

Deep saline fonnations 

675" 

3-15 

1,000 

900" 

200 

• ____ •••••• _ •• ••.•...• _ .• · .•.• _ ............. "".m._' .. '_ •• _. __________ _ 
Uncertain, but possibly 10" 

• These numberS would increase by 25% if • undiscovered , oil and ga's fields were included in this assessment. 

gas reservoir engineering and groundwater resources 
investigations. Although they include many of the physical. 
chemical and geomechanical processes needed to predict 
both short-term and long-term performance of CO2 storage. 
more experience is needed to establish confidence in their 
effectiveness' in predicting long-term performance when 
adapted for CO2 storage. Moreover, the availability of good 
site characterization data is critical for the reliability of 
models. 

Risk assessment and environmental impact 

The risks due to leakage from storage of CO2 in geological 
reservoirs fall into two broad categories: global risks and 
local risks. Global risks involve the release of CO2 that 
may contribute significantly to climate change if some 
fraction leak~ from the storage formation to the atmosphere. 
In addition, if CO2 leaks out of a storage formation, local 
hazards may exist for humans, ecosystems and groundwater. 
These are the: local risks. 

With regard to global risks, based on observations 
and analysis ,of current CO2 storage sites, natural systems, 
engineering systems and models, the fraction retained in 
appropriately,selected and managed reservoirs is very Iikely'O 
to exceed 990/0 over 100 years, and is likely to exceed 99% 
over 1000 years. Similar fractions retained are likely for even 
longer periods of time. as the risk of leakage is expected to 
decrease over time as other mechanisms provide additional 
trapping. The question of whether these fractions retained 
would be sufficient to make impermanent storage valuable 
for climate change mitigation is discussed in Section 8. 

With regard to local risks. there are two types of scenarios 
in which leak:age may occur. In the first case, injection well 
failures or leakage up abandoned wells could create a sudden 
and rapid release of CO2, This type of release is likely to 
be detected quickly and stopped using techniques that are 
available today for containing well blow-outs. Hazards 
associated with this type of release primarily affect workers in 
the vicinity of the release at the time it occurs, or those called 
in to control ~he blow-out. A concentration of CO2 greater 

In "Very likely" i~ a probDbilily of 90 to 99%. 

than 7-10% in air would cause immediate dangers to human 
life and health. Containing these kinds of releases may take 
hours to days and the overall amount of CO2 released is likely 
to be very small compared to the total amount injected. These 
types of hazards are managed effectively on a regular basis in 
the oil and gas industry using engineering and administrative 
controls. 

In the second scenario, leakage could occur through 
undetected faults, fractures or through leaking wells where 
the release to the surface is more gradual and diffuse. In this 
case, hazards primarily affect drinking-water aquifers and 
ecosystems where CO2 accumulates in the zone between the 
surface and the top of the water table. Groundwater can be 
affected both by CO2 leaking directly into an aquifer and by 
brines that enter the aquifer as a resull of being displaced 
by CO2 during the injection process. There may also be 
acidification of soils and displacement of oxygen in soils 
in this scenario. Additionally, if leakage to the atmosphere 
were to occur in low-lying areas with little wind, or in sumps 
and basements overlying these diffuse leaks, humans and 
animals would be harmed if a leak were to go undetected. 
Humans would be less affected by leakage from offshore 
storage locations than from onshore storage locations. 
Leakage routes can be identified by several techniques and 
by characterization of the reservoir. Figure TS.8 shows some 
of the potential leakage paths for a saline formation. When 
the potential leakage routes are known, the monitoring and 
remediation strategy can be adapted to address the potential 
leakage. 

Careful storage system design and siting, together with 
methods for early detection of leakage (preferably long before 
CO2 reaches the land surface), are effective ways of reducing 
hazards associated with diffuse leakage. The available 
monitoring methods are promising, but more experience is 
needed to establish detection levels and resolution. Once 
leakages are detected, some remediation techniques are 
available .. to stop or control them. Depending on the type 
of leakage, these techniques could involve standard well 

, repair techniques, or the extraction of CO2 by intercepting its 
leak into a shallow groundwater aquifer (see Figure TS.8). 
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Figure TS.S. Potential leakage routes and remediation techniques for CO2 injected into saline formations. The remediation technique would 
depend on the potential leakage routes identified in a reservoir (Courtesy C02CRC). 

, Techniques to remove CO2 from soils'and groundwater are 
also available, but they are likely to be costly. Experience 
will be needed to demonstrate the effectiveness, and ascertain 
the costs, of these techniques for use in CO2 storage. 

Monitoring and verification 

Monitoring is a very important part of the overall risk 
management strategy for geological storage projects. Standard 
procedures or protocols have not been developed yet but they 
are expected to evolve as technology improves, depending on 
local risks and regulations. 'However, it is expected tharsome 
parameters such as injection rate and injection welI pressure 
will be measured routinely. Repeated seismic surveys have 
been shown to be useful for tracking the underground 
migration of COr Newer techniques such as gravity and 
electrical measurements may also be' useful. The sampling 
of groundwater and the soil betweel,1 the surface and water 
'table may be useful for directly detecting CO2 leakage. CO2 

sensors with alanns can be located at the injection wells for 
ensuring worker safety and to detect leakage. Surface-based 
techniques may also be used for detecting and quantifying 
surface releases. High-quality baseline data improve the 

reliability and resolution of all measurements and will be 
essential for detecting small rates of leakage. 

Since all of these monitoring techniques have been 
adapted from other applications, they need to be tested and 
assessed with regard to reliability, resolution and sensitivity 
in the context of geological storage. All of the existing 
industrial-scale projects and pilot projects have programmes 
to develop and test these and other monitoring techniques. 
Methods also may be necessary or desirable to monitor the 
amount of CO! stored underground in the context of emission 
reporting and monitoring requirements in the UNFCCC (see 
Section 9). Given the long-tenn nature of CO2 storage, site 
monitoring may be required for very long periOds. 

Legal issues 

At present, few countries have specifically developed 
legal and regulatory frameworks for onshore CO2 storage. 
Relevant legislation include petroleum-related legislation, 
drinking-water legislation and mining regulations. In 
many cases, there are laws applying to some, if not most, 
of the issues related to CO2 storage. SpecificalJy, long-term 
liability issues, such as global issues associated with the 



leakage of C'02 to the atmosphere, as weil as local concerns 
about environmental impact, have not yet been addressed. 
Monitoring and verification regimes and risks of leakage 
may play an jmportant role in determining liability, and vice
versa. There: are also considerations such as the longevity 
of institutions, ongoing monitoring and transferability 
of institutional knowledge. The long-term perspective is 
essential to a legal framework for CCS as storage times 
extend over many generations as does the climate change 
problem. In some countries, notably, the US, the property 
rights of all those affected must be considered in legal terms 
as pore space is owned by surface property owners. 

According to the general principles of customary 
international' law, States can exercise their sovereignty in 
their territories and could therefore engage in activities 
such as the storage of COz (both geological and ocean) in 
those areas u'nder their jurisdiction. However, if storage has 
a transboundary impact, States have the responsibility to 
ensure that activities within their jurisdiction or control do 
not cause damage to the environment of other States or of 
areas beyond: the limits of national jurisdiction. 

Currently, there are several treaties (notably the UN 
Convention 6n the Law of the Sea, and the London II and 
OSPARIZ Conventions) that could apply to the offshore 
injection of ~02 into marine environments (both into the 
ocean and the geological sub-seabed). All these treaties have 
been drafted without specific consideration of CO2 storage. 
An assessment undertaken by the Jurists and Linguists Group 
to the OSPAR Convention (relating to the northeast Atlantic 
region), for example, found that, depending on the method and 
purpose of injection, COz injection into the geological sub
seabed and the ocean could be compatible with the treaty in 
some cases, s~ch as when the COz is transported via a pipeline 
from land. A similar assessment is now being conducted by 
Parties to the London Convention. Furthermore, papers by 
legal commentators have concluded that CO2 captured from 
an oil or natural gas ex.traction operation and stored offshore 
in a geological formation (like the Sleipner operation) would 
not be considered 'dumping' under, and would not therefore 
be prohibited 'by, the London Convention. 

Public perception 

Assessing public perception of CCS is challenging because 
of the relatively technical and "remote" nature of this issue 
at the present 'time. Results of the very few studies conducted 
to date about the public perception of CCS indicate that 
the public is generally not well informed about CC~. If 

information is given alongside information about other 
climate change mitigation options, the handful of studies 
carried out so far indicate that CCS is generally regarded as 
less favourable than other options, such as improvements in , 
energy efficiency and the use of non-fossil energy sources. 
Acceptance of CCS, where it occurs, is characterized as 
"reluctant" rather than "enthusiastic". In some cases, this 
reflects the perception that CCS might be required because 
of a failure to reduce CO2 emissions in other ways. There 
are indications that geological storage could be viewed 
favourably if it is adopted in conjunction with more desirable 
measures. Although public perception is likely to change in 
the future, the limited resea~h to date indicates that at least 
two conditions may have to be met before CO2 capture and 
storage is considered by the public as a credible technology, 
alongside other better known options: (I) anthropogen ic 
global climate change has to be regarded as a relativ~ly 
serious problem~ (2) there must be acceptance of the need 
for large reductions in CO2 emissions to reduce the threat of 
global climate change. 

Cost of geologka/ storage 

The technologies and equipment used for geological storage 
are widely used in the oil and gas industries so cost estimates 
for this option have a relatively high degree of confidence 
for storage capacity in the lower range of technical potential. 
However. there is a significant range and variability of costs 
due to site-speci fie factors such as onshore versus offshore, 
reservoir depth and geological characteristics of the storage 
formation (e.g., permeability and formation thickness). 

Representative estimates of the cost for storage in saline 
formations and depleted oil and gas fields are typically 
between 0.5-8 US$/tCOz injected. Monitoring costs of 
0.1-0.3 US$/tC02 are additional. The lowest storage costs 
are for onshore, shallow, high permeability reservoirs. andlor 
storage sites where wells and infrastructure from existing oil 
and gas fields may be re-used. 

When storage is combined with EOR, ECBM or (potentially) 
Enhanced Gas Recovery (EGR), the economic value of COz 
can reduce the total cost of CCS. Based on data and oil prices 
prior to 2003, enhanced oil production for onshore EOR with 
CO2 storage could yield net benefits of 10-16 US$/tC02 (37-
59 US$/tC) (including the costs of geological storage). For 
EGR and ECBM, which are still under development, there is 

, no reliable cost information based on actual experience. In all 
cases, however, the economic ~enefit of enhanced production 

1/ Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter (1972). and its London Protocol (1996). which ha~ not yet entered 
into force. 

'" Convention for the Protection of the Marine Environment of the Nonh-East Atlantic. which WIIS adopted in Paris (1992). OSPAR is an abbreviation of 
Oslo-Paris. 



depends strongly on oil and gas prices. In this regard, the 
literature basis for this report does not take into account the 
rise in world oil and gas prices since 2003 and assumes oil 
prices of 15-20 US$ per barrel. Should higher prices be 
sustained over the life of a CCS project. the economic value 
of COz could be higher than that reported here. 

A potential CO2 storage option is to inject captured COz 
directly into the deep ocean (at depths greater than 1,000 
m), where most of it would be isolated from the atmosphere 
for centuries. This can be achieved by transporting COz via 

. pipelines or ships to an ocean storage site, where it is injected 
into the water column of the ocean or at the sea floor. The 
dissolved and dispersed COz would subsequently become 
part of the global carbon cycle. Figure TS.9 shows some of 
the main methods that could be employed. Ocean storage has 
not yet been deployed or demonstrated at a pilot scale, and is 
still in the research phase. However, there have been small
scale field experiments and 25 years of theoretical, laboratory 
and modelling studies of intentional ocean storage of CO2, 

FIgUre TS.9. Methods of ocean storage. 

Storage mechanisms and technology 

Oceans cover over 70% of the earth's surface and their 
average depth is 3,800 m. Because carbon dioxide is soluble 
in water, there are natural exchanges of COz between the 
atmosphere and waters at the ocean surface that occur until 
equilibrium is reached. If the atmospheric concentration of 

. CO2 incre·ases, the ocean gradually takes up additional COz' 
In this way, the oceans have taken up about 500 GtCOz (140 
GtC) of the total 1,300 GtCOz (350 GtC) of anthropogenic 
emissions released to the atmosphere over the past 200 years. 
As a result of the increased atmospheric CO2 concentrations 
from human activities ·relative to pre-industrial levels. the 
oceans are cUlTently taking up CO2 at a rate of about 7 GtCOz 
yrl (2 GtC yrl). 

Most of this carbon dioxide now resides in the upper 
ocean and thus far has resulted in a decrease in pH of about 
0.1· at the ocean surface because of the acidic nature of CO2 in 
water. To date, however, there has been virtually no change 
in pH in the deep ocean. ~odels predict that over the next 
several centuries the oceans will eventually take up most of 
the CO2 released to the atmosphere as CO2 is dissolved at 
the ocean surface and subsequently mixed with deep ocean 
waters. 

C02 /CaC0
3 

reactor 



There is no practical physical limit to the amount of 
anthropogenic CO2 that could be stored in the ocean. 
However, on a millennial time scale, the amount stored 
will depend~ on oceanic equilibration with the atmosphere. 
Stabilizing atmospheric CO2 concentrations between 350 
ppmv and 1000 ppmv would imply that between 2,000 and 
12,000 GtC02 would eventually reside in the ocean if there is 
no intentional CO2 injection. This range therefore represents 
the upper limit for the capacity of the ocean to store CO2 

through active injection. The capacity would also be affected 
by environmental factors, such as a maximum allowable pH 
change. ' 

Analysis: of ocean observations and models both indicate 
that injected: CO2 will be isolated from the atmosphere for 
at least several hundreds of years, and that the fraction 
retained tends to be higher with deeper injection (see Table 
TS.7). Ideas for increasing the fraction retained include 
forming solid CO2 hydrates andlor liquid CO2 lakes on the 
sea floor, an~ dissolving alkaline minerals such as limestone 
to neutralize; the acidic CO2, Dissolving mineral carbonates, 
if practical. could extend the storage time scale to roughly 
10,000 years, while minimizing changes in ocean pH and 
CO2 partial pressure. However, large amounts of limestone 
and energy for materials handling would be required for 
this approach (roughly the same order of magnitude as the 
amounts per tonne of CO2 injected that are needed for mineral 
carbonation:: see Section 7). 

Ecological a,nd environmental impacls and risks 

The injectiOJ~ of a few GtC02 would produce a measurable 
change in ocean chemistry in the region of injection, whereas 
the injection of hundreds of GtC02 would produce larger 
changes in the region of injection and eventually produce 
measurable changes over the entire ocean volume .. Model 
simulations that assume a release from seven locations 
at 3,000 m depth and ocean storage providing 10% of the 
mitigation effort for stabilization at 550 ppmv CO2 projected 
acidity changes (PH changes) of more than 0.4 over 
approximateiy I % of the ocean volume. By comparison, in 

a 550 ppmv stabilization case without ocean storage, a pH 
change of more than 0.25 at the ocean surface was estimated ' 
due to equilibration with the elevated CO

2 
concentrations in 

the atmosphere. In either case, a pH change of 0.2 to 0.4 is 
significantly greater than pre-industrial variations in ocean 
acidity. Over centuries, ocean mixing will result in the 
loss of isolation of injected CO2, As more CO2 reaches the 
ocean surface waters, releases into the atmosphere would 
occur gradually from large regions of the ocean. ,There are 
no known mechanisms for sudden or catastrophic release of 
injected CO2 from the ocean into the atmosphere. 

,Experiments show that adding CO2 can harm marine 
organisms. Effects of elevated CO2 levels have mostly 
been studied on time' scales up to several months in 
individual organisms that live near the ocean surface. 
Observed phenomena include reduced rates of calcification, 
reproduction, growth, circulatory oxygen supply and mobility, 
as well as increased mortality over time. In some organisms 
these effects are seen in response to small additions of CO

2
, 

Immediate mortality is expected close to injection points or 
CO2 lakes. The chronic effects of direct CO2 injection into 
the ocean on ocean organisms or ecosystems over large ocean 
areas and long time scales'have not yet been studied~ 

No controlled ecosystem experiments have been 
performed in the deep ocean, so only a preliminary 
assessment of potential ecosystem effects can be given. It 
is expected t~at ecosystem consequences will increase with 
increasing CO2 concentrations and decreasing pH. but the 
nature of such consequences is currently not, understood, 
and no environmental criteria have as yet been identified to 
avoid adverse effects. At present. it is also unclear how or 
whether species and ecosystems would adapt to the sustained 
chemical changes. 

Costs of ocean storage 

Although there is no experience with ocean storage, some 
attempts have been made to estimate the costs of CO2 storage 
projects that release CO2 on the sea floor or in the deep ocean. 
The costs of CO2 capture and transport to the shoreline (e.g 

Table TS.7. ~raction of CO2 retained for ocean storage as simulated by seven ocean models for 100 years of continuous injection at three 
different depths starting in the year 2000. 

. ...........• -~-.----~--.""' .. 

Injection depth 

Year 800 in lSOOm 3000 m' 

2100 0.78 ±O.06 0.91 ± 0.05 0.99 ± 0.01 

2200 0.50:;1;0;06 0.74 ±O.OJ 0;94 ± ().()6 

2300 'O36;±;O.06 O~60 ;to,OS 0.87 ± 0.10 

2400 028 :trW7 0.49 iO,09 0.79 ±O.12 

2500 0.23 ± 0.42 0.71 ±O.14 



Table TS.S. Costs for ocean storage at depths deeper than 3,000 m. 

100 km offshore 500 km offshore 
""~~-=-=~-''------"------

6 

12-14 ' 

31 

13-16 

• The costs for the moving ship option are for injection depths of 2.000-2.500 m. 

via pipelines) are not included in the cost of ocean storage. 
However, the costs of offshore pipelines or ships, plus any 
additional energy costs, are included in the ocean storage 
cost. The costs of ocean storage are summarized in Table 
TS.8. These numbers indicate that, for short distances, the 
fixed pipeline option would be cheaper. For larger distances, 
either the moving ship or the transport by ship to a platform 
with subsequent injection would be more attractive. 

Legal aspects and public perception 

The global and regional treaties on the law of the sea and 
marine environment, such as the OSPAR and the London 
Convention discussed earlier in Section 5 for geological 
storage sites, also affect ocean storage, as they concern the 
'maritime area'. Both Conventions distinguish between the 
storage method employed and the purpose of storage to 
determine the legal status of ocean storage of CO2, As yet. 
however, no deCision has been made abolit the legal status of 
intentional ocean storage. 

The very small number of public perception studies that 
have looked at the ocean storage of CO2 indicate that there 
is very little public awareness or knowledge of this subject. 
In the few studies conducted thus far, however, the public 
has expressed greater reservations about ocean storage 
than geological storage. These studies also indicate that the 
perception of ocean storage changed when more information 
was provided; in one study this led to increased acceptance of 
ocesn storage, while in ariother study it led to less acceptance. 
The literature also notes that 'significant opposition' 
developed around a proposed CO2 release experiment in.the 
Pacific Ocean. 

This section deals with two rather different options for CO2 

storage. The first is mineral carbonation, which involves 
converting CO2 to solid inorganic carbonates using chemical 
reactions. The second option is the industrial use of CO2, 

either directly or as feedstock for production of various 
carbon-containing chemicals. 

Mineral carbonation: technology, impacts and costs 

Mineral carbonation refers to the fixation of CO2 using 
alkaline and alkaline-earth oxides, such as magnesium 
oxide (MgO) and calcium oxide (CaO), which are present 
in naturally occurring silicate rocks such as serpentine and 
olivine. Chemical reactions between these materials and CO2 

produces compounds such as magnesium carbonate (MgC03) 

and calcium carbonate (CaCOJ• commonly known as 
limestone). The quantity of metal oxides in the silicate rocks 
that can be found in the earth's crust exceeds the amounts 
needed to fix, all the CO2 that would be produced by the 
combustion of all available fossil fuel reserves. These oxides 
are also present in small quantities in some industrial wastes, 
such as stainless steel slags and ashes. Mineral carbonation 
produces silica and carbonates that are stable over long 
time scales and can therefore be disposed of in areas such 
as silicate mines. or re-used for construction purposes (see 
Figure TS.lO), although such re-use is likely to be small 
relative to the amounts produced. After carbonation, CO2 

would not be released to the atmosphere. As a consequence. 
there would be little need to monitor the disposal sites and 
the associated risks would be very low. The storage potential 
is difficult to estimate at this early phase of development. 
It would be limited by the fraction of silicate reserves that 
can be technically exploited, by environmental' issues such 
as the volume of product disposal, and by legal and societal 
constraints at the storage location. 

The process of mineral carbonation occurs naturally. where 
it is known as 'weathering'. In nature, the process occurs very 
slowly; it must therefore be accelerated considerably to be a 
viable storage method for CO2 captured from anthropogenic 
sources. Research in the field of mineral carbonation therefore 
focuses on finding process routes that can achieve reaction 
rates viable for industrial purposes and make the reaction 
more energy-efficient. Mineral carbonation technology lIsing 
natural silicates is in the research phase but some processes 
using industrial wastes are in the demonstration phase. 

A commercial process would require mining. crushing 
and milling of the mineral-bearing ores and their transport to 
a processing plant receiving a concentrated CO2 stream from 
a capture plant (see Figure TS.lO). The carbonation process 
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G~neration Storage process Re-use/Disposal 
Figure TS.IO.' Material fluxes and process steps associated with the mineral carbonation of silicate rocks or industrial residues 
(Courtesy ECN). 

energy required would be 30 to 50% of the capture plant 
output. Considering the additional energy requirements for 
the capture or CO~. a CCS system with mineral carbonation 
would requir~ 60 to 180% more energy input per kilowatt
hour than a, reference electricity plant without capture 
or mineral carbonation. These energy requirements raise 
the cost per :tonne of CO2 avoided for the overall system 
significantly (see Section 8). The best case studied so far is 
the wet carbonation of natural silicate olivine. The estimated 
cost of this process is approximately 50-100 US$ltC02 net 
mineralized (in addition to CO2 capture and transport costs, 
but taking into account the additional energy requirements). 
The mineralicarbonation process would require 1.6 to 3.7 
tonnes of sj)j~ates per tonne of CO2 to be mined, and produce 
2.6 to 4.7 tonnes of materials to be disposed per tonne of 
CO2 stored a:s carbonates. This would therefore be a large 
operation, with an environmental impact similar to that of 
current large~scale surface mining operations. Serpentine 
also often contains chrysotiIe, a natural form of asbestos. 
Its presence therefore demands monitoring and mitigation 
measures of t~e kind available jn the mining industry. On the 
other hand, the products of mineral carbonation are chrysoti le-

free, since this is the most reactive component of the rock and 
therefore the first substance converted to carbonates. 

A numbe'r of issues still need to be clarified before any 
estimates of the storage potential of mineral carbonation can 
be given. The issues include assessments of the technical 
feasibility and corresponding energy requirements at large 
scales, but also the fraction of silicate reserves that can be 
technically and economically exploited for CO2 storage. The 
environmental impact of mining, waste disposal and product 
storage could also limit potential. The extent to which 
mineral carbonation may be used cannot be detennined at 
this time, since it depends on the unknown amount of silicate 
reserves that can be technically exploited, and environmental 
issuessuch as those noted above. 

Indus/rial use" 

Industrial uses of CO2 include chemical and biological 
processes where CO2 is a reactant, such as those used in urea 
and methanol production, as well as various technological 
applications that use CO2 directly, for example in the 
horticulture industry, refrigeration, food packaging, welding, 



beverages and fire extinguishers. Currently, CO2 is used at 
a rote of approximately 120 MtC02 per year (30 MtC yrl) 
worldwide. excluding use for EOR (discussed in Section 5). 
Most (two thirds of the total) is used to produce urea, which 
is used in the manufacture of fertilizers and other products. 
Some of the CO2 is extracted from natural wells, and some 
originates from industrial sources- mainly high-concentration 
sources such as ammonia and hydrogen production plants 
- that capture CO2 as part of the production process. 

Industrial uses of CO2 can, in principle, contribute 
to keeping CO2 out of the atmosphere by storing it in the 
"carbon chemical pool" (i.e .• the stock of carbon-bearing 
manufactured products). However, as a measure for mitigating 
climate change, this option is meaningful only if the quantity 
and duration of CO2 stored are significant, and if there is a 
real net reduction of CO2 emissions. The typical lifetime of 
most of the CO2 currently used by industrial processes has 
storage times of only days to months. The stored carbon is 
then degraded to CO2 and again emitted to the atmosphere. 
Such short time scales do not contribute meaningfully to 
climate change mitigation. In addition, the total industrial use 
figure of 120 MtC02 yr I is small compared to emissions from 
major anthropogenic sources (see Table TS.2). While some 
industrial processes store a small proportion of CO2 (totalling 
roughly 20 MtC02 yr') for up to several decades, the total 
amount of long-term (century-scale) storage is presently in 
the order of 1 MtCO~ yrl or less, with no prospects for major 
increases. 

Another important question is whether industrial uses of 
CO2 can result in an overall net reduction of CO2 emissions 
by substitution for other industrial processes or products. 
This can be evaluated correctly only by considering proper 
system boundaries for the energy and material balances of 
the CO2 utilization processes, and by carrying out a 'detailed 
life-cycle analysis of the proposed use of CO2, The literature 
in this area is limited but it shows that precise figures are 
difficult to estimate and that in many cases industrial uses 
could lead to an increase in overall emissions rather than a 
net reduction. In view of the low fraction of CO2 retained, the 
small volumes used and the possibility that substitution may 
lead to increases in CO2 emissions, it can be concluded that 
the contribution of industrial uses of captured CO2 to climate 
change mitigation is expected to be small. 

The stringency of future requirements for the control of 
greenhouse gas emissions and the expected costs of CCS 
systems will determine, toa large extent, the future deployment 
of CCS technologies relative to other greenhouse gas 
mitigation options. This section first summarizes the overall 
cost of CCS for the main options and process applications 
considered in previous sections. As used in this summary 

and the report, "costs" refer only to market prices but do not 
include external costs such as environmental damages and 
broader societal costs that may be associated with the use 
of CCS. To date, little has been done to assess and quantify 
such external costs. Finally CCS is examined in the context 
of alternative options for global greenhouse gas reductions. 

Cost olCeS systems 

As noted earlier, there is still relatively little experience with 
the combination ofe02 capture, transport and storage in a fully 
integrated CCS system. And while some CCS components 
are already deployed in mature markets for certain industrial 
applications, CCS has still not been used in large-scale power 
plants (the application with most potential). 

The literature reports a fairly wide range of costs for CCS 
components (see Sections 3-7). The range is due primarily to 
the variability of site-specific factors, especially the design, 
operating and financing characteristics of the power plants or 
industrial facilities in which CCS is used; the type and costs 
of fuel used; the required distances, terrains and quantities 
involved in CO2 transport; and the type and characteristics of 
the CO2 storage. In addition, uncertainty still remains about the 
performance and cost of current and future CCS technology 
components and integrated systems. The literature reflects 
a widely-held belief, however, that the cost of building and 
operating CO2 capture systems will decline over time as a 
result of learning-by-doing (from technology deployment) 
and sustained R&D. Historical evidence also ~uggests that 
costs for first-of-a-kind capture plants could exceed current 
estimates before costs subsequently decline. In most CCS 
systems, the cost of capture (including compression) is the 
largest cost component. Costs of electricity and fuel vary 
considerably from country to country, and these factors also 
influence the economic viability of ees options. 

Table TS.9 summarizes the costs of CO2 capture, 
transport and storage reported. in Sections 3 to 7. Monitoring 
costs are also reflected. In Table TS. 10, the component costs 
are combined to show the total costs of CCS and electricity 
generation for three power systems with pipeline transport 
and two geological storage options. 

For the plants with geological storage and no EOR 
credit, the cost of ecs ranges from 0.02-0.05 US$/kWh 
for PC plants and 0.01-0.03 US$IkWh for NGCC plants 
(both employing post-combustion capture). For IGCe plants 
(using pre-combustion capture), the CCS cost ranges from 
0.01-0.03 US$JkWh relative to a similar plant without CCS. 
For all electricity systems, the cost of CCS can be reduced 
by aboutO.0I-O.02 US$/kWh when using EOR with CO2 

storage because the EOR revenues partly compensate for 
the CCS costs. The largest cost reductions are seen for coal
based plants, which capture the largest amounts of CO2, In a 
few cases, the low end of the CCS cost range can be negative, 



, 

Table TS.9. 2002 Cost ranges for the components of a CCS system as applied to a given type of power plant or industrial source. The costs' 
of the separate components cannot simply be summed to calculate the costs of the whole CCS system in US$/COz avoided. All numbers are 
representative of the costs for large-scale, new installations, with natural gas prices assumed to be 2.8-4.4 US$ GJ·I and coal prices 1-1.5 US$ 
GJ-I. ' 

CCS syst~~ cornponents Cost range Remarks" . .. '» .' -'---=:] 
~c~~~r-~~f-ro-m~,-a~c-o~~---0-r-p-s-~-~-d---1-5-~-5-U-S~$~/-~-O-z-n-e-t-c-~-t-~-d---N-e-t-c-o-g-s-O-f-~-p-~-re-d~~m~~~~~~~n~---I 

power plant: without capture. i 
i 

Capture frorrt hydrogen and 5-55 US$/tCOz net captured Applies to high-purity sources requiring simple drying and I 
ammonia p~duction or gas compression. I 
processing 

Capture fro~ other industrial sources 25- fis US$/tC02 net captured 

Transportati~>n 1-8 US$/tCOz transported 

Range reflects use of a number of different technologies and 
fuels. 

Per 250 km pipeline or shipping for mass flow rates of 5 
(high end) to 40 (low end) MtCOz y ... l. 

Geological s~oragea 0.5-8 US$/tCOz net injected Excluding potential revenues from EOR or ECBM. 

Geological storage: monitoring and 0.1-0.3 US$/tCOz injected This covers pre-injection. injection, and post-injection 
verification . monitoring, and depends on the regulatory requirements. 

rean stora~e 5-30 US$/tCOz net injected Including offshore transportation of 100-500 km. excluding 
monitoring and verification. 

Mineral carbonation 50- 100 US$/tC02 net mineralized Range for the best case studied. Includes additional energy 
. use for carbonation. 

--'~."'"""".".'-'''+"-------'------------------------'------'-'-""'-'-'---"'""-"""."". ,,,j 

a Over the long tenn.there may be additional costs for remediation and liabilities. 

indicating th~t the assumed credit for EOR over the life of the 
plant is greater than the lowest reported cost of CO2 capture 
for that system. This might also apply in a few instances of 
low-cost cap.ture from industrial processes. 

In addition to fossil fuel-based energy conversion 
processes, CO2 could also be captured in power plants fueled 
with biomass. or fossil-fuel plants with biomass co-firing. 
At present, ~iomass plants are small in scale (less than 100 
MWJ This 'I means that the resulting costs of production 
with and without CCS are relatively high compared to fossil 
alternatives. Full CCS costs for biomass could amount to 110 
US$ltC02 avoided. Applying CCS to biomass-fuelled or co
fired conversion facilities would lead to lower or negativeD 
CO2 emissio~s, which could reduce the costs for this option, 
depending on the market value.of CO2 emission reductions. 
Similarly, CO2 could be captured in biomass-fueled H2 
plants. The cost is reported to be 22-25 US$/tC02 (80-92 
US$ltC) avoided in a plant producing 1 million NmJ day·' of 
H2, and corresponds to an increase in the H2 prOduct costs of 
about 2.7 US$ G}-I. Significantly larger biomass plants could 
potentially b~nefit from economies of scale, bringing down 
costs of the CCS systems to levels broadly similar to coal 
plants. However, to date, there has been little experience with 
large-scale biomass plants, so their feasibility has not been 
proven yet. and costs and potential are difficult to estimate_ 

The cost of CCS has not been studied in the same depth 
for non-power applications. Because these sources are very 
diverse in telms of CO2 concentration and gas stream pressure, 
the available cost studies show a very broad range. The lowest 
costs were found for processes that already separate CO2 as 
part of the production process, such as hydrogen production 
(the cost of capture for hydrogen production was reported 
earlier in Table TS.4). The full CCS cost, including transport 
and storage, raises the cost of hydrogen production by 0.4 to 
4.4 US$ GJI in the case of geological storage, and by -2.0 
to 2.8 US$ GJI in the case of EOR, based on the same cost 
assumptions as for Table TS. 10. 

Cost 01 CO] avoided 

Table TS.l 0 also shows the ranges of costs for 'C02 avoided'. 
CCS energy requirements push up the amount of fuel input 
(and therefore CO2 emissions) per unit of net power output. 
As a result. the amount of CO2 produced per unit of product 
(a kWh of electricity) is greater for the power plant with 
CCS than the reference plant. as shown in Figure TS.ll. 
To determine the CO2 reductions one can attribute to CCS, 
one needs to compare CO2 emissions per kWh of the plant 
with capture to that of a reference plant without capture. The 
difference is referred to as the 'avoided emissions'. 

\ 

I~ If for eJtampl~ the biomass is harvested at an unsustainable rale (thllt is. faster than the annual re-growth). the net CO~ emissions of the activity might not be 
negative. 



Table TS.I0. Range of total costs for CO2 capture, transport and geological storage based on c\lrrent technology for new power plants using 
bituminous coal or natural gas . 

Power plant performance and cost parameters· Pulverized coal Natural gas Integrated coal 
power plant combined cycle gasification combined 

power ~~.a..!'.~.~ ........ " .... ",,,_ 9'cle power plant 

Reference plant without CCS 
Cost of electricity (US$/kWh) 0.043·0.052 0.031·0.050 0.04 t -0.06 t 

Power plant with capture 

Increased fuel requirement (%) 24--40 11 .. 22 14-25 

CO2 captured (kglkWh) 0.82··0.97 0.36-0.41 0;67:·0.94 

CO2 avoided (kglkWh) 0,62·,0.70 0.30.;032 O.59~O.73 

% CO2 avoided 81 .. 88 83-88 :;0·91 

Power plant with capture and geological storageb 

Cost of electricity (US$IkWh) 0.063.cQ.099 0.043-0.077 0.055-0.091 

Cost of CCS (US$/kWh) 0.019-0.047 0.012-0.029 0.0 10-0.032 

% increase in cost of electricity 43-91 37-85 21-78 

Mitigation cost (US$/tC02 avoided) 30··71 38-91 14 .. 53 

(US$/tC avoided) 110·260 140 .. 330 51-200 

Power plant with capture and enhanced oil 
recovery~ 

Cost of electricity (US$lkWh) 0'()49·0,081 O.O::n·O.t)70 0.040·0;075 

Cost of CCS (US$/kWh) 0.005-0.029 0.OO6.cQ.022 (-0.005)-0.019 

% increase in cost of electricity 12-57 \9-63 ( -10)-46 

Mitigation cost (US$/tC02 avoided) 9-44 19-68 (-7)-31 

(US$/tC avoided) 31-160 71-250 (-25)-120 
.... """''''--» ........ ----.. ,."" .................. -. 

" All changes are relative to a similar (reference) plant without CCS. See Table TS.3 for details of assumptions underlying reported cost ranges. 
" Capture costs based on ranges froin Table TS.3; transport costs range from 0-5 US$/tC02; geological storage cost ranges from 0.6-8.3 US$/tCO!. 

Same capture and transport costs AS above: Net storage costs for EOR range from -10 to -J6 US$/tCO! (based on pre-2003 oil prices of 15·20 US$ per 
barrel). 

Introducing CCS to power plants may influence the 
decision about which type of plant to install and which fuel to 
use. In some situations therefore, it can be useful to calculate 
a cost per tonne of CO2 avoided based on a reference plant 
different from the ees plant. Table TS.lO displays the cost 
and emission factors for the three reference plants and the 
corresponding ees plants for the case of geological storage. 
Table TS.ll summarizes the' range of estimated costs for 
different combinations of ees plants and the lowest-cost 
reference plants of potential interest. It shows, for instance, 
that where a PC plant is planned initially, usi~g CCS in that 
plant may lead to a higher CO2 avoidance cost than if an 
NGCC plant with CCS is selected. provided natural gas is 
available. Another option with lower avoidance cost could 
be to build an IGCe plant with capture instead of equipping 
a PC plant with capture. 

Economic potential of CCS for climate change mir;gation 

Assessments of the economic potential of ees are based , 
on energy and economic models that study future ees 
deployment and costs in the context of scenarios that achieve 
economically efficient, least-cost paths to the stabilization of 
atmospheric CO2 concentrations. 

While there are significant uncertainties in the quantitative 
results from these models (see discussion below), all models 
indicate that CCS systems are unlikely to be deployed 
on a large scale in the absence of an explicit policy that 
substantially limits greenhouse gas emissions to ·the 
atmosphere. With greenhouse gas emission limits imposed, 
many integrated assessments foresee the deployment of 
CCS systems on a large scale within a few decades from the 
start of any significant climate change mitigation regime. 
Energy and economic models indicate that CCS systems 



Reference: 
Plant 

Plant 
with CCS 

CO2 produced (kg/kWh) 

DEmitted 

!I Captured 

Figure TS.ll:. CO2 capture and storage fro~ power plants. The 
increased CO~ production resulting from loss in overall efficiency 
of power plants due to the additional energy required for capture. 
transport and; storage. and any leakage from transport result in a 
larger amount of "CO, produced per unit of product" (lower bar) 
relative to the;referenc~ plant (upper bar) without capture. 

are unlikely ;to contribute significantly to the mitigation of 
climate change unless deployed in the power sector. For this 

to happen, the price of carbon dioxide reductions would have 
to exceed 25-30 US$/tC02, or an equivalent ·limit on CO

2 

emissions would have to be mandated. The literature and 
current industrial experience indicate that, in the absence of 
measures for limiting CO2 emissions, there are only small, 
niche opportunities for CCS technologies t~ deploy. These 
early opportunities involve CO2 captured from a high-purity, 
low-cost source, the transport of CO2 over distances of less 
than 50 km, coupled with CO2 storage in a value-added 
application such as EOR. The potential of such niche options 
is about 360 MtCOz per year (see Section 2). 

Models also indicate that CCS systems will be 
competitive with other large-scale mitigation options such 
as nuclear power and renewable energy technologies. These 
studies show that including CCS in a mitigation portfolio 
could reduce the cost of stabilizing CO2, concentrations by 
, 30% or more. One aspect of the cost competiti veness of CCS 
technologies is that they are compatible with most current 
energy infrastructures. 

In most scenarios, emissions abatement becomes 
, progressively more constraining over time. Most analyses 

indicate that notwithstanding significant penetration of 
CCS systems by 2050, the majority of CCS deployment 
will occur in the second half of this century. The earliest 
CCS deployments are typically foreseen in the industrialized 
nations, with deployment eventually spreading worldwide. 
While results for different scenarios and models differ (often 

Table TS.ll. Mitigation cost ranges for different combinations of reference and CCS plants based on current technology for new power 
plants. Currently, in many regions. common practice would be either a PC plant or an NGCC plantl4

, EaR benefits are based on oil prices of 
15 - 20 US$ .,er barrel. Gas prices are assumed to be 2.8 -4.4 US$/GJ"I. coal prices t -1.5 US$/GJ"I (based on Table 8.3a). 

CCS plant type 

Power plant ;with capture and geological storage 

NGCC 

PC 

IGCe 

Power plant ,with capture and EOR 

NGCC 

PC 

IGCC 

NGCC reference plant 

US$/tC02 avoided 
(US$/tC avoided) 

40-90 
(140 - 330) 

70 - 270 
(260 - 980) 

20- 70 
(70- 250) 

50 - 240 
(180- 8(0) 

20 - 190 
(80 -710) 

................ - ......................... ~.".---.- ..... ~ ..... - ......... 

PC reference plant 

US$ItC01 avoided 
(US$ltC avoided) 

20 - 60 
(SO ,,220) 

30- 70 
(110 - 260) 

20- 70 

() - 30 
if)- 120) 

10 - 40 
(30 - 1(0) 

0-40 
(0 - 160)' 

14 IGCC is not in~luded as a reference power phm' that would be built today since this technology is nol yet widely depioyed in the electricity sector and is usually 
slightly more c!>slly than a PC phmt. 



significantly) in the specific mix and quantities of different 
measures needed to achieve a particular emissions constraint 
(see Figure TS.12), the consensus of the literature shows that 
CCS could be an important component of the broad portfolio 
of energy technologies and emission reduction approaches. 

The actual· use of CCS is likely to be lower than the 
estimates of economic potential indicated by these energy 
and economic models. As noted earlier; the results are 
typically based on an optimized least-cost analysis that does 
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not adequately account for real-world barriers to technology 
development and deployment, such as environmental impact, 
lack of a cleadegal or regulatory framework, the perceived 
investment risks of different technologies, and uncertainty 
as to how quickly the cost of CCS will be reduced through 
R&D and leaming-by-doing. Models typically employ 
simplified assumptions regarding the costs of CCS for 
different applications and the rates at which future costs will 
be reduced. 
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Figure TS.12. These figures are an illuslrative example of the global potential contribution of CCS as part of a mitigation. portfolio. They are 
bused on two alternative integrated assessment models (MESSAGE and MiniCAM) adopting the same assumptions for the main emissions 
drivers. The results would vary cOl)siderably on regional scales. This example is based on a single scenario and therefore does not convey the 
full range of uncertainties. Panels a) and b) show global primary energy use, including the deployment of CCS. Panels c) and d) show the global 
CO2 emissions in grey and corresponding contributions of main emissions reduction measures in colour. Panel e) shows the calculated marginal 
price of CO2 reductions. . 



For CO2 stabilization scenarios between 450 and 750 
ppmv, published estimates of the cumulative amount of 
CO2 potent,ally stored globally over the course of this 
century (in geological fonnations andlor the oceans) span a 
wide range,: from very small contributions to thousands of 
gigatonnes of CO2, To a large extent, this wide range is due to 
the uncertaihty of long-tenn socio-economic, demographic 
and, in particular, technological changes, which are the main 
drivers of future CO2 emissions. However, it is important to 
note that the' majority of results for stabilization scenarios of 
450-750 pp~v CO2 tend to cluster in a range of 220-2,200 
GtC02 (60-600 Gte) for the cumulative deployment of CCS. 
For CCS to achieve this economic potential, several hundreds 
or thousands of CCS systems would be required worldwide 
over the next century, each capturing some 1-5 MtC02 per 
year. As ind~cated in Section 5, it is likely that the technical 
potential for geological storage alone is sufficient to cover 
the high end'of the economic potential range for CCS. 

Perspectives, on CO2 leakage from storage 

The policy implications of slow leakage from storage depend 
on assumpticms in the analysis. Studies conducted to address 
the question <;>fhow todeal with impermanent storage are based 
on different approaches: the value of delaying emissions, cost 
minimization of a specified mitigation scenario, or allowable 
future emissions in the context of an assumed stabilization 
of atmosphciric greenhouse gas concentrations. Some of 
these studies allow future releases to be compensated by 
additional reductions in emissions; the results depend on 
assumptions regarding the future cost of reductions, discount 
rates, the al1)ount of CO2 , stored, and the assumed level of 
stabilization for atmospheric concentrations. In other studies, 
compensatioh is not seen as an option because of political 
and institutional uncertainties and the analysis focuses on 
limitations s~t by the assumed stabilization level and the' 
amount stored. 

While specific results of the range of studies vary with 
the methods: and assumptions made, the outcomes suggest 
that a fraction retained on the order of 90--99% for 100 years 
or 60-95% for 500 years could still make such impennanent 
storage valu~ble for the mitigation of climate change. All 
studies imply that, if CCS is to be acceptable as a mitigation 
measure, there must be an upper limit to the amount of 
leakage that ~an take place. 

An important aspect of CO2 capture and storage is the 
development and application of methods to estimate and 
report the quantities in which emissions of CO2 (and associated 
emissions of methane or nitrous oxides) are reduced, 
avoided, or removed from the atmosphere. The two elements 
involved here are (I) the actual estimation and reporting of 
emissions for national greenhouse gas inventories, and (2) 
accounting for CCS under international agreements to limit 
net emissions. IS 

Current framework 

Under the UNFCCC, national greenhouse gas emission 
inventories have traditionally reported emissions for a specific 
year, and have been prepared on an annual basis or another 
periodic basis. The IPeC Guidelines (lPeC 1996) and Good 
Practice Guidance Reports (lPCC 2000; 2003) describe 
detailed approaches for preparing national inventories 
that are complete, transparent, documented, assessed for 
uncertainties, consistent overtime, and comparable across 
countries. The IPCC documents now in use do not specifically 
include CO2 capture and storage options. However, the IPCC 
Guidelines are currently undergoing revisions that should 
provide some guidance when the revisions are published in 
2006. The framework that already has been accepted could 
be applied to CCS systems, although some issues might need 
revision or expansion. 

Issues relevant to accounting and reporting 

In the absence of prevailing international agreements. it is not 
clear whether the various forms of CO2 capture and storage 
will be treated as reductions in emissions or as removals from 
the atmosphere. In either case, CCS results in new pools of 
CO2 that may be subject to physical leakage at some time in 
the future. Currently, there are no methods available within 
theUNFCCC framework for monitoring, measuring or 
accounting for physicalleaknge from storage sites. However, 
leakage from well-managed geological storage sites is likely 
to be small in magnitude and distant in time. 

Consideration may be given to the creation of a specific 
category for CCS in the emissions reporting framework 
but this is not strictly necessary since the quantities of CO2 

captured and stored could be reflected in the sector in which 
the CO2 was produced. CO2 storage in a given location 
could include CO2 from many different source categories, 
and even from sources in many different countries. Fugitive 

I~ In this context~ "estimation" is the process of calculating greenhouse gas emissions and "reporting" is the process of providing the estimutes to the UNFCCC .. 
.. Accounting'" refe~ to the rules for comparing emissions lmd removals as reported with commitments (IPCC 2(03). 



emissions from the capture, transport and injection of CO2 to 
storage can largely be estimated within the existing reporting 
methods. and emissions associated with· the added energy 
required to operate the ecs systems can be measured and 
reported within the existing inventory frameworks. Specific 
consideration may also be required for CCS applied to 
biomass systems as that application would result in reporting 
negative emissions, for which there is currently no provision 
in the reporting framework. 

Issues relevant to international agreements 

Quantified commitments to limit greenhouse gas emissions 
and the use of emissions trading, Joint Implementation (11) 
or the Clean Development Mechanism (CDM) require clear 
rules and methods to account for emissions and removals. 
Because CCS has the potential to move CO2 across traditional 
accounting boundaries (e.g. CO2 might be captured in one 
country and stored in another, or captured in one year and 
partly released from storage in a later year), the rules and 
methods for accounting may be different than those used in 
traditional emissions·inventories. 

To date, most of the scientific, technical and political 
discussions on accounting for stored CO2 have focused on 
sequestration in the terrestrial biosphere. The history of these 
negotiations may provide some guidance for the development 
of accounting methods for CCS. Recognizing the potential 
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impermanence of CO2 stored in the terrestrial biosphere, 
the UNFCCC accepted the idea that net emissions can be 
reduced through biological sinks, but has imposed complex 
rules for such accounting. CCS is markedly different in many 
ways from CO2 sequestration in the terrestrial biosphere (see 
Table TS.12), and the different forms of CCS are markedly 
different from one another. However, the main goal of 
accounting is to ensure that CCS activities produce real 
and quantifiable reductions in net emissions. One tonne of 
CO2 permanently stored has the same benefit in te~s of 
atmospheric CO2 concentrations as one tonne of CO2 not 
emitted, but one tonne of CO2 temporarily stored has less 
benefit. It is generally accepted that this difference should be 
reHected in any system of accounting for reductions in net 
greenhouse gas emissions. 

The IPCe Guidelines (lPCC 1996) and Good Practice 
Guidance Reports (IPCC 2000; 2003) also contain guidelines 
for monitoring greenhouse gas emissions. It is not known 
whether the revised guidelines of the IPCC for CCS can 
be satisfied by using monitoring techniques, particularly 
for geological and ocean storage. Several techniques are 
available for the monitoring and verification of CO~ emissions 
from geological storage, but they vary in applicability, 
detection limits and uncertainties. Currently, monitoring for 
geological storage can take place quantitatively at injection 
and· qualitatively in the reservoir and by measuring surface 
Hux.es of CO2, Ocean storage monitoring can take place by 

Table TS.l2. Differences in the forms of CCS and biological sinks that might influence the way accounting is conducted. 

Property Terrestrial biosphere Deep ocean Geological reservoirs ._----------------- ------..:.--------"----..:.------, ,--,-,~ ..... ~-~.'".,-----------
CO2 sequestered or stored 

Ownership 

Management decisions 

Monitoring 

Expected retention time 

Physical leakage 

Liability 

Stock changes can be monitored Injected carbon can be 
over time. measured. 

Stocks i.vill have a discrete Stocks will be mobile and may 
location and can be associated reside in international waters. 
with an identifiable owner. 

Storage will be subject to 
continuing decisions about land
use priorities. 

Changes in stocks can be 
monitored. 

Decades, depending on 
management decisions. 

Losses might occur due to 
disturbance. climate change, or 
land-use decisions. 

A discrete land-owner can be 
identified with the stock of 
sequestered carbon. 

Once injected there are no 
funher human decisions about 
maintenance once injection has 
taken place. 

Changes in stocks will be 
modelled. 

Centuries, depending on depth 
and location of injection. 

Losses will assuredly occur 
as an eventual consequence of 
marine circulation and equili
bration with the atmosphere. 

Multiple panies may contribute 
to the same stock of stored 
CO2 and the CO2 may reside in 
international waters. 

Injected carbo~can be measured. 

Stocks may reside in reservoirs that 
. cross national or property boundaries 
and differ from surface boundaries. 

Once injection has taken place, 
human decisions about continued 
storage involve minimal 
maintenance, unless storage 
interferes with resource recovery. 

Release of CO2 can .be detected by 
physical monitoring. . 

Essentially pennanent, barring 
physical disruption of the reservoir. 

Losses are unlikely except in the 
case of disruption of the reservoir or 
the existence of initially undetected 
leakage pathways. 

Multiple parties may contribute to 
the same stock of stored CO2 that 
may lie under multiple countries. 



detecting th~ CO2 plume, but not by measuring ocean surface 
release to ~heatmosphere. Experiences from monitoring 
existing CCS projects are still too limited to serve as a 
basis for co'nc1usions about the physical leakage rates and 
associated uncertainties. 

The, Kyoto Protocol creates different units of accounting 
for greenh~use gas emissions, emissions reductions, 
and emissions sequestered under different compliance 
mechanisms'. • Assigned amount units' (AA Us) describe 
emissions commitments and apply to emissions trading, 
'certified emission reductions' (CERs) are used under the 
CDM, and 'emission reduction units' (ERUs) are employed 
under JI. To date, international negotiations have provided 
little guidance about methods for calculating and accounting 
for project-related CO2 reductions from CCS systems (only 
CERs or E~Us), and it is therefore uncertain, how such 
reductions ""ill be accommodated under the Kyoto Protocol. 
Some guidance may be given by the methodologies for 
biological-sink rules. Moreover, current agreements do not 
deal with doss-border CCS projects. This is particularly 
important when dealing with cross-border projects involving 
CO2 capture in an 'Annex B' country that is party to the 
Kyoto Protocol but stored in a country that is not in Annex B 
or is not bou,nd by the Protocol. 

Although methods currently available for national 
emissions inventories can either accommodate CCS systems 
or be revised to do so, accounting for stored CO2 raises 
questions abput the acceptance and transfer of responsibility 
for stored emissions. Such issues may be addressed through 
national and'international political processes. 

This summary of the gaps in knowledge covers aspects of 
CCS where increasing knowledge, experience and reducing 
uncertainty ~ould be important to facilitate decision-making 
about the large-scale deployment of CCS. 

Technologies/or capture and storage 

Technologies for the capture of CO2 are' relatively well 
understood today based on industrial experience in a variety 
of applications. Similarly, there are no major technical or 
knowledge barriers to the adoption of pipeline transport. 
or to the adoption of geological storage of captured CO2, 

However, th~ integration of capture, transport and storage 
in full-scale' projects is needed to gain the knowledge and 
experience required for a more widespread deployment 
of CCS technologies. R&D is also needed to improve 
knowledge of emerging concepts and enabling technologies 
for CO2 capture that have the potential to significantly reduce 
the costs of:capture for new and existing facilities. More 
specifically, there are knowledge gaps relating to large coal-

based and natural gas-based power plants with CO2 capture on 
the order of several hundred megawatts (or several MtCOz)' 
Demonstration of CO2 capture on this scale is needed to 
establish the reliability and environmental performance of 
different types of power systems with capture, to reduce 
the costs of CCS, and to improve confidence in the cost 
estimates. In addition, large-scale implementation is needed 
to obtain better estimates of the costs and performance of 
CCS in industrial processes, such as the cement and ste¢l 
industries, that are significant sources of CO2 but have little 
or no experience with CO2 capture. 

With regard to mineral carbonation technology, a major 
question is how to exploit the reaction heat in practical 
designs that can reduce costs and net energy requirements. 
Experimental facilities at pilot scales are needed to address 
these gaps. 

With regard' to industrial uses of captured CO2, further 
study of the net energy and CO2 balance of industrial 
processes that use the captured CO2 could help to establish a 
more complete picture of the potential'of this option. 

Geographical relationship between, the sources and storage 
opportunities of CO2 

An improved picture of the proximity of major CO2 sources 
to suitable storage sites (of all types), and the establishment 
of cost curves for the capture, transport and storage of 
CO2, would facilitate decision-making about large-scale 
deployment of CCS. In this. context, detailed regional 
assessments are required to evaluate how well large CO2 

emission sources (both current and future) match suitable 
storage options that can store the volumes required. 

Geological storage capacity and effectiveness 

There is a need for improved storage capacity estimates at the 
global, regional and local levels. and for a better understanding 
of long-term storage, migration and leakage processes. 
Addressing the latter issue will require an enhanced ability to 
monitor and verify the behaviour of geologically stored CO2, 

The implementation of more pilot and demonstration storage 
projects in a range of geological, geographical and economic 
settings would be important to improve our understanding of 
these issues. 

Impacts of ocean storage 

Major knowledge gaps that should be filled before the risks 
and potential for ocean storage can be assessed concern the 
ecological impact of CO2 in the deep ocean. Studies are 
needed of the response of biological systems in the deep sea 
to added CO2, including studies that are longer in duration 
and larger in scale than those that have been performed until 



I now. Coupled with this is a need to develop techniques and 
sensors to detect and monitor CO2 plumes and their biological 
and geochemical consequences. 

Legal and regulatory issues 

Current knowledge about the legal and regulatory 
requirements for implementing CCS on a larger scale is still 
inadequate. There is no appropriate framework to facilitate the 
implementation of geological storage and take "into account 
the associated long-term liabilities. Clarification is needed 
regarding potential legal constraints on storage in the marine 
environment (ocean or sub·seabed geological storage). Other 
key knowledge gaps are related to the methodologies for 
emissions inventories and accounting. 

Global contribution of CCS to mitigating climate change 

There are several other issues that would help future decision
making about CCS by further improving our understanding 
of the potential contribution of CCS to the long-term global 
mitigation and stabilization of greenhouse gas concentrations. 
These include the potential for transfer and diffusion ·of 
CCS technologies. including opportunities for developing 
countries to exploit CCS, its application to biomass sources 
of CO2, and the potential interaction between investment in 
CCS and other mitigation options. Further investigation is 
warranted into the question of how long CO2 would need to 
be stored. This issue is related to stabilization pathways and 
intergenerationa I aspects. 
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EXECUTIVE SUMMARY 

The purpose of CO
2 

capture is to produce a concentrated stream 
that can be readily transported to a CO2 storage site. CO2 capture 
and storage is most applicable to large, centralized sources 
like power plants and large industries. Capture technologies 
also open the way for large-scale production of low-carbon or 
carbon-free electricity and fuels for transportation, as well as 
for small-scale or distributed applications. The energy required 
to operate CO

2 
capture systems reduces the overall efficiency of 

power generation or other processes, leading to incre'ased fuel 
requirements, solid wastes and environmental impacts relative 
to the same type of base plant without capture. However, as 
more efficient plants with capture become available and replace 
many of the older less efficient plants now in service, the 
net impacts will be compatible with clean air emission goals 
for fossil fuel use. Minimization of energy requirements for 
capture, together with improvements in the efficiency of energy 
conversion processes will continue to be high priorities for 
future technology development in order to minimize overall 
environmental impacrs and cost. 

At present, CO
2 

is routinely' separated at some large 
industrial plants such as natural gas processing and ammonia 
production facilities, although these plants remove CO

2 
to 

meet process demands and not for storage. CO2 capture also 
has been applied, to severnl small power plants. However, 
there have been no applications at large-scale power plants of 
several hundred megawatts, the major source of current and 
projected CO

2 
emissions. There are three main approaches to 

CO2 capture, for industrial and power plant applications. Pos/
combustion systems separate CO

2 
from the Hue gases produced 

by combustion of a primary fuel (coal, natural gas, oil or 
biomass) in air. Oxy-jueJ combustion uses oxygen instead of 
air for combustion, producing a flue gas that is mainly H

2
0 and 

CO
2 
and which is readily captured. This is an option still under 

development. Pre-combustion systems process the primary fuel 
in a reactor to produce separate streams of CO

2 
for storage and 

Hz which is used as a fuel. Other industrial processes, including 
processes for the production of low-carbon or carbon-free fuels, 
employ one or more of these same basic capture methods. The 
monitoring, risk and legal aspects associated with CO, capture 
systems appear to present no new challenges, as they are all 
elements of long-standing health, safety and environmental 
control practice in industry. 

For all of the aforementioned applications, we reviewed 
recent studies of the performance and cost of commercial or 
near-commercial technologies, as well as that of newer CO

2 
capture concepts that are the subject of intense R&D efforts 
worldwide. For power plants, current commercial CO

2 
capture r 

systems can reduce CO2 emissions by 80-90% kWh-I (85-
95% capture efficiency). Across all plant types the cost of 
electricity production (CaE) increases by 12-36 US$ MWh· 1 

(US$ 0.012-0.036 kWh-I) over a similar type of plant without 
capture, corresponding to a 40-85% increase for a supercritical 
pulverized coal (PC) plant, 35-70% for a natural gas combined 
cycle (NGCC) plant and 20-55% for an integrated gasification 
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combined cycle (IGCC) plant using bituminous coal. Overall 
the CaE for fossil fuel plants with capture, ranges from 43-86 
US$ MWh-1, with the cost per tonne of CO

2 
ranging from 11-

57 US$/tC0
2 

captured or 13-74 US$/tC02 avoided (depending 
on plant type, size, fuel type and a host of other factors). These 
costs include COz compression but not additional transport 
and storage costs. NGCC systems typically have a lower COE 
than new PC and IGCC plants (with or without capture) for 
gas prices below about 4 US$ G]"I. Most studies indicate that 
IGCC plants are slightly more costly without capture and 
slightly less costly with capture than similarly sized PC plants, 
~ut the differences in cost for plants with COz capture can vary 
with coal type and other local factors. The lowest COz capture 
costs (averaging about 12 US$/t CO2 captured or 15 US$/tC02 

avoided) were found for industrial processes such as hydrogen 
production plants that produce concentrated CO2 streams as part 
of the current production process; such industrial processes may 
represent some of the earliest opportunities for CO

2 
Capture 

and Storage (CCS). In all cases, CO
2 

capture costs are highly 
dependent upon technical. economic and financial factors 
related to the design and operation of the production process 
or power system of interest, as well as the design and operation 
of the CO

2 
capture technology employed. Thus, comparisons 

of alternative technologies. or the use of CCS cost estimates, 
require a specific context to be meaningful. 

New or improved methods of CO
2 

capture, combined with 
advanced power systems and industrial process designs, can 
significantly reduce CO2 capture costs and associated energy 
requirements. While there is considerable uncertainty about the 
magnitude and .timing of future cost reductions, this assessment 
suggests that improvements to commercial technologies can 
reduce COicapture costs by ar least 20-30% over approximately 
the next decade, while new technologies under development 
promise more substantial cost reductions. Realization of future 
cost reductions, however, will require deployment and adoption 
of commercial technologies in the marketplace as well as 
sustained R&D. 
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Figure 3.1 CO2:capture systems (adapted from BP). 

3.1 Int~oduction 

3.1.1 The: basis/or CO2 captllre 

The main application of CO
2 

capture is likely to be at large 
point sources:. fossil fuel power plants. fuel processing plants 
and other industrial plants. particularly for the manufacture of 
iron, steel. cement and bulk chemicals. as discussed in Chapter 
2. 

Capturing (:02 directly from small and mobile sources in the 
transportation ~mdresidential & commercial building secto~ is 
expected to be more difficult and expensive than from large point 
sources. Small-scale capture is therefore not further discussed 
in this chapte~. An alternative way of avoiding emissions of 
CO

2 
from these sources would be by use of energy carriers such 

as hydrogen or electricity produced in large fossil fuel-based 
plants with C~2 capture or by using renewable energy sources. 
Production of ;hydrogen with CO2 capture is included in this 
chapter. ' 

The possibility of CO2 capture from ambient air (Lackner. 
2003) is not i discussed in this chapter because the CO, 
concentration !in ambient air is around 380 ppm. a facto~ 
of 100 or mo~e low~r than in flue gas. Capturing CO2 from 
air by the growth of biomass and its use in industrial plants 
with CO

2 
capt~re is more cost-effective based on foreseeable 

technologies. and is included in this chapter. 
In an analy~is of possible future scenarios for anthropogenic 

greenhouse-gas emissions it is implicit that technological 
innovations will be one of the key factors which determines 
our future path:(Section 2.5.3). Therefore this chapter deals not 

only with application of existing technology for CO, capture. 
but describes many new processes under development which 
may result in lower CO

2 
capture costs in future. 

3.1.2 CO] capture systems 

There are four basic systems for capturing CO2 from use of 
fossil fuels and/or biomass: 
• Capture from industrial process streams (described in 

Section 3.2); 
Post-combustion capture (described in Section 3.3); 

• Oxy-fuel combustion capture (described in Section 3.4); 
Pre-combustion capture (described in Section 3.5). 

These systems are shown in simplified form in Figure 3.1 

3.1.2.1 Capture from industrial process streams 
CO2 has been captured from industrial process streams for 
80 years (Kohl and Nielsen. 1997). although most of the CO, 
that is captured is vented to the atmosphere because there is 
no incentive or requirement to store it. Current examples of 
CO2 capture from process streams are purification of natural 
gas and production of hydrogen-containing synthesis gas for 
the manufacture of ammonia, alcohols and synthetic liquid 
fuels. Most of the techniques employed for CO

2 
capture in 

the examples mentioned are also similar to those used in pre
combustion capture. Other industrial process streams which 
are a source of CO, that is not captured include cement and 
steel production, and fermentation processes for food and drink 
production. CO

2 
could be captured from these streams using 



Chapter 3: Capture oj CO 2 

techniques that are common to post-combustion capture, oxy
fuel combustion capture and pre-combustion capture (see below 
and Section 3.2). 

3.1.2.2 Post-combustion capture 
Capture of CO

2 
from flue gases produced by combustion of 

fossil fuels and biomass in air is referred to as post-combustion 
capture. Instead of being discharged directly to the atmosphere, 
flue gas is passed through equipment which separates most of 
the CO

2
, The CO

2 
is fed to a storage reservoir and the remaining 

flue gas is discharged to the atmosphere. A chemical sorbent 
process as described in Section 3.1.3.1 would normally be used 
for CO

2 
separation. Other techniques are also being considered 

but these are not at such an advanced stage of development. 
Besides industrial applications, the main systems of 

reference for post-combustion capture are the current installed 
capacity of 2261 OWe of oil, coal and natural gas power plants 
(lEA WEO, 2004) and in particular, 155 OWe of supercritical 
pulverized coal fired plants (lEA CCC, 2005) and 339 aWe of 
natural gas combined cycle (NOCC) plants. both representing 
the types of high efficiency power plant technology where CO2 

capture can be best applied (see Sections 3.3 and 3.7). 

3.1.2.3 Oxy-fuel combustion capture 
In oxy-fuel combustion, nearly pure oxygen is used for 
combustion instead of air, resulting in a flue gas that is mainly 
CO

2 
and H

2
0. If fuel is burnt in pure 'oxygen, the Harne 

temperature is excessively high. but CO2 and/or H20-rich 
flue gas can be recycled to the combustor to moderate this. 
Oxygen is usually produced by low temperature (cryogenic) 
air separation and novel techniques to supply oxygen to the 
fuel, such as membranes and chemical looping cycles are being 
developed. The power plant systems of reference for oxy-fuel 
combustion capture systems are the same as those noted above 
for post-combustion' capture systems. 

3.1.2.4 Pre-combustion caplltre 
Pre-combustion capture involves reacting a fuel with oxygen 
or air and/or steam to give mainly a 'synthesis gas (syngas)' or 
'fuel gas' composed of carbon monoxide and hydrogen. The 
carbon monoxide is reacted with steam in a catalytic reactor. 
cal1ed a shift converter, to give CO2 and more hydrogen. CO2 

is then separated, usually by a physical or chemical absorption 
process, resulting in a hydrogen-rich fuel which can be used 
in many applications, such as boilers, furnaces, gas turbines, 
engines' and fuel cells. These systems are considered to be 
strategically important (see Section 3.5) but the power plant 
systems of reference today are 4 OWe of both oil and coal-based, 
integrated gasification combined cycles (laCC) which are 
around 0.1 % of total installed capacity worldwide (3719 0 We; 
lEA WEO, 2004). Other reference systems for the application 
of pre-combustion capture include substantially more capacity 
than that identified above for lacc in existing natural gas. oil 
and coal-based syngas/hydrogen production facilities and other 
types of industrial systems described in more detail in Sections 

, 3.2 and 3.5: 
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3.1.3 Types o/C02 captllre technologies 

CO
2 

capture systems use many of the known technologies for 
gas separation which are integrated into the basic systems for 
CO

2 
capture identified in the last section. A summary of these 

separation methods is given below while fUl1her details are 
available in standard textbooks. 

3.1.3. J Separation with. sorbents/solvents 
The separation is achieved by passing the CO

2
-containing gas 

in intimate contact with a liquid absorbent or solid sorbent that 
is capable of capturing the COl' In the general scheme of Figure 
3.2a, the sorbent loaded with the captured CO

2 
is transported to 

a different vessel, where it releases the CO
2 

(regeneration) after 
being heated, after a pressure decrease or after any other change 
in the conditions around the sorbent. The sorbent resulting after 
the regeneration step is sent back to capture more CO2 in a cyclic 
process. In some variants of this scheme the sorbent is a solid 
and does not circulate between vessels because the sorption 
and regeneration are achieved by cyclic changes (in pressure 
or temperature) in the vessel where the sorbent is contained. A ' 
make-up How of fresh sorbent is always required to compensate 
for the natural decay of activity and/or sorbent losses. In some 
situations, the sorbent may be a solid oxide which reacts in a 
vessel with fossil fuel or biomass producing heat and mainly 
CO2 (see Section 3.4.6). The spent sorbent is then circulated to a 
second vessel where it is re-oxidized in air for reuse with some 
loss and make up of fresh sorbent. 

The general scheme of Figure 3.2 governs many important 
CO2 capture systems. including leading commercial options like 
chemical absorption and physical absorption and adsorption. 
Other emerging processes based on new liquid sorbents, or 
new solid regenerable sorbents are being developed with the 
aim of overcoming the limitations of the existing systems. 
One common problem of these C0

7 
capture systems is that 

the flow of sorbent between the vess~ls of Figure 3.2a is large 
because it has to match the huge HO\~ of CO

2 
being processed 

in the power plant. Therefore, equipment sizes and the energy 
required for sorbent regeneration are large and tend to translate 
jnto an important efficiency penalty and added cost. Also, in 
systems using expensive sorbent materials there is always a 
danger of escalating cost related to the purchase of the sorbent 
and the disposal of sorbent residues. Oood sorbent performance 
under high CO2 loading in many repetitive cycles is obviously 
a necessary condition in these CO

2 
capture systems. 

3.1.3.2 Separation with membranes 
Membranes (Figure 3.2b) are specially manufactured materials 
that allow the selective permeation of a gas through them. The 
selectivity of the membrane to different gases is intimately 
related to the nature of the material, but the flow of gas through 
the membrane is usually driven by the pressure difference 
across the' membrane. Therefore, high-pressure streams are 
usually preferred for' membrane separation. There are many 
different types of membrane materials (polymeric, metallic, 
ceramic) that may find application in CO

2 
capture systems to 
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Figure 3.2 Gen~ral schemes of the main separation processes relevant for CO2 capture. The gas removed in the separation may be CO2, H2 or 02' 
In Figures 3.2b and 3.2c one of the separated gas streams (A and B) is a concentrated stream of CO2, H2 or 02 and the other is a gas stream with 
all the remainjng gases in the original gas (A+B). 

preferentially separate H2 from a fuel gas stream, CO2 from a 
range of process streams or 0z from air with the separated 02 
subsequently ~iding the production of a highly concentrated 
CO

2 
stream. Although membrane separation finds many current 

commercial applications in industry (some of a large scale, 
like CO

2 
separation from natural g~s) they have not yet been 

applied for th~ large scale and demanding conditions in terms 
of reliability ~nd low-cost required for CO2 capture systems. 

_ A large worldwide R&D effort is in progress aimed at the 
manufacture of more suitable membrane materials for CO

2 

capture in large-scale applications. 

3./.3.3 Distillation o/a liquefied gas stream and 
refrigerated separation 

A gas can be r;nade liquid by a series of compression, cooling 
and expansion steps. Once in liquid form, the components of 
the gas can b~ separated in a distillation column. In the case 
of air, this operation is currently carried out commercially on 
a large scale. Oxygen can be separated from air following the 
scheme of Figure 3.2c and be used in a range of CO

2 
capture 

systems (oxy-fuel combustion and pre-combustion capture). As 
in the previou~ paragraphs, _ the key issue for these systems is 

the large flow of oxygen required. Refrigerated separation can 
also be used to separate COz from other gases. It can be used 
to separate impurities from relatively high purity CO

2 
streams, 

for example, from oxy-fuel combustion and for CO
2 

removal 
from natural gas or synthesis gas that has undergone a shift 
conversion of CO to CO2, 

3.1.4 Application o/COz captllre 

The CO2 capture systems shown in Figure 3.1 can be cross
referenced with the different separation technologies of Figure 
3.2, resulting in a capture toolbox. Table 3.1 gives an overview 
of both current and emerging technologies in this toolbox. In the 
next sections of this chapter a more detailed description of all 
these technological options will be given. with more emphasis 
on the most developed technologies for which the CO2 capture 
cost can be estimated most reliably. These leading commercial 
options are shown in bold in Table 3. I. An overview of the 
diverse range of emerging options being investigated worldwide 
for CO2 capture applications will also be provided. All of these 
options are aimed at more efficient and lower cost CO

2
-capture 

systems (compared with the I~ading options). It is important 
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to understand that this wide variety of approaches for CO, 
capture will tend to settle with time as the expected benefits 
(and potential weaknesses) in the technological portfolio of 
Table 3.1 becomes obvious with new results from current and 
future research and demonstration projects. Only a few of these 
options will prove truly cost-effective in the medium to long 
term. 

CO
2 

capture may be installed in new energy utilization 
plants or'it may be retrofitted to existing plants. In principle, 
if CO

2 
capture is to be introduced rapidly. it may have to be 

retrofitted to some existing plants or these plants would have to 
be retired prematurely and replaced by new plants with capture. 
Disadvantages of retrofits are: 

There may be site constraints such as availability of land for 
the capture equipment~ 
A long remaining plant life may be needed to justify the 
large expense of installing capture equipment; 
Old plants tend to have low energy efficiencies. Including 
CO2 capture will have a proportionally greater impact on the 
net output than in high efficiency plants. 

To minimize the site constraints, new energy utilization plants 
could be built 'capture-ready', that is ,with the process design 
initially factoring in the changes necessary to add capture and 
with sufficient space and facilities made available for simple 
installation of CO2 capture at a later date. For some types of 
capture retrofit. for example pre-combustion capture and oxy
fuel combustion, much of the retrofit equipment could be built 
on a separate site if necessary. 

The other barriers could be largely overcome by upgrading 
or substantially rebuilding the existing plant when capture is 
retrofitted. For example, old inefficient boilers and steam turbines 
could be replaced by modern. high-efficiency supercritical 
boilers and turbines or IGCe plants .. As the efficiencies of 
power generation technologies are increasing, the efficiency of 

. the retrofitted plant with CO
2 

capture could be as high as that of 
the original plant without capture. 

3.2 Industrial process capture systems 

3.2.1 Introduction 

There are several industrial applications involving process 
streams where the opportunity exists to capture CO

2 
in large 

quantities and at costs lower than from the systems described 
in the rest of this chapter. Capture from these sources will not 
be the complete answer to the needs of climate change. since 
the volumes of combustion-generated CO

2 
are much higher. 

but it may well be the place where 'the first capture and storage 
occurs. 

3.2.2 Natllral gas sweetening 

Natural gas contains different concentration levels of CO
2

, 

depending on its source, which must be removed. Often pipeline 
specifications require that the CO2 concentration be lowered to 
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around 2% by; volume (although this amount varies in different 
places) to prevent pipeline corrosion, to avoid excess energy 
for transport ·and to increase the heating value of the gas. 
Whilst accur~te figures are published for annual worldwide 
natural gas p~uction (BP, 2004), none seem to be published 
on how much of that gas may contain CO

2
, Nevertheless, a 

reasonable assumption is that about half of raw natural gas 
production contains CO2 at concentrations averaging at least 
4% by volume. These figures can be used to illustrate the 
scale of this CO2 capture and storage opportunity. If half of the 
worldwide production of 2618.5 billion mJ of natural gas in 
2003 is reduced in CO2 content from 4 to 2% mol, the resultant 
amount of CO2 removed would be at least 50 Mt CO

2 
yr-'. It is 

interesting to ~ote that there are two operating natural gas plants 
capturing and;storing CO2, BP's In Salah plant in Algeria and 
a Statoil plantat Sieipner in the North Sea. Both capture about 
I MtC02 yr-I (see Chapter 5). About 6.5 million tC0

2 
yr-I from 

natural gas sweetening is also currently being used in enhanced 
oil recovery (EOR) in the United States (Beecy and Kuuskraa, 
2005) where in these commercial EOR projects, a large fraction 
of the injecte~ CO

2 
is also retained underground (see Chapter 

5). . , 
Depending on the level of CO

2 
in' natural gas, different 

processes for. natural gas sweetening (Le., HzS and CO2 

removal) are available (Kohl and Nielsen, 1997 and Maddox 
and Morgan, 1998): 

Chemical solvents 
Physical solvents 
Membranes 

Natural gas sweetening using various alkanolamines (MEA, 
DEA, MDEA,' etc.; See Table 3.2), or a mixture of them. is the 
most commonly used method. The process flow diagram for CO:! 
recovery frominatural gas is similar to what is presented for flue 
gas treatment '(see Figure 3.4. Section 3.3.2.1). except that in 
natural gas prqcessing, absorption occurs at high pressure, with 
subsequent expansion before the stripper column, where CO2 

will be flashe~ and separated. When the CO2 concentration in 
natural gas is high, membrane systems may be more economical. 
Industrial application of membranes for recovery of CO

2 
from 
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natural gas started in the early 1980s for small units, with many 
design parameters unknown (Noble and Stern, 1995). It is now 
a we1l-established and competitive technology with advantages 
compared to other technologies, including amine treatment 
in certain cases (Tabe-Mohammadi, 1999). These advantages 
include lower capita) cost, ease of skid-mounted insta])ation, 
lower energy consumption, ability to be applied in remote areas, 
especialJ)' offshore and flexibility. 

3.2.3 Steel production 

The iron and steel industry is the largest energy-consuming 
manufacturing sector in the world, accounting for 10-15% 
of total industrial energy consumption (lEA GHG, 2000a). 
Associated CO2 emissions were estimated at 1442 MtCO] in 
1995. Two types of iron- and steel-making technologies are in 
operation today. The integrated steel plant has a typical capacity 
of 3-5 Mtonnes yr-I of steel and uses coal as its basic fuel with, 
in many cases, additional natural gas and oil. The mini-mill 
uses electric arc furnaces to melt scrap with a typical output of I 
Mtonnes yr-I of steel and an electrical consumption of 300-350 
kWh tonne-I steel. Increasingly mini-mills blend direct-reduced 
iron (DRI) with scrap to increase steel quality. The production 
of direct-reduced iron involves reaction of high oxygen content 
iron ore with H2 and CO to form reduced iron plus H

2
0 and 

CO,. As a result, many of the direct reduction iron processes 
couid capture a pure CO

2 
stream. 

An imp0l1ant and growing trend is the use of new iron
making processes, which can use lower grade coal than the 
coking coals required for blast furnace operation. A good 
example is the COREX process (von Bogdandy et. ai, 1989), 
which produces a large additional quantity of N

2
-free fuel gas 

which can be used in a secondary operation to convert iron 
ore to iron. Complete CO

2 
capture from this process should be 

possible with this arrangement since the CO2 and H
2
0 present 

in the COREX top gas must be removed to allow the CO plus 
H2 to be heated and used to reduce iron oxide to iron in the 
secondary shaft kiln. This process will produce a combination 
of molten iron· and iron with high recovery of CO

2 
derived 

from the coal feed to the COREX process. 

Table 3.2 ComtP0n solvents used for th~ re~ova~".ofC02from natural gas ~~~~hift,~.~."~yngas in pre-combustion capture processes. 

Sol!ent J1R.m~; TYpe Chemical name Vendors - .. ~~-
Rectisol Physical Methanol Lurgi and Linde, Germany 

Lotepro Corporation, USA 

Purisol Physical N-methyl-2-pyrolidone (NMP) Lurgi. Germany 

Selexol Physical Dimethyl ethers of polyethylene glycol (OM PEG) Union Carbide, USA 

Benfield Chemical Potassium carbonate UOP 
MEA Chemical Monoethanolamine Various 
MDEA Chemical Melhyldiethylamine BASF and others 
Sulfinol Chemical Tetrahydrothiophene I, I-dioxide (SuJfolone). Shell 

an alkaloamine and water 
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Early opportunities exist for the capture of CO2 emissions 
from the iron and steel industry. such as: 
• CO2 recovery from blast furnace gas and recycle of CO-rich 

. top gas to the furnace. A minimum quantity of coke is still 
required and the blast furnace is fed with a mixture of pure 
02 and recycled top gas. The furnace is. in effect, converted 
from air firing to oxy-fuel firing with CO2 capture (see 
Section 3.4). This would recover 70% of the CO2 currently 
emitted from an integrated steel plant (Dongke et at., 1988). 
It would be feasible to retrofit existing blast furnaces with 
this process. 

• Direct reduction of iron ore, using hydrogen derived from, 
a fossil fuel in a pre-combustion capture step (see Section 
3.5) (Duarte and Reich, 1998). Instead of the fuel being 
burnt in the furnace and releasing its CO2 to atmosphere. 
the fuel would be converted to hydrogen and the CO2 would 
be captured during that process. The hydrogen would 
then be used as a reduction agent for the iron ore, Capture 
rates should be 90-95% according to the design of the pre
combustion capture technique (see Section 3.5). 

Other novel process routes for steel making to which CO2 capture 
can be applied are currently in the research and development 
phase (Gielen, 2003; lEA. 2004) 

3.2.4 Cement production 

Emissions of CO, from the cement industry account for 6% of 
the total emission-s of CO

2 
from stationary sources (see Chapter 

2). Cement production requires large quantities of fuel to drive 
the high temperature. energy-intensive reactions associated 
'with the calcination ofthe limestone - that is calcium carbonate 
being converted to calcium oxide with the evolution of CO,. 

At present, CO2 is not captured from cement plants.· but 
possibilities do exist. The concentration of CO

2 
in the flue gases 

is between 15-30% by volume. which is higher than in flue 
gases from power and heat production (3-15% by volume). So, 
in principle, the post-combustion technologies for CO

2 
capture 

described in Section 3.3 could be applied to cement production 
plants, but would require the additional generation of steam in 
a cement plant to regenerate the solvent used to capture. CO

2
, 

Oxy-fuel combustion capture systems may also become a 
promising technique to recover CO

2 
(lEA GHG, 1999). Another 

emerging option would be the use of calcium sorbents for CO2 

capture (see Sections 3.3.3.4 and 3.5.3.5) as calcium carbonate 
(limestone) is a raw material already used in cement plants. All 
of these capture techniques could be applied to retrofit, or new 
plant applications. 

3.2.5 A,~monia production 

CO
2 

is a byproduct of ammonia (NH;I) production (Leites et a/ .• 
2003); Two main groups of processes are used: 

Steam reforming of light hydrocarbons (natural gas, liquefied 
petroleum gas, naphtha) 
Partial oxidation or gasification of heavy hydrocarbons 
(coal, heavy fuel oil. vacuum residue). 
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Around 85% of ammonia is made by processes in the steam 
methane reforming group and so a description of the process is 
useful. Although the processes vary in detail. they all comprise / 
the following steps: 

I. Purification of the feed; 
2. Primary steam methane refolll1ing (see Section 3.5.2.1); 
3. -Secondary reforming. with the addition of air, commonly 

called auto thermal reforming (see Section 3.5.2.3); 
4. Shift conversion of CO and H20 to COzandH2; 

5. Removal of CO
2
; 

6. Methanation (a process that reacts and removes trace CO 
and CO2); 

7. Ammonia synthesis. 

The removal of CO, as a pure stream is of interest to this report. 
A typical modern plant will use the amine solvent process to 
treat 200,000 Nm3 h" of gas from the reformer, to produce 72 
tonnes h-' of concentrated CO

2 
(Apple. 1997). The amount of 

CO
2 

produced in modern plants from natural gas is about 1.27 
tCO/tNH3• Hence, with a world ammonia production of about 
100 Mtonnes yrl, about 127 MtC02 yrl is produced. However. 
it should be noted that this is not all available for storage. as 
ammonia plants are frequently combined with urea plants, 
which are capable of utilizing 70-90% of the CO2, About 0.7 
MtC0

2 
yr1captured from ammonia plants is currently used 

for enhanced oil recovery in the United States (Beecy and 
Kuuskraa, 2005) with a large fraction of the injected CO, being 
retained underground (see Chapter 5) in these commerci~1 EOR 
projects. 

3.2.6 Status and olltwok 

We have reviewed processes - current and potential- that may be 
used to separate CO2 in the course of producing another product. 
One of these processes, natural gas sweetening. is already being 
used in two industrial plants to capture and store about 2 MtCOz 
yr:1 for the purpose of climate change mitigation. In the case of 
ammonia production. pure CO2 is already being separated. Over 
7 MtC0

2 
yrl captured from both natural gas sweetening and 

ammonia plants is currently being used in enhanced oil recovery 
with some storage (see also Chapter 5) of the injected CO

2 
in 

these commercial EOR projects. Several potential processes for 
CO2 capture in steel and cement production exist. but none have 
yet been applied. Although the total amount of CO2 that may 
be captured from these industrial processes is insignificant in 
terms of the scale of the climate change challenge, significance 
may arise in that their use could serve as early examples of 
solutions that can be applied on larger scale elsewhere. 

3.3 Post-combustion capture systems 

3.3.1 Introduction 

Current anthropogenic CO
2 

emissions from stationary sources 
come mostly from combustion systems such as power plants. 
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cement kilns, furnaces in industries and iron and steel production 
plants (see Chapter 2). In these large-scale processes. the direct 
firing of fuel :with air in a combustion chamber has been (for 
centuries, as it, is today) the most economic technology to extract 
and use the energy contained in the fuel. Therefore, the· strategic 
importance of post-combustion capture systems becomes 
evident when :confronted with the reality of today's sources of 
CO2 emission~. Chapter 2 shows that any attempt to mitigate 
CO2 emission~ from stationary sources on a relevant scale using 
CO2 capture and storage, will have to address CO

2 
capture from 

combustion systems. All the CO, capture systems described in 
this section are aimed at the separation of CO

2 
from the Hue 

gases generated in a large-scale combustion process fired with 
fossil fuels. Similar capture systems can also be applied to 
biomass fired 'combustion processes that tend to be used on a 
much smaller scale compared to those for fossil fuels. 

Flue gases' or stack gases found in combustion systems are 
usually at atmospheric pressure. Because of the low pressure, 
the large presence of nitrogen from air and the large scale of the 
units, huge Hows of gases are generated, the largest example 
of which may be the stack emissions coming from a natural 
gas combined cycle power plant having a maximum capacity of 
around 5 million normal m1 h- I • CO

2 
contents of Hue gases var~ 

depending on .the type of fuel used (between 3% for a natural 
gas combined cycle to less than 15% by volume for a coal-fired 
combustion plant See Table 2.1). In principle post-combustion 
capture systeJ11s can be applied. to Hue gases produced from 
the combustion of any type of fuel. However, the impurities 
in the fuel are very important for the design and costing of 
the complete plant (Rao and Rubin. 2(02). Flue gases coming 
from coal combustion wHl contain not only CO

2
, N2, 02 and 

H
2
0. but also air pollutants such as SOx' NO., particulates, 

HCI, HF, mercury, other metals and other trace organic and 
inorganic contaminants. Figure 3.3 shows a general schematic 
of a coal-fired: power plant in which additional unit operations 
are deployed to remove the air pollutants prior to CO2 capture 
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in an absorption-based process. Although capture of CO
2 

in 
these flue gases is in principle more problematic and energy 
intensive than from other gas streams, commercial experience 
is available at a sufficiently large scale (see Section 3.3.2) to 
provide the basis for cost estimates for post-combustion CO

2 
capture systems (see Section 3.7). Also, a large R&D effort is 
being undertaken worldwide to develop more efficient and lower 
cost post-combustion systems (see Section 3.3.3), following all 
possible approaches for the CO2 separation step (using sorbents, 
membranes or cryogenics; see Section 3.1.3). 

3.3.2 Existing technologies 

There are several commercially available process technologies 
which can in principle be used for CO

2 
capture from flue gases. 

However, comparative assessment studies (Hendriks, J 994; 
Riemer and Omierod, 1995; lEA GHG. 2000b) have shown that 
absorption processes based on chemical solvents are currently 
the preferred option for post-combustion CO

2 
capture. At this 

point in time, they offer high capture efficiency and selectivity, 
and the lowest energy use and costs when compared with 
other existing post-combustion capture processes. Ab~rption 
processes have reached the commercial stage of operation for 
post-combustion CO2 capture systems, albeit not on the scale 
required for power plant flue gases. Therefore. the following 
paragraphs are devoted to a review of existing knowledge 
of the technology and the key technical and environmental 
issues relevant to the application of this currently leading 
commercial option for CO2 capture. The fundamentals of the 
CO

2 
separation step using commercial chemical absorption 

processes are discllssed first The requirements of flue gas 
pretreatment (removal of pollutants other than CO2) and the 
energy requirements for regeneration of the chemical solvent 
follow. 

3.3.2.1 Absorption processes 

Floogas 
dasu'phurlzatlon ~ ~ery Stack 

(FGD) 

Figure 3.3 Schematic of a pulverized coal-tired power plant with an amine-based CO
2 

capture system and other emission controls. 
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Absorption processes in post~combustion capture make use' of 
the reversible nature of the chemical reaction of an aqueous 
alkaline solvent, usually' an amine, with an acid or sour gas. 
The process flow diagram of a commercial absorption system is 
presented in Figure 3.4. After cooling the flue gas, it is brought 
into contact with the solvent in the absorber. A blower is 
required to overcome the pressure drop through the absorber. At 
absorber temperatures typically 'between 40/and 60°C, CO2 is 
bound by the chemical solvent in the absorber. The Hue gas then 
undergoes a water wash section to balance water in the system 
and to remove any solvent droplets or solvent vapour carried 
over, and then it leaves the absorber. It is possible to reduce 
CO

2 
concentration in the exit gas down, to very low values, as 

a result of the chemical reaction in the solvent, but lower exit 
concentrations tend to increase the height of the absorption 
vessel. The 'rich' solvent, which contains the chemically bound 
CO2 is then pumped to the top of a stripper (or regeneration 
vessel). via a heat exchanger. The regeneration of the chemical 
solvent is carried out in the stripper at elevated temperatures 
(IOOOC-14QOC) and pressures not very much higher than 
atmospheric pressure. Heat is supplied to the reboiler to 
maintain the regeneration conditions. This leads to a thermal 
energy penalty as a result of heating up the solvent, providing 
the required desorption heat for removing the chemically 
bound CO2 and for steam production which acts as a stripping 
gas. Steam is reco'vered in the condenser and fed back to the 
stripper, whereas the CO

2 
product gas leaves the stripper. The 

'h~an' solvent, containing far less CO
2 

is then pumped back to 
the absorber via the lean-rich heat exchanger and a cooler to 
bring it down to the absorber temperature level. 

Figure 3.4 also shows some additional equipment' needed 
to maintain the solution quality as a result of the formation of 

Flue 

G~'S .• QI ......•.•..• ,: ..... : .•.....• : .••. : ..•.. : .' 
F~ 
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degradation products, corrosion products and the preserice of 
particles. This is generally done using filters, carbon beds and 
a thermally operated reclaimer. Control of degradation and 
corrosion has in fact been an important aspect in the development 
of absorption processes over the past few decades. 

The key parameters determining the technical and economic 
operation of a CO2 absorption system are: 

Flue gQsjfow rate- The flue gas flow rate will determine the 
size of the absorber and the absorber represents a sizeable 
contribution to the overall cost. 
CO2 content in flue gas - Since flue gas is usually at 
atmospheric pressure, the partial pressure of CO

2 
will be 

as low as 3-15 kPa. Under these low CO
2 

partial pressure 
conditions, aqueous ainines (chemical solvents) are the most 
suitable absorption solvents (Kohl and Nielsen, 1997). 
CO] removal- In practice, typical CO2 recoveries are between 
80% and 95%. The exact recovery choice is an econpmic 
trade-off, a higher recovery will lead to a taller absorption 
column, higher energy penalties and hence increased costs. 

• Solvent flow rate - The solvent How rate will determine 
the size of most equipment apart from the absorber. For a 
given solvent, the How rate will be fixed by the previous 
parameters and also the chosen CO

2 
concentrations within 

the lean and the rich solutions. 
Energy requiremenl- The energy consumption of the process 
is the sum of the thermal energy needed to regenerate the 
solvents and the electrical energy required to operate liquid 
pumps and the flue gas blower or fan. Energy is also required 
to compress the CO2 recovered to the final pressure required 
for transport and storage. 

CondonS.r 

Figure 3.4 Process flow diagram for CO2 recovery from flue gas by chemical absorption. 
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Cooling requirement - Cooling is needed to bring the Hue 
gas and solvent temperatures down to temperature levels 
required fpr efficient absorption of CO

2
, Also, the product 

from the stripper will require cooling to recover steam from 
the stripping process. 

The purity and pressure of CO
2 

typically recovered from an 
amine-based chemical absorption process are as follows (Sander 
and Mariz, 1992): 

CO2 purity: 99.9% by volume or more (water saturated 
conditions) 

• CO2 press~re: 50 kPa (gauge) 

A further CO2 purification step makes it possible to bring the 
CO2-quality up to food-grade standard. This is required for use 
in beverages and packaging. 

Since corribustion flue gases are generally at atmospheric 
pressure and 'the CO2 is diluted, the CO

2 
partial pressure is 

very low. Also. Hue gas contains oxygen and other impurities: 
therefore an important characteristic of an absorption process is 
in the proper ¢hoice of sol vent for the given process duty. High 

. CO2 loading ~nd low heat of desorption energy are essential 
for atmospher,ic flue gas CO2 recovery. The solvents must also 
have low byproduct formation and low decomposition rates, to 
maintain solvent perfonnance and to limit the amount of waste 
materials produced. The important effect of other contaminants 
on the solvent. is discussed in Section 3.3.2.2. 

The follo~ing three absorption processes are commercially 
available for CO

2 
capture in post-combustion systems: 

• The Kerr-McGeel ABB Lummus Crest Process (Barchas and 
Davis, 1992) - This process recovers CO

2 
from coke and 

Figure 3.5 CO,:caplure plant in Malaysia using a 200 tonne d-1 

KEPCO/MHI ~hemical solvent process (Courtesy of Mitsubishi). 

"'P ..... 
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coal-fired boilers, delivering CO
2 

for soda ash and liquid 
CO2 preparations. It uses a 15-20% by weight aqueous 
MEA (Mono-Ethanolamine) solution. The largest capacity 
ex~rienced for this process is 800 tC0

2 
d-Iutilizing two 

parallel trains (Arnold et al., 1982). 
• The Fluor Daniel ® ECONAMINETM Process (Sander and 

Mariz, 1992, Chapel et al., 1999) - This process was acquired 
by Fluor Daniel Inc. from Dow Chemical Company in 1989. 
It is a MEA-based process (30% by weight aqueous soluti~n) 
with an inhibitor to resist carbon steel corrosion and is 
specifically tailored for oxygen-containing gas streams. It 
has been used in many plants worldwide recovering up to 

.320 te02 d-I in a single train for use in beverage and urea 
production. 

• The Kansai Electric Power Co., Mitsubishi Heavy 
Industries, Ltd .• KEPCOIMHI Process (Mimura el al., 1999 
and 2(03) - The process is based upon sterically-hindered 
amines and already three solvents (KS-I, KS-2 and KS-3) 
have been developed. KS-I was commercialized in a urea 
production application. In this process, low amine losses 
and low solvent degradation have been noted without the 
use of inhibitors or additives. As shown in Figure 3.5, the 
first commercial plant at 200 tC0

2 
d· 1 recovery from a flue 

gas stream has been operating in Malaysia since 1999 for 
urea production (equivalent to the emissions from a 10 MWt 
coal-fired power plant) 

The performance of the chemical solvent in the operation is 
maintained by replacement, filtering and reclaiming, which 
leads to a consumables requirement. Typical values for the 
solvent consumption are between 0.2 and 1.6 kg/tC02 .. In 
addition, chemicals are needed to reclaim the amine from 
the heat stable salt (typically 0.03-0.13 kg NaOH/tC02) and 
to remove ~ecomposition products (typically 0.03-0.06 kg 
activated carbon/tC02). The ranges are primarily dependent on 
the absorption process, with KS-l being at the low end of the 
range and ECONAMINE ™ at the high end. 

3.3.2.2. Flue gas pretreatment 
Flue gases from a combustion power plant are usually above 
100°C, which means that they need to be cooled down to the 
temperature levels required for the absorption process. This can 
be done in a cooler with direct water contact, which also acts as 
a flue gas wash with additional removal of fine particulates_ 

In addition to the above, flue gas from coal combustion will 
contain other acid gas components such as NO. and SO.' Flue 
gases from natural gas combustion will normally only contain 
NO ... These acidic gas components will. similar to CO

2
, have 

a chemical interaction with the alkaline solvent. This is not 
desirable as the irreversible nature of th~s interaction lends to 
the formation of heat stable salts and hence a loss in absorption 
capacity of ttie solvent and the risk of formation of solids in the 
solution. It also results in an extra consumption of che~icals 
to regenerate th~ solvent and the production of a waste stream 
such as sodium sulphate or sodium nitrate. Therefore, the 
pre-removal of NO. and SO,to very low values before CO

2 
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recovery becomes essential. For NO~ it is the N02 which leads 
to the fonnation of heat stable salts. Fortunately, the level of 
NO is mostly less than 10% of the overall NO content in a flue 

2 ~ 

gas (Chapel et al., 1999). 
The allowable SO content in the flue gas is primarily 

detennined by the cost of the solvent - as this is consumed 
by reaction' with SO" S02 concentrations in the flue gas are 
typically around 300-5000 ppm. Commercially' available 
S02-removal plants will remove up to 98-99%. Amines are 
relatively cheap chemiCals, but even cheap solvents like MEA 
(with a price around 1.25 US$ kg-I (Rao and Rubin, 2002) may 
require SO" concentrations of around 10 ppm, to keep solvent 
consumption (around 1.6 kg of MEA/tC02 separated) and make 
up costs at reasonable values, which often means that additional 
Hlie gas desulphurization is needed. The optimal S02 content, 

'before the CO2 absorption process is a cost trade-off between 
CO2-solvent consumption ~nd S02-removal costs. For the 
Kerr-Mcgee/ABB Lummus Crest Technology, S02-removal is 
typically not justified for S02 levels below 50 ppm (Barchas 
and Davis, 1992). For the Fluor Daniel Econamine FG process a 
maximum of lO'ppm S02 content is generally set as the feed 
gas specification (Sander and Mariz, '1992). This can be met 
by using alkaline salt solutions in a spray scrubber (Chapel et 
al., 1999). A S02 scrubber might also double as a direct contact 
cooler to cool down the Hue gas. 

Careful attention must also be paid to fly ash and soot present 
in the flue gas, as they might plug the absorber if contaminants 
levels are too high. Often the requirements of other flue gas 
treatment are such that precautions 'have already been taken. 
In the case of CO, recovery from a coal-fired boiler Hue gas, 
the plant typically- has to be equipped with a DeNOx unit, an 
electrostatic precipitator or a bag house filter and a DeSO or 
Hue gas desulphurizc1tion unit as part' of the environme~tal 
protection of the power plant facilities. In some cases, these 
environmental protection facilities are not enough to carry out 
deep SO. removal up to the 1-2 ppm level sometimes needed 
to minimize solvent consumption and .its reclamation from 
sticking of solvent wastes on reclaimer tu~e surfaces. 

J3.2.3 Power generation efficiency penalty in CO2 capture 
A key feature of post-combustion CO2 capture processes based 
on absorption is the high energy require~ent and the resulting 
efficiency penalty on po\ver cycles. This is primarily due to the 

, heat necessary to regenerate the solvent, steam use for stripping 
and to a lesser extent the electricity required for liquid pumping, 
the flue gas fan and finally compression of the CO

2 
product. 

Later in this chapter, Sections 3.6 and 3.7 present summaries of 
CO2 capture energy requirements for a variety of power systems 
and discuss the environmental and economic implications of 
these energy demands. 

In principle, the thermal energy for the regeneration process 
can be supplied by 'an auxiliary boiler in a retrofit situation. 
Most studies, however, focus on an overall process in which 
the' absorption process is integrated into the power plant. The 

'heat requirement is at such levels that low-pressure steam, 
for example condensing at 0.3 MPa(g), can be used in the 
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reboiler. The steam required for the regeneration process is then 
extracted from the steam cycle in the power plant. For a coal
fired power station; low-pressure steam will be extracted prior 
to the last expansion stage of the steam turbine. For a natural 
gas fired combined CYCle, low-pressure steam will be extracted 
from the last stage in the heat recovery steam generator. Some 
of this heat can be recovered by preheating the boiler feed 
water (Hendriks, 1994). Values for the heat requirement for the 
leading absorption technologies are between 2.7 and 3.3 GJI 
tC02, depending on the solvent process. Typical values for the 
electricity requirement are between 0.06 and 0.11 GJ/te02 for 
post-combustion capture in coal- fired power plants and 0.21 
and 0.33 GJ/tC02 for post-combustion capture in natural gas 
fired combined cycles. Compression of the CO2 to 110 bar will 
require around 0.4 OJ/tC02 (lEA GHG, 2004). 

Integration of the absorption process with an existing power 
plant will require modifications ofthe low-pressure part of the 
steam cycle, as a sizeable fraction of the steam will be extracted 
and hence will not be available to produce power (Nsakala et 
al., 2001, Mimura et al.,1995, Mimura et al., 1997). To limit 
the required modifications, small back-pressure steam turbines 
using medium pressure steam to drive the flue gas fan and boiler 
feed water pumps can be used. The steam is then condensed in 
the reboiler (Mimura et aI., 1999). Furthermore, in power plants 
based on steam cycles more than 50% thermal energy in the 
steam cycle is disposed off in the steam condenser. If the steam 
cycle system and CO2 recovery can be integrated, part of the 
waste heat disposed by the steam condenser can be utilized for 
regeneration of the chemiCal solvent. 

The reduction of the energy penalty is. nevertheless, closely 
linked to the chosen solvent system. The lEA Greenhouse 
Programme (lEA GHG) has calTied out performance assessments 
of power plants with post-combustion capture of CO

2
, taking 

into consideration the most . recent improvements in post
combustion CO

2 
capture processes identified by technology 

licensors (lEA GHG, 2(04). In this study, Mitsui Babcock 
Energy Ltd. and Alstom provided information on the use of a 
high efficiency, ultra-supercritical steam cycle (29 MPa, 600°C, 
620°C reheat) boiler and steam turbine for a coal-fired power 
plant, while for the NGCC case, a combined cycle using a 
GE 9FA gas turbine was adopted. Fluor provided information 
on the Fluor Econamine + process based on MEA, and MHI 
provided infonnation on KEPCOIMHI process based on the 
KS-l solvent for CO2 capture.CO·2 leaving these systems were 
compressed to a pressure of 11 MPa. The overall net power 
plant efficiencies with and without CO

2 
capture are shown in 

Figure 3.6, while Figure 3.7 shows the efficiency penalty for 
CO2 capture. Overall. results from this study show that the 
efficiency penalty for post-combustion capture in coal and gas 
fired plant is lower for KEPCO/MHI 's CO

2 
absorption process. 

For the purpose of comparison, the performance of power plants 
with pre-combustion and oxy-fuel capture, based on the same 
standard set of plant design criteria are also shown in Figures 
3.6 and 3.7. 
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Figure 3.6 Thermal efficiencies of power plants with and without CO2 capture, % LHV-basis (Source data: Davison 2005. lEA GHG 2004, lEA 
GHG 2003; lEA GHG. 2000b; Dillon el al., 2005). 
a. The efficiencies are based on a standard set of plant design'criteria (lEA GHG. 2004). 
b. The coal steam cycle plants, including the post-combustion capture and oxy-fuel plants, are based on ultra-supercritical steam (29MPa, 600C 

superheat. ~2OC reheat). The IGCe and naturnl gas pre- and post-combustion capture plants are based on GE 9FA gas turbine combined 
cycles. The ,natural gas oxy-fuel plant is based on a CO2 recycle gas turbine. as shown in Figure 3.10. with different operating pressures and 
temperatures but similar mechanical design criteria to that of the. 9FA. 

c. Data are presented for two types of post-combustion capture solvent: MEA (Fluor plant designs) and KS-l (MHI plant designs). The solvent 
desorption heat consumptions are 3.2 and 2.7 MJlkgC02 captured respectively for the coal plants and 3.7 and 2.7 MJ kg-I for the natural gas 
plants. I 

d. Data are presented for IGCC plants based on two types of gasifier: the Shell dry feed/heat recovery boiler type and the GE (formerly Texaco) 
slurry feed water quench type. 

e. The natural gas pre-combustion capture plant is based on partial oxidation using oxygen.' 
f. The oxy-fuel plants include cryogenic removal of some of the impurities from the CO2 during compression. Electricity consumption for 

oxygen pro<;luction by cryogenic distillation of air is 200 kWh/t02 at atmospheric pressure for the coal plant and 320 kWh/ t02 at 40 bar for 
the natural gas plant. Oxygen production in the IGCC and natural gas pre-combustion capture plants is partially integrated with the gas turbine 
compressor,' so comparable data cannot be provided for these plants. . 

g. The percentage CO, capture is 85-90% for all plants except the natural gas oxy-fuel plant which has an inherently higher percentage capture 
of97%. . 

3.3.2.4 Effluents 
As a result of decomposition of amines, effluents will be 
created, particularly ammonia and heat-stable salts. Rao and 
Rubin (2002) have estimated these emissions for an MEA-based 
process based ion limited data. In such processes. heat stable 
salts (solvent decomposition products, corrosion products etc.) 
are removed from the solution in a reclaimer and a waste stream 
is created and is disposed of using normal HSE (Health, Safety 
and Environmental) practices. In some cases, these reclaimer 
bottoms may ibe classified as a hazardous waste, requiring 
special handling (Rao and Rubin. 2002). Also a particle filter and 
carbon filter is ~onnally installed in the solvent circuit to remove 
byproducts. Finally. some solvent material will be lost to the 
en'vironment through evaporation and carryover in the absorber, 
which is accounted for in the solvent consumption. It is expected 
that acid gases other than CO

2
, which are.still present in the flue 

gas (SO. and N0
2

) will also be absorbed in the solution. This 
will lower the : concentration of these components further and 
even the net emissions in some cases depending on the amount 
of additional energy use for CO

2 
capture (see Tables 3.4 and 3.5). 

As S02-removal prior to CO2-removal is very likely in coal-fired 
plants. this will lead to the production of a waste or byproduct 
stream containing gypsum and water from the FGD unit. 

3.3.3 Emerging technologies 

3.3.3.1 Other absorption process 
Various novel solvents are being investigated, with the object 
of achieving a reduced energy consumption for solvent 
regeneration (Chakma, 1995; Chakma and Tontiwachwuthikul. 
1999; Mimura el al., 1999; Zh'eng el al., 2003; Cullinane and 

Rochelle, 2003; Leites, 1998; Erga et al., 1995; Aresta and 
Dibenedetto, 2003; Bai and Yeh, 1997). . 

Besides novel solvents. novel process designs are also 
currently becoming available (Leites el al. 2003). Research is 
also being carried out to improve upon the existing practices 
and packing types (Aroonwilas et al., 2003). Another area of 
research is to increase the concentration levels of aqueous MEA 
solution used in absorption systems as this tends to reduce the 
size of equipment used in capture plants (Aboudheir el al., 
2003). Methods to prevent oxidative degradation of MEA 
by de-oxygenation of the solvent solutions are also being 
investigated (Chakravarti el'al., 2001). In addition to this, the 
catalytic removal of oxygen in flue gases from coal firing has 
been suggested (Nsakala el al., 200 I) to enable operation with 
promising solvents sensitive to oxygen. 
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Figure 3.7 Percentage increase in fuel use per kWh of electricity due to C(\ capture. compared to th(: ~amc plant without capture (Source data: 
Davison, 2005; lEA GBG. 2004; lEAGHG. 2003; lEA GHG, 200Gb; Dillon et tIL 2(05). 
u. The increase in l'ud required to produce a kWh of electricity is calculated by comparing the same type of plnntwithand with()llt capture. The 

increuscin fuel consumption depends on the type of baseline plant \vithoutcapture. ForeX:ample;th~ increase in energy consUl'nptioll for a G12 
IGCe plant with capture compared to a coai stc<lmcyde baseline plant without capture would be 40% asopposoo to. the lower valucsho\vn 
in the figtlre that was cah.:uh\t~d relative to the smllC typ~ of basclineplarit without <.~apture, 

b: the direct energy consumptions for CO] sepMation are IOW(,f for pre-conibustibn capture than for post··combustion capture, becauseC0,i is 
ren\(jved from a mqre concentrated, higher pressure gas, so a physical. rathcrihan u che,mical solvenLcan be used. 

c. The 'Puelgas processing and rclMcd impuc;ts' category f'l')r IGee includes shift conversion of the fuel gas and the effcG1S OIl thegasturbine 

combined cycle of rem()\:al of eo~ from the fuel gas and \lscof hydi'ogen as a fuel instead ofsyngns. For natural gas pre~cornbustion papturc 
this category also include.s partinl oxiuntion/stcamreformingofthe nnWral gas. 

d. The energy consuniption for CO:: compression is lower in pre-C()mbustion capture thunin post-combllsti<)1l capture bccaus(~ some ofth~ COl 
leaves the separation unif at elevated pressure. 

c; The encl'gyconsumptioo for COl. compression in the oxy"fl.icl processes depends on the composition of the extracted product, namely 75% 
byvohullCin the cixll .. firedplant and 9J%by V()\Ull1C ill {he gas fired' plHut. Impurities im.' cryogellically removed from the COl during 
cdmpressioil, to give a final CO! purity of 96%- byvolume. The energy consumption oCthe cryogenic COl separation linitis lncitlded in the 
CO,compression power consumption. 

£. ']'he" 'Oxygen production and power pbnr impacts' category for oxy·fucl procc!;se~ includes Ihe powcrcolIslIrnption for oxyge~ production 
and the impacts of COl capture on the rest ofthe power plant.lhm is excluding CO2 compression ilnd purification. In the coal-fired Dxy-fuel 
plant, the efficiency of the reSl of the power plant increases slightly, for example due to the absence ofa nUl' gas dcsulphurization (FGD) 
unit. The efikiency of the rest of the gas fired oxy-fuc! plant dccreaiies because of the chungc of working thlid in the power cycle frolll <llno 
rccycled fluc gas. 

3.3.3.2 Adsol]J1ioll process 
In the adsorption process for flue gas CO

2 
recovery, molecular 

sievesdrilctivated carbons are used in adsorbing COo. Desorbing 
C()~iSlhend()ne by the pressure SWing operati<:)n (PSA) or 
te:tn'"perature s\ving operation (TSA). Most applications are 
assocl1Hed \\lith presstlres\ving adsorption (Ishibashi £If al., 1999 
and Yok6yama,2(03). Much less attention has been focused 
on CO~ removal via temperature swing' adsorption, as this 
techniq~e is'less attractive compared to PSA due to the longer 
cycle tinies needed to heat up the bed of solid pUl'ticies during 
sOl"bent regenerati(;n. For bulk separ~ltions atlarge'scales, itis 
also essential to limit the length ()f the unused bed and therefore 
opt for faster cycle times. . ' 

Adsorption pnkcsses have been employed for CO2 removal 
from synthesis gas for hydrogen production (see Section 

'3.5,2,9). It has not yet i'ca(:hcd a commercial stage ftJr CO, 
recovery from fhie gases. The following main R&D activitic~ 
have been conducted: 

Study of CO
2 

removal from Hue gas of a IhermaJ power 
phintby physical adsorption (Ishibashi et a/.. 1999); 

• 

Study of CO
2 

reInO\ial from Iluc gas of a thermal power 
plant by a c9mbined system with pressure swing adsorption 
and a super cold separatol' (Takamura eJ al .• 1999); 
Pilot tests on the recovery of CO

2 
frorhl a coal and oil fired 

power' plant. using pressure temperature swingadsorpticm 
. (PTSA) and an X~type zeolite as an adsorbertt(Yokoyorha. 
2003). 

Pilot tl!St results of coal~fhed flucgrls CO2 recoverybyudsollJtion 
processes show that the energy consumption for capture 
(blowers and vacuum pumps) has improved from the original 
708 kWh/tC02 to 560 kWh/tCO;:. An energy consllinption of 
560 kWh/tCO~ is equivalennoa loss corresponding to 21 % of 
the energy output of the power plant, Recovered. CO2 purity is 

, about 99:0% by volume using two stages of a PSA and PTSA 
systCtTl (Ishibashi el at;, 1999). 

It can be concluded that based on matherrtatical models and 
data from pilot-scale experimental installations, the design of 
a fl!J1~scale industrial ndsotption process might be feasible. A 
serious drawback of al! adsorptive methods, is the necessity t<) 
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treat the g""J.seous feed before CO~ separation in an adsorber: 
Operati<)O at high temperature \vlthother sorbents (see Section 
3.3.3.4) cail circumvent this requireme!1t(Sircar and Golden, 
200 I). In many cases gases have to be also cooled and dried, 
which limits. the attractiveness. ofPSA;.TSA or ESA (electric 
swing adsorption)vis:-a"vis capture by chemical absorption 
described in,previdtI$~t!ctions. The devel()pment of a new 
generation o~ materials that would efficiently adsorb CO, 
will undoubt<;dly enhanc~, the competitiveness of adsorptiv~ 
separatioliin b flue gas application. 

333.3 }t'lembrailes 
Mernbraneprpcesscs are usedcomrnerciaHy for CO, removal 
from natuftilgas uthigh pressllre and at·high CO) cQocenh'<ltion 
(see Sectiot) 3.2.2). In Oueguses, the low CO}pmtial pressure 
differenCe'pH)vides a low. driving force for gas separation. 
The. removal pf qrbon dioxide using commercially available 
polymeric gU$ s¢parati()nmenJbranes results in bigherenergy 
penalties on the pnwergencration efticiencycompared to a 
standard cheniical absorption process (Herzog et.al.,1991, Van 
del' Sluijs el ql., 1992 and Fenm, J994). Als(J, lhemaximum 
percentage of .. CQ,retnoved is lower than for a st.andard 
chemi(:al absdrptiortprotesses. Improvements can be made if 
more selective membranes become available, such as facilitated 
membrnnes, described pelo\v, 

The membbll1C opti()[l currently receiving the most,ltterHi6n 
isa hybrid rnembraQe 7'" <}.bsol'bellt (t)r solvent) system. These 
systems arc i:>eingdevcloped for flue gas CO;! recovery. 
Membrane!solyentsystemsemploy membranes .to provide 
a very high surface area to .volume rMio for mass exchange 
betweellll gas stream and a solvent resulting in a vcry compact 
system. Thisrcsults .in a membrane contactor system in which 
the membrane: fonrlS a Qas permeable bUlTierbetween a liquid 
and a g;u;eous !phase. In'-'general, the rnembrane is ilOtinvolved 
in the sepanitiol1 process. In the case of porous. membnlnes, 
gaseous cornpcments diffuse thi'ough the pores and are absorbed 
by theiiquid; in cases of non-porous membranes they dissolve in 
the mClnbrane, and diffuse through the membrany. The contact 
surface ,m;~a between gas and liquid ph~lse is I1Hlin minc<1by the 
membralle an~ is independent of the g,is and liquid How rate. 
The selectivIty of the p311.itiol1 is primarily detet'rnined by the 
absor~nt (solyeilt). Absorption in the Jiquidphase isdeter:mined 
either by physical partition or by a chemical reaction, 

The advantages of membrane/sol vent syste illS (lre avoid~\I1t:e 
of open\tional probletns occurring in conventional solvent 
absorption systems (see Section 3.3.2.1) where gas and liquid 
Howsare In 'direct COlHact Operational pr~)blems av()idt.~d 
include foamihg, flooding entrainment and channelling, and 
result in the f~ce choice of the gas and liquid /low riltes and 
a fix.ed illtcrhtce for masslransferin the membrane/solvent 
system. Furthtfrmore, the use of compact membranes result 
in smaller equipmcnt.si1.es .withcapital cost reductions, The 
choice' of a s~itable> combination of solvent and membrane 
material is very important, The materialchanwleristics should 
be sLlch that the transfer of s()l~ent through the membrane is 
avoided at Qperuting pressure gradients of typically 50 .. 100 kPa, 
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while the· transfer of gilS is not hindeI'ed. The overall process 
configuration in terrns of unit operations w()uldbc very similar 
to a conventional chemical absorption/desorption pro(~ess (see 
Figure 3.4). Membrane/solvent systems can be both used in the 
absorption as well as in the desorption step, Feron and Jansen 
(2002}and Falk-Pedersenelali (l999)give examples of suitable 

,membrullc/solvent systems. 
Research and development efforts have also been repoited 

in .the arcri of facilitated transpolt nlcrnbranes, Facilitated 
tl:<lnsport membranes rely 011 the fonmltion of complexes 
or reversible chemical reactionsofcomponenrs present in a 
gasstreall1 with GompcHlnds present in the melnbranc. These 
complexes or reaction products are then transported through the 
membrane. Although solution and diffusion still playa l'oie in 
the transport mechanislll, the essential element is the specific 
chemical interaction of a gas compQnent· with a compo(md in 
the membrane, the so-called carrier. Likcother pressure driven 
membraIle processes, the driving force for the separati()f} 
COlnes from a difference in pUltial pressui'e of the component 
to be transported, An important .c1assof facilitated transpc}J1 
membranes is the so-called supported liquid ITle;mbranein which 
the carrier is dissolved into a liquid contained in Ii membfane, 
For CO2 separations..carblmates; amines and rnolten Sltlt 
hydrates have been suggested as dlrriers (Feron, 1992). Porous 
membranes and ion-exchange mernbranes have been employed 
as the SUpp0l1, Until now, suppOl'ted liquid membranes have 
only been studied ana laboratory' sc,lIe.Practical problems 
associated with supported liquid membranes are membrane 
stability and liquid volatjlity. FUJ1hennore, the selectivity for a 
gas 'de(TeaSeS with increasing partial pressure on the feed ;:;idc. 
This iSH result of satllration of the carrier in the liquid. A Iso. as 
the totul feed pressure is increased, the permeation of unwanted 
components is increased. This also results ina decrease in 
selectivity. Finally, selectivity is also reduced by a reduction in 
membrane thickness. Recent development work has focused pn 

rile following technological options that are applkable to roth 
CO/Nz and CO/Hz sepilratioTls: 
• Amine-containing membranes (TerumoW eral., 1996); 

Membranes containingpotassiutn carb(mate polymer gel 
membranes (Obbenal., 2003); 
Membranes containing pOla.ssium carbonate-glycerol 
(Chen. et al., 1999); 
Dendrimer-containing menlbl'anes . 
(Kovvali and Sirkar, 2001), 
Poly-electrolyte membranes (Quinn and Laciak, 1997); 

Facilitated transport mernbrancsand other membranes can 
also be used in a preconcentn.ltiol1 step prior to the liquefaction 
of COi (Mann et al,. 2003). 

3.3.3>4 Solid sorbenls 
There are posh·combustion syStems being proposed that make 
use of regenerable solid sorbents t9 remove CO2 at relatively 
high temperatures. The use of high temperatures in the CO, 
separation step has the potential to reduce eftki(mcy penalties 
with respect to wet ... absorption. methods. IiI principle, they ~ill 
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follow the schel'he shown in Figure 3.2a, where the combustion 
flue gas is put in contact with the sorbent in a suitable reactor to 
allow the gas*solid reactiollofC01 with thesorbcnt {usually the 
('arbonation of a metal oxide)~ The solid can be easily separatt:d 
from the gas streanl and sent for regeneration in a different 
reactor. Instead of moving the solids. the react())' can also be 
switched between SOl1)tion and regeneration modes of operation 
ina batch· wise, cyclic operation. One key component for the 
development of these systems is obviously the sOi'bentitself. 
that h<}sto huvegoodCn,absorption capacity and chemical and 
mechanical stability for long periods of operation in repeated 
cycles. In general, sorbent pelformance ;ind cost are critical 
issues in allpost~combustion systems, and more elabOflltt! 
sOl'bent materials are usually more expcnsivcand will have to 
demonstrate outstanding perfotmance compared with existing 
commercial alternatives SllCh as those described in 3.3.2. 

So(i<isorbentsbeing fnvestigated for large-scale CO2 capture 
purposes are sodium and potassium oxides and carbon utes (to 
produce bicarbonate), usually supported ona ,,>olid s\lbstrate 
(Hoffman eta!., 2002; Green et al .. 2002). Also, high temperature 
Li~bused andCaO-basedsorbents are suitable c~lndidates. The 
useoflithiulTl-contaii1ing compounds (lithium. lithhim~zirconia 
andlithium-silicu oxides) ina carbonation-calcination cycle, 
\V~tS first iMesligalcd in Japan (Nakag(lw~Hmd Ohaslli, 1998). 
Thei~portedperfonnance of these sorbents is very good, with 
very high reaCtivity ina wide range of temperatures below 
700°Cirapid regeneration at higher temperatures and dumbility 
inrepeatedcapture~re,generatjon cycles.' This is essential 
because lithium is anintrinsicallyexpensi ve, material. 

The use of CaO as a regenerable CO" sorbent ·has been 
proposed in several processes dating back -to the 19th century. 
The Mrbonation reaction oreao to separate CO

2 
from hot gases 

(T >600"C) is very fast and the regeneration of the sorbent 
bycalCil1ing the cneo\ into CaO and pure en, is favoured 
~it T > 900';'C (at a partial pressure of CO~ of 0.-1 MPa). The 
'basic separation principle llsing this carbonation-calcination 
cycle was successfully tested in a pilot plant (40 tonne (i-I) for 
the devcloprilcnt of the Acceptor Coal Gasification Process 
(Currall et al., 1(67) using twointcrconnecrcd Iluidizcd beds. 
The use of the above cycle fora post-combustion system 
... vas first proposed by Shimizu el al. (1999) and involved the 
regeneration of the sorbent in a fiuidized bcd~ firing p~lrt of 
the fuel with a/co, mixtures (see also Section 3.4.2). The 
effective capture of CO~ byCaO has been demonstrated in 
a small pilot fluidized bed (;\banades ef a/', 2004a). Other 
combustion cycles incorporating capture of CO, with CaO 
that rnighti10t need 0 1 are being developed. including one that 
works at high pressures with simultaneous capture of CO;! and 
SO, (Wang el al .. 20(4). One weak point in all these processes 
is that natural sorbents (limestones and dolomites) deactivate 
rapidly, and a large make-lip flow of sorbent (of the order of 
the mUi;sf1ow of fuel entering the planO is required to maintain 
the activity in the capture-regeneration loop (Abanades el al., 
2004b). Althollghthc deactivated sorbent may find application 
in the cement industry t'llld the sorbent cost is low; a range of 
methods to enhance the activity of Ca·· based CO2 sorbcnts are 
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being pursued by several gttlUpS around the. worid. 

3.3.4 Status and outlook 

Vil1uully all the energy we use today fromcarbon~cohtaining 
fuels is obtained by directly burning fuels in air. This is despite 
many decades of exploring promisin~ and rrime efficient 
;:ilternative eilergy conversion cycles that rely on other fuel 
processing steps prior to fuel combustion or avoiding direct 
fuel combustion (see pre-compustion mlpture -. Section 3.5). In 
pa.rticular. combustion-based systems are stilI the competitive 
choice for operators aiming at larg~"'scale.prodllc.tion of 
electricity a11d heat from fossil fuels, even under more demanding 
envii'onmental regulations, because these processes are reliable 
[Indwell proven in delivering· electricity and heat at prices that 
often set 11 benchmark for these services. In addition, there is 
a continued· effort to raise lheencrgy conversion Cfficiencics 
of these systems through advanced materials and component 
development This wiUallow these systems to operate at highcl' 
temperature and higher efficiency, 

As\vas 110ted in Section 3.1, the main systems of reference 
for posH:ombusti()n captuteare the present instaHedcapachy 
of coal and natum) gas power. plants; with a toUt]()f 970 OW 
subc;ritiCal steam undl55 OWe ofsupercritictli/ultra,,;supc"critical 
stca1l1~bascd pulverized coal Hred plnnt~. 339 GW~ of natural 
gas combined cycle, 333 OW:. natural gassteam~elebtl'ic power 
plants and 17 OWe of coal-fired, Circulating. fluidized,-bed 
combustion (CFBC) PQ\yer piants:An additional Cilptlcity of 
454 GW~ ofejil:..based power plant, with a signil1cant proportion 
of these operating in an air;..firing mode is also noted. (lEA 
WEO, 2004 and lEA cce, 2(05). CUrrent projections indidlte 
thaI the generation efficiency of commercial, pulverized coal 
fired power plants btlsedon lIltra-sllpercritical steam cycles 
would exceed 50% lower heating value (LHV) over the next 
decade (lEA, 20(4), which will he higher (han efficiencies 
of bet\veen 36 and 45£Jh reported for <;urrent subcritital and 
si.1percriticuI steam-based plants without capture (see Section 
3.7), Similarly. natural gas fired combined cycles are expected 
to havceff1cicncks of 650/'0 by 2020 (lEA GHG, 2002b) and up 
from current efficiencies between 55 and 58.% (see Section 3;7). 
In a future carbon-constrained world,theseindependent and 
ongoing devel()pmehts in power cycle efficiencies wiHresult 
in lowerC01 '"'emissionsperkWh produced and hence al6\ver 
loss in overa-:-ncycle efficiency when post-Gombustiollcapture 
is applied. 

There are proven post-combustl<m C(\ capture techliologies 
based em absorptiOil processes thahire commercially available 
at present. They produce CO;> from flue gases in coal and gas
tired installations for foodlbc\it'ragc applications and chemicals 
production incapacity ranges between6 and 800 tCn~ d'i. They 
require scale up lei 2();..50 times that of current unit capaciJies 
for deployment in large~sc~lle power plants in rhe 500 MWe 
capacity range (see Section 3.32). The inherent Iinlitations 
of currently· available absorption technologies when applied 
to post-combustion capture systeri1s are well known and the!)' 
impact on systelRcost can he estimatedrelatively (\ccurately for 
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a: given application (~ee Section 3,7), Hence, with the dominant 
role played b{air~blown energy conversion processes iil the 
global energy infra.structure,theavaJlability of post~combustion 
capture sy sterns is important if C(\, Cl'lpture and storage becomes 
a viable clima~e change mitigation strategy. 

The intense development efforts on novel solvems for 
impl'Oved pe~(}rmailce.al1(j reduced energy consumption 
during regeneration, as well as process designs incorporating 
neVl contacting devicf!s such 3S hybrid membn\Oe~absorbem 
systems, solid' ad$orbentsand high temperature reg~nerable 
sorbents; ,may, lend~o the lise. of more energy cffident post
combustion caplUre~ystems •. JJowever, all these novel concepts 
still need t.o prpye theirJower costs andreliability of operation 
on a commercJalscale, The sameconsidcnllions also apply to 
otheradvanGc(jCO, cnptl,lre.coI1ceptswith oxy-fuel.combustion 
or pre-combusiicm ~aptm:e reviewed in the foilowingseclions of 
this chapter. It is generally flptyet clear which of these emerging 
technologies, if'lny, will succeed as the dominant commercial 
technologyfor energy systems. incorporatjng CO2 capture. 

3.4 Oxy-fuel, combustion capture systems 

304.1 Introduction 

The oxy-fuelcombustiofl process eliminatesnitrogenfrcHTl the 
flue gas by com busting ahydroclirbon or carbqnaceous fuel in 
either pure oxygen or a mixture of pure oxygen and a C0:t~ 
rich recycled iInt; gas (carbonaceous fuels illclud(!biomass). 
Combustion of' a fliel with pure .oxygen has. a combustion 
temperature of: abmH 3500°C which is far too high for typical 
power plant materials. The combustion tempeniture is limitecl 
to about. 1300~14()O'T in a typical gas turbine cycle and to 
about J 900Q Cin an oxy .. fuel coal-fired boiler .. using curren \ 
techn()logy. Ttle combustion temperature is controlled by the 
proportion of :fluc gas and gascolls or liquid-water recycled 
back to the cOrllbustion chamber. 

The combustion products (or nue gas) consist mainly of 
carbon dioxide. and water vapour together with excess oxygen 
required t6 ens~re complete combustion of the fuel, It will also 
contain any other components in the fuel, any diluents in the 
oxygen stream supplied. ~my inerts in the fuel and from air 
leakage into the system fnlIT}' the atrnospherc. The net tlue gas, 
attcr cooling to condense water vapour, contains from about 
80-98% CO, depending on the fuel used and the particular 
oxy-fuel cOI~lbustion process. This concentrated Co~ stream 
can be comprcf\sed, dried and further puritjcd before· delivery 
into a pipeline'for storage (see Chapter 4), The CO, capture 
efficicncy is vc~y clo~e to 100% in oxy-fuel combustio;H'aplllte 
systems.lmpul'·,ities in the CO2 are gas c{)inponents such as SO" 
NO" He! and. Hg;derived fmm the fuel used, and the inert 
gas component's, such as nitrogen, argon andoxygcn. derived 
from the oxygen feed ()l~ air leakage into the system. The COo 
is transpolted by pipeline .asa dense supercritical phase. Inert 
gases must be .reduced to.a low concentration to avoid two~ 
ph~se .t1ow conditions developing in the pipeline systems. 
The acid gas components may need to be removed to comply 
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with legislation covering co-disposal of toxic or hazardolls 
wast~ or to .. avoid operations or environmental problems with 
disposal in deep saline reservoirs, hydrocarbon formations or 
in the ocean, The carbon dioxide must also be dried to prevent 
water condensation and corrosion in pipeUnes and allow' use of 
conventional carbon~steel trmterials. 

Although elements of Q,\~y-fuel combustion teChnologies 
are in use in the aluminium,iron nnd steel and glass n'lelting 
industries tOday, oxy-fuel. technologies for Co~ capture have 
yet \0 be deploycd on a c~()mmcrcial scale. Thc;cfore, the first 
dnssitkation between existing le('hrw/ogies andemetgil1g 
technologies adopted in post~combustion (Section 3.::})nnd 
pre-coinbllstion(Sectioll 3.5)is. not fol)()wed in this section. 
However, it is important to emphasize that the key separation 
step in most oxy-fuel capture systems (Ol from air) is an 
<existing technology' (see .section 3.4.5),Current methods 
of (\xygen production by aifseparation comprise cl'yogenic 
distillation, adsorption using Tl1ulri-bed presslIre.swing units und 
polymeric membranes, For oxy-fuel conversions requiring Jess 
than 200 tt\d". the a(isOlvtiof) system will be economic. For 
an the larger applications, which include power station boilets, 
(Tyogenic air separation is the economic solO!km (Wilkinson e/ 
ai" 2003a), 

In the following sCGtions we present the main ()Xy-fuel 
('ombustion systems ('lassHkd according to h()\V the heat of 
combustion is supplied and whether the Hue gas is lIsed as a 
working. tluid (Sections 3,42, '3A}, JAA). A hricfovervic\v 
of 0, production methodS h:.~leval1t for these systems is given 
(Section 3.45). In Section 3.4,6. tile eIllerging tedHlology 
of chemiCal looping combustion is presented, in which pure 
oxygen is supplied by a metal oxide rather than an oxygen 
production process; The section on oxy-fuel systenls closes with 
an overview of the statusQf the technology (Se.ction 3;4. 7), 

3.4.2. OxY~Jllel indirect healing ·stetllil cycle 

In these systems, the oxy-fuel combustion chambei' provides 
heal toa sepamte n uid by heat transfer through a surface. I t can 
be used for ~~ither process heating, or ill a boiler with H. steam 
cycle for power generation. The indirect system can be used 
with any hydrocarbon or carbon-Containing fuel. 

The applicmiqll of oxy~fuel indirect heatiilg for CO, 
capture. in ptocess heating and power generation has bee~ 
examined in both pilot-scalf! trials evalu(lting the cmnbustion 
of(~arbonaceolJs fuels in oxygen and CO,-rich rc(ycled Hucgas 
mixtures and engineering assessments of plantconversioI1s as 
described be low. 

3.4.2.1 Oxy~fud combustion trials 
Work to demonstrate the applicc\(ion of oxy-fuel recycle 
cornbusriol1in process heating and for steam generation for use 
in steam power cycle~ have been mostly i.l~dertakell in pilot 
scale tests thnthave 160ked at the cornbustion, heat transfer and 
pollutant-forming belU1ViollJ" of natural gas and (oal. 

One studycHrrled out (Babco(k Energy Ltd. (~t al.. 1995) 
included an oxy-fuel test with thle gas recycle llsing a 160kW, 
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puiverized coal) low NO, burner; The systeTn induded a 
-,' heat-transfer test section to simulate fouling conditions. Test 
conditions included variation in recycle flow and excess (\ 
levels, Measurements included all gas compositions,ash analysis 
311dtubefollIillg aftera 5-week test run.Theworkalsoincluded 
a case study on oxy-fuel operation of a 660 MW power b()iler 
with CO, capture, compression and puri ficatio[}. The nluin test 
results ~'ere that NO, levels reduced with increase in recycle 
rate, while SO: and carbon in ash levels were insensitive to the 

. recycle rate. Fouling in the cOiwective test section was greater 
\ with OXy-fllel- firing than with air, High-shlgging UK coal had 

\\'orse slag~ing when using oxy-fllel firing, the higher eXCess 02 
levcllowei'ed carbon il1 ash and CO concentration. 

For the combustion of pulverized coal. other pilot-scale tests 
byCr6isct andThambimuthu(2000) hav~ reported that theJlame 
temperanite and heat capacity of gases lomatch fuel burning in 
air ()ccurs when the. feed gas used inoxy-fuel combustion has 

acorn.position of approxirhately 35% by volume O~ and 65% 
bv volurheof dry recycled CO, (c-f. 21% by volume 0, and 
the rest nitrogen in air). In practice, the presence of inerts· such 
as ash and illorgank components in the coal, the specilk fuel 
comp()sition and moisturcin the recycled gas stream and the 
coal feed wiH result in minor adjustments to this feed mixture 
ctjrnpositionto keep the flame temperature. at a vallie similar to 
fueicol1"ltit.lstion in air. 

Atcbnditions thftt rnatch O)CO, recycle combustion to fuel 
burning in ail', coal burning is ;-epo;ted to be complete (Croiset 
and" Thamhimuthu. 2000), \vith operation of the process in 
excess O~lcvl~ls in the Hue gas as low as 1-3% by vol"tnne 0" 
prodncingaHne gas stream of,: 95-98-% by vO!U1nedry CO, (th'e 
rest hei11g excess 01' N(\. S(\ and argon) when a very -high 
purity OJ stream is used in the combustion protesS with zero 
leakage of ambient air into the system. No differences were 
detected in the IIy ash formation behaviour in the combustor or 
SO;! emissions compared tocolivtmtiollfll air tiring conditions. 
Fpr NO on the other hand, emissions were lower due to z,ero 
tfieI'rrial~NO, formation from the absence of nitrogen in the 
feed gas..; with the partial recycling of NO ~ also reducing the 
formation and nct emissic)ns originating from the fuel bound 
niti"ogen. Other studies have demoiistrated that the level of NO :( 
reduction is as high as 75 1;10 compared to coal burningil1 air 
(Chatel-Pelage eta!.. 2003). Similardata for natural gas bunting 
in O/C0

2 
recycle mixtures report zero thermal NO~ emission& 

in the absence of air leakage . into the boiler, with trace amounts 
produced as thermal NO, when residual nitrogen is present in 
the natural gas feed (Tan el ai., 20(2). 

The above and other findings show that with the application 
of oxy-fuel comhustion in modified utility boilers, Ihe Ilitrogcn
free combustion process would benefit from higher heal transfer 
rates (McDonald and Palkes, 1(99), and if also constructed 
with higher temperature tolerant materials, l:1l'e able to operate 
at higher oxygen concentration and l(m:~er nue gas recycle nows 
- hoth of which will considerably reduce overall volume flows 
and size of the boiler, 

II should be noled that even when deploying a 2/3 nue gas 
'recycle gas ratio to maintain a 35(10 by voli.llne <\feed to a 
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pulverized coal fired boller, hot recycling of the flue gas prior 
to CO2 purillcation and compression also reduces the size of 
all unit operations in the stream leaving the boiler to 1/5 that 
of similar equipment deployed in conventional airbJown 
combustion systems (Chatel-Pelage et al., 20(3), Use of a low 
temperature gas purification step prior 10 CC\ compression 
(see Section 3.4.2.2) will also eliminate the need to deploy 
conventional selective catalvtic reduction for NO removal and 
nue gasdesulphurization to" purify the gas, u pra~tke typically 
adopted' in conventional aiF·blown combustion processes (see 
Figure 3.3). Th,e overalJ reduction inflow volumes, equipment 

. scale and simplification orgas pIII'itication steps will thus have 
the be.i1t1it of reducing both capital an(\opcrating costs of 
cquipmentdeploycd for combllstion. het1t transfer and final gas 
purification in process and power plant applications (Marin et 
al., 20(3). 

As noted above for pulvcdzed cou\, oil. nattn'll gtlsand 
biomass combustion, Huidizcdbeds could also be fired with 
01 instead of air to supply heat for the steam cyCle. The 
inten1ie solid mixing in a tluidi;wdbed cOlnbustion system 
can provide very good temperature control even in highly 
exothermic conditions, thereby minimizing the need for flue 
gils recycling. In principle, a variety of commercial designs for 
fluidizcdc()I1:lbustion boilers exist that could be retroiltted for 
ox.ygen firing, A circulating fluidized bed combustor with 0, 
Jlring w<\sproposed by Shimizu el aJ. (1999) to generate tile 
heilt required for the cakinationof CaC0

3 
(see also Section 

3.33,4). More recently, plaJlsfor pilot testing bfan dxy .. fircd 
circulating fluidized bed boiler have been published by Nsakala 
er al. 0(03); 

3.42.2 Asse.vsments ofplants converted f{) oxy-fuel 
tombuslion . . 

We now discuss performance data from,} recent comprehensive 
design study for an application of ()x.y-fueicombusrion ina ne\.v 
build pulvaized co'lllircd power boiler using.a supercritical 
steam cycle (see Figure 3.8; Dillon et at. 2005). The overall 
thermal efficiency on a lower heating vallie basis is reduced 
from 44.29(j to 35.4%. The net power output is reduced from 
677 MW to 532 MW . c e 

Imp0l1ant features of the system include: 
Bunier design .and gas recycle flow' rate have been selected 
to achieve the same temperatures as iii air combustion 
(computible temperatures with existing materials in the 
boiler). 
The C(\-rich fltle· g~\S from the boiler is divided into three 
gas streams: one to be recycled back to the combustor, one t() 
be used us transpol1 and dryirlg gas of the coal feed, and the 
third asproduct gus. The first recycle and the pr(Jdnctstrcam 
are cooled by direct \vater scrubbing to remove residual 
particulates, water vapour and soluble acid gases. such as 
SOl and HCI.Oxygen and entrained coal dust together with 
the second re<.:ydc stream flow to the burners. 
The air leakage into the boiler is suftici(~nt to give a high 
enough inerts level to require a low temperature inert gas 
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Figure 3.8 Sche'malic ofanoxy":fud; pulverized coaJ fired power plHnL 

removal ullit to, beinstalled,eveil if pure 02 were used as 
the ()xidantin the hoiler; The cryogenic oxygen platH will, 
in this cash, produce 95% 01 purity to minimize p()wer 

consumption and capital cost. 
The low :temperature (~5Y'C) COl purilication plant 
(Wilkinson;et aI" 2003b) integratedwiththeCC\compressor 
will not oQly remove excess °2, N2, argon but can also 
remove all. NO and SO, from the CO, stream, if high 
purity CO) 'is re(lllircdf()f~torage. SignHi~alltly, remoVl~l of 
these components before tinal CO)compressi()n eliminates 
the need tq otherwise incorpm'ate" upstream NO~ and SO, 
removal efJlIipmcm in tlwnet flue gas streani leaving the 
boiler. Elin?inationof N, from thcfllie gas results in higher 
SO concelltrations in the boiler and reduced NO levels. x , 

Suitable corrosion resistant materials of construction must 
be chosen .. 
The overall he;lt transfer is improved in oxy-fuel tiring 
because of the higher emissivity of the COiH,P gas mixture 
in the. boiler compared to nitrogen and the improved heat 
transfer in' the.; convection section. These improvements. 
togpther wi~h the J'ccycJc of hot Hue gas. increase the boiler 
efficiency a,nd steam generation. by about 5%. 
The overall thermal efficiency is improved by running the 
02 plant ai~' compressor and the first and final stages of 
the COz compressor without cooling, and recovering the 
compressiofl heat for boiler feed water heating prior to 
de .. aeration: 

Enginceting st(H.heshave also. been reported by Sinlbeck Hnd 
McDonald, (2001 b) and by McDonald and Palkes (f 9(9). 
This work ha~:conf1rmed thai lheconcepl of rClrotitting oxy
fu~1 combustion with CO, capture toexisiing coal-tired pow(~r 

Water 

stations does not have tiny technicpl barriers and can make l.lse 
Ofl~xisting tethnology systems. 

It has been reported (Wilkinson t>1 al.. 2003b) that [he 
application ofoxy .. 'fud technology for the rCIIoHt of power 
plant boilers. and a range of refinery heaters in a rctlncry 
complex {Grangclllouth refinery in Scotland} is II:dmically 
feasible at a competitive cost compared to other Iypes of 
CO

2 
capture technologies, In this case, the existing boiler is 

adapted to allow combustion of rellnery gas, and fuel ()il wilh 
highlyenrkhed oxygen and with partial Huc gas recycling for 
temperature control. Oxy-fuel boiler conversions only needed 
minor burner modiikations, a new 0, jlljection systeI11 and 
controls, and anew Hue gas. recycle linc"with.l separate hlowt'r, 
Theseare cheap and rcHltivdysimplc modifications and restill 
in an illcrease in boiler/heater thermal efficiency .due to the 
recycle of hot gas. Modifications to a coal-fin~d boiler aren1()re 

complex. In this study, it \vas found to be more economic to 

design the air separation units for only 95%0, purity instead 
of 99.5% to comply with practical levels of .{if leakage into 
boilers and to separate the associated argon and Ilitrogen in 
,the CO

2 
inert gas removal system to prOOw.:e a purity of CO

2 

suitable for geological storage. After conversion of.thc boiler. 
the COiconccntration ill the flue gas incre~lses from 17to 6(Y~) 
\vhilethe water content increases from 10 to 309(;, Impurities 
(SO~, NOJandgases (excess 02' N

1
, argon) representing abollt 

10% of the stream are separated from CO2 at low ternperature 
(~55°C)',Aner cooling, compression and drying of the sep~lfllted 
or non-recycled flue gas, 'the product for storage comprises 
96% CO, ciJntai11inatcd with 29~, Nt' L%. argon alld less than 
I (if; Oland SOl' Production of ultra-pure CO

2 
for storage would 

alsQ be possibleif distillation steps are added to the separation 
. process, 
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Figure 3.9 Principle How scheme of the advanced zero emission power plant cycle. 

3.4.23 Advanced zero emission power plant 
The advanced zero emission po\ver plant (or AZEP as outlined in 
Figure 3.9: Griffin et al., 20(3) is an indirect heating g~\S turbine 
cycle thut incorporates a high-temperature oxygen transport 
membrane, operating at about 800"C -lOOO"C (see Section 
3A.52), This process llses II standard air:.basedgns turbine in 
a combined cycle arrangement. Three process steps take place 
in a reactor system that replaces the combustion chamber of 
astandal'd gas turbine: n separation of oxygen from hot ail' 
using the membrane and transport to the combustion section; 2) 
combustion and 3 }heat exchange fromthecornbustion products 
10 the compressed ai f. 

A net d'fkiency for advanced zero emission pO\vcr cycle of 
, around 49"~50% LHY is claimed inCluding CO, compression for 
'transport. In order to get full advantage of the potential of the 
most advanced gas turbines, which have inlet temperatures of 
1300~C-14{)O()C, an afterbumer iired with natural gas inair may 
bea:ddedbehind the reactol' system. The efficiency lhcil climbs 
up to 52% but now 15% of the CO, generated by combustion is 
released at the stack and is not captured. 

3,43 Oxy-fuel direct heating ~ gas tu,bine cycle 

Oxy*fuel combustion takes place in a pressurized CO2"rich 
recirculating stream in a modified gas turbine. The hot gas is 
exp~mded in the turbine producing power. The turbine exhaust 
isc()oled to provide heat for a steam cycle and water vapour is 
condei1sedby further cool irlg; The CO, .. rich gas is compressed in 
thecompl'essor section. The netC02"C~ich combustion product is 
removed from the system, Only 11uturaJ gas, light hydrocarhons 
llIid syngas(CO +~7) cari be used as flle!. 

3.4.3.1 Cycle description and per!oniumce 
Figure 3.10 shows ho\va gas turbine can be adapted to run 
with oxy-fuel firing using C(\ as a working Hllid, Exhaust gas 
leavii1g the heat recovery steam generator is cooled to condense 
water. The net C(\ product is removed and the remaining gas is 

recycled to the compressor. Suitable fuels are natural gas, light 
to il1cdium hydrocarbons or (HI. + CO) syngas, which could be 
derived from coal. The use of COT us Ihcworking fluid in the 
turbine will necessitate tI complete redesign of the gastlubine 
(see Section 3.4.3;2). A l'ecent study (Dillon el aI., 2005) gives 
an overall efficiency including CO; compression of 45%. 

'1'w'o lypical variaJ1ts of this configuration are the s()-caUed 
Mutiant and Graz cycles (Mathieu, 2003; Jericha el aI., 20(3). 
The IVlatiant cycle uses CO2 as the workingnuid, and consists 
of features like intercooledcomprcssor and turbine l'eheaC The 
exhaust gas is preheating the recycled CO, in a heat exchanger. 
The CO, generated in comhustionis extr~\cted from the cycle 
be~ind the compressor. The net overall LHV efficiency is 
expected to be 45-47% and can increase above 50% in a 
cOll1bined cycle configuration similar to that shown in 'Figure 
3.10. The Graz cycle consists of an integrated gus turbine and 
steam turbine cycle. A net LHV efficiency of <,bove 50% has 
bcencalculHted for t~is cycle (Jericha et at., 20(3). 

A recent comprehensi\ieteview of gas turbine cycles with 
CO~ capture provides efficiencies of different cycles on a 
common basis (Kvanisdal et al., 2004). 

3.4.3.2 The CO/oxY~fuel gas turbifie 
In ex isting gas turbines the molecular weight of the' gases in 
the compressor and turbine are close to that of air (28.8). In the 
case of oxywfuel combustion with CO:trecycle the compressor 
fluid molecular weight is about 43 and about 40 in the mrbine. 
The change in working fluid from air to a CO,-rieh gas results 
in a number of changes in properties thature ~(importllllce for 
the design of tbecomprcssor, (~ombustorand the hot gas path 
including the turbirie: 

The spet.~d of sound is 80% of air; 
The gas density is S(Vk higher than ail'; 

The specific heat ratio is lower than air resulting in a I()wer 
temperature Ghange on adiabatic compression or expansion. 
An oxy-fuel gas turbine in a combined cycle has a higher 
optimal pressure ratio, typically 30 to 35 compared to 15 
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Figure 3.10 Pri,nclpleof theoxy-fuelgas turbine combined cycle. Exilatlst gas is recycled, c()tnpressed and Ilscdin thecOInbustion chamber to 
cOlitrol the temperature entering the turbine. 

to 18 llsed withuir rn a combined cycle SystCll1.With the 
highest tUI~bihe inlet tempcl'ature consistent with material 
lil:nitati()ns~ the rather high-pressure ratio results .in an 
exhaust gas telnpen:'lture of about 600°C j which is optimal 
for the steam cycle. 

Thesechange~ in the fundamental properties of the working 
fluid will have u significant impact on gas turbine components, 
requiring completely new designsoLcompl'cssors, combustors 
(t.o aCCOlJnt for aerodynamic changcsancj ilqJlIstic feedbacks) 
and hot gas p~lth (Q,. partial pressure must be ·'qw in ()xy·fud 
systems but it \s also-illlportant to tlvqid reducing conditions for 
the materials of the turbincor rhe ct~ange lOrnaterials allowing 
much low~rOi partial pressures). 

3.4.4 OXYd'ueldirect heati"g - steam turbille (.'ycle 

In aJloxywfuel steam turbine cycle, water is pressurized as a 
liquid and is then cvapofatet:i •. heated by the direct injection 
and combustionOfaJueL with pure oxygen and expanded ina 
turbine. Most of the water in the low pressure turbine exhaust 
gas is cooled~ndcondensed. prior ·tb p.umping back to a high 
pressure· while' the CO

2 
produced. from combustion is removed 

and compressed for pipeUne transport. A variant of this cycle in 
which the heat is pr()vid~.dby burning naturalgils fuel in-situ 
with pllfe oxygen was propqsed by.Yantovskii etal, (1992). 

The directcombusticHl offuelandoxygen has been practised 
for many year~ in the metallurgical and glass industries where 
burners operate at neilf stoichiometric conditions with name 
temperatures oJ up to 3500°C A\vater quenched H.,Io., burner 
c:.;aptibleof praducing60tonne h ci ,.6 MPasllper he-ated steam 
was dernfmstnitGd ill the rnid·1980s (Rarnsaierelat. 1985), A 

recent development by Cle,m Energy Systems incorporating 
these concepts where" mixture of 90 % by volume superheated 
ste~Lnlmld IOt/(! CO

2 
is produced at high temperature and 

pressure to power conventiOnalol' advanced steam turbillcs. 
JS shown in Figure 3.11. The stearn is condensed lIla low
pressure condenser and recycled, while Co., is extracted fraIll 
the wddenser, purified and compre8st~d, (An-derson et aL, 2003 
and Marin el ai" 2003). 

Plants of this type require a clean gaseous or liquid fuel 
and will operate at 20 to SO MPa pref?sur~. The steam plus 
CO, generator is very compact. Control systems must be very, 
precise as start-up and increase to full tIow in a prchearc(i plant 
can take place in less than2 s~l:onds. J)rccise control of this very 
rapid stan wasdemonstruted (RnlUsaier et aL 1985) in a 60 
tonne stearn h· 1 unit. The (:Iean Energy Systems studies Claim 
efficiencies as high a855% with CC\ capture depending.on the 
process conditions used. 

The Clean Energy Systems technology can be initially 
applied with currem steam turbines (565°C inlet temperature). 
The main technical issue ise.leady the design of the steam 
t.urbines which could be used at inlet temperatures up to 1300°C 
byappJying technology sjl11i1ar to that used in. the hot path 
of gas turbines. The combustor itself (the 'gas generator') is 
adapted from ex.isting rocket engine technology, In 2oo0,Clean 
Energy Systems proved the concept with a 110 kW pilot projec;t 
conducted at the University of Calit'ornhl Davis. A 20 MW 
thermal gas generator was successfully operated in a test. fUP 

of the order of a few minutes in early 2003, A zero emissions 
dem()~stration plant (up t06 MWelectrical) is no\v on-line, US 
Department of Energy's National Energy Technology Laborat<)ry 
designed the reheater (RiChards, 20(3) and NASA tested it in 
2002. Much more technology development HnddemonstJ"ation 
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Figtlre3.U Principle ofthe Clean Energy Systems cycle, The combllstion of the fuel and oxygen is cl)oled by injectionofliqnid":\\luter, which 

is recycled in ihe ritocc%, 

is needed onthisfJ"oposed power cycle. but it shows signiflcant 
pot';r11ial for low capital cost and high efficiency, 

3,4.5 Techniques alld improvements ill oxygen 
prodllction 

Oxygen is the key requirement for any OXy-fllCl combustion 
system: It is also a key technology for pre-combustion CO

2 

capture(see SeCtion 3.5). Inthe rtcxtparagmphs, existing large
sdt:leO;production methods arc described first, followed by 
emerging concepts aimed at reducing the energy consumption 
\mdcost 

3A:5.J Cryogimic oxygen prodllcliol1 
The very large quantities of oxygen required for CO, capture 
llSingtherechniques of oxy-fuel combustion and pre-co;nbustion 
de~carbonization can only be economically produced. at present, 
by'usingtl1e established process of oxygen separation from air 
bydistill;iliol1 at cryogenic temperatures (Latimer, 1967). This 
isa technology that has been practiced for over 100 years. 

Hi a typical cryogenic air separation. plant (Castle, 1991; 
Pigure3.12), air is compressed to a pressure ofO.S to 0.6 MPa 
and purified to re1110ve water, CO" N,O and trace hydrocarbons 
which could accumulate to dangen.)us levels in oxygen-rich 
parts of· the plant, such as the reboiler condenser. Two or 
more switchingt1xed bed adsorbers are used, which can he 

regenerated bycither temperature 6r pressure swing, using 
in eilch case. a low prc$sure waste nitrogen stream. The aids 
cooled against returning products (oxygen and nitrogen)iria 
bauery of aluminium plate-tin heat exchangt:rs and separat~d 
into pure oxygen and nitrogen fractions in a double distillatihn 
column, which uses aluminiurh packing. 

Oxygen can be pumped as liquid and delivered as a high" 
pressure gas at up to 10 MPa. Pumped oxygen plants have 
largely replaced the oxygen gas cOinprcssion systems. They 
have virtuallyidcntical power consurnptio:ns but in a pU111ped 
cycle, a high-pressure airhooster compressor provides a means 
of efficiently vnporizingand heating the liquid oxygen stream 
to ambient temperature, Current plant sizes range up to 3500 
tO~ d-I and larger single train plants are being designed,TypiCal 
po~ver consumption for the delivery of 95% 02ut low pressure 
(0.17 MPa, a typical pressure for anoxy~fuel application) is 200 
to 240 kWh/t02• There are· numerous process cycle variations 
particularly for the production of oxygen at less than 97.5% 
purity which havehecn developed to reduce power and capital 
cost. Note that adsorption and polymeric rilembrafleniethodsof 
air separation are only economic fur small oxygen production 
rates. 

3.4.5.2 High len~{jtTlilure oXYKt.'f1 ion tral1sport memi>l'tlnt?s 

Ceramic mixed metal o:'<i<1es have been developed which 
exhibit simultaneolls oxygen ion and electron conduction at 
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temperatures aboye50QoCa[)d preferabl y above 700'JC (S kinner 
~tndKilner 20t)3~ BO~lwme~sterand Van Lqar, 2002; Dyer el 

at" 2000; Bredescnt:,f (l1.,2Q()4). Typical crystal structures 
which exhibit ih~se propertiesinplude the perovskites and the 
br()wnmmerite~. These~e~tivity of these materials. kjr oxygen is 
infinite~Jh~.()~yg~n PCfn:lcability.j[:iprimarily controlled by the 
oxygerlionva<;ancies in the nlelaioxide lattice. A di fferencein 
oxygenpartiaFpressure acrossJhe tliernbrane will cause oxygen 
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molecules ti,) iCHlize on the ceramic surface and pass into the 
crystal structure while simultant.~ously on the permeate side 
of thememhrane, the oxygen ions give up their electrons and 
leave the ceramic in the region of lower activitY, The electron 
conduction path is rhrougtl the rnettll ions in the lattice. Unlike 
conventional membranes, the nux Ihl'fiugh the ceramic .is Ii 

function of the partial pressure ratio. In the technical Jiteratu!'c. 
the engineered struCtures of these ceramic mixed melal oxides 
are referred to as ion fra.tnport flwmbrunes. In.,.! or (uygel/ 
transponmembranlts, OTM, 

The oxygen transport membrane can be fabricated in the 
form of plain tubes or as hollow Jinson a central colleclor tube 
(Armstrong etal., 2002); The finned elements are then mounted 
in tube sheets \vlthin apres~ure vessei with high-pressure.air 
flowing over the Hns. There are several new concepts that have 
becnproposed for using oxygen transp{)I1membr~mesin power 
c:yclcs with CO) capture. A prime example of an oxy-fuel gas 
turbine cycle that incorporates an oxygen transport membrane 
for oxygen production is the ,\(ivanced. Zen) enlission power 
plant des(.Tibed in Sect.ion 3.4.2.3. Another example is fOUlid in 
Sundnes (1998). . 

Deve lopme n{~;tat liS 

Oxygen transpOJt membrane systems for oxygen production 
are currently in the early stages of development by at least two 
consortia rec~iving l'esearch funding from rhl~ US Department 
Of Energy and rheEufl)pean COI;nmissiol). The concept hasl10w 
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reached the pilot plant stage and projected cost, manufacturing 
procedures and perfonnance targets for full size systems have 
been evaluated. Systems capable of large-scale production are 
projected to be available after industrial demonstration in about 
7 years time (Armstrong el al., 2002). 

3.4.6 Chemical looping combustion 

Originally proposed by Richter and Knoche (1983) and with 
suhsequelusigni lieant contributions by Ishidaand Jin ('1994), the 
muinidea of chemicalloopingcombustion is t.o split combustion 
of a hydrocarbon or carbonaceous fuel into separate oxidation 
and reduction reactions by introducing a suitable metal oxide 
as an oxygen carrier to circulate between two reactors (Figure 
3.(3), Separation of oxygen from air is accomplished by Hxing 
the oxygen as a metal oxide. No air separation plant is required. 
The reaction between fuel and oxygen is accomplished in a 
second reactOl' by the release of oxygen from the metal oxide in 
a n:ducing atmosphere caused by the presence of a hydrocarbon 
or . carbonaceous fuel. The recyCle rate of. the solid mHterial 
between the two reactors and the average solids residence time 
in each reactor, control the heat balance and the temperature 
levels in each reactor. The effect of having combustion in two 
reactors compared to ('onventional combustion in a single stnge 

. islhat th~C02 is not diluted with nitrogen gas, but is almost pure 
afierseparation from water, without requiring any extra energy 
demand and costly external equipment for CO, separation. 

Po~sible metal oxides arc some oxidcs of eornmon transition
state metals, such as iron. nickel; copper and rmil1ganesc (Zal'ar 
el ai., 2005Y The metal!metaloxide may be present in various 
forms,bulll)OstslUdies so far have assumed the use of pa.rticles 
\vithdiaI11eter I 00·500 ~tm. In order to move partides betw'cen 
the two re'actors. the particles are fluidized. 'rhis method also 
ehsur~seffident heat and mass transfer behvcen the gases and 
theparticlcs. A critical issue!s the long-term mechanical and 
c!1{iriiicilistability of the particles that have to undergo repeated 
.~YFIesof~~idation and reduction, to minimize the make-up 
requirement \V'hen a chemical looping cycle is used in a gas 
tiirbine cycle, the mechanical strength for cnlshing and the 
filtratiorisystcm is important to l:\void datnagingcarry-over to 
the ttil'bine;' 

TM~t~rhperattire in the reactors, according to available 
infol't'nation . in the literature, may be in the range 800°C-

Figllre 3.13 The chemical Joopingcolnbustion principle in a gas 
turbine cycle. 
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l2(){)°C, NO~ f()tmation at these typic,il operating temperatures 
will always be low. The fuel conversion in the reduction reactor 
may not be complete, but it is likely (Cho £If al., 2(02) that 
the concentrations of methane and CO when burning natural 
gas are very small. In order to avoid deposit of carbon in the 
reduction reactor, it is necessary to usesomc steam together 
\vith the fuel. 

The chemicnl looping principle may be applied either in 
a gas turbine cycle with pressurized oxidation and reduction 
reactors,or in a steam turbine cycle with atmospheric pressure 
in the reactors. In the case of a gas turbine cycle, the oxidation 
reactor replaces the comblistionchamber of :l conventional 
gas turbine. The exothermic oxidation reaction prm,iidesheat 
for increasing the air temperature entering the downstream 
expansion turbine. In addition. the. reduction reactor exit 
stream mny also be expanded in a turbine together with steam 
production for po\ver generation. The cooled low pressure CO~ 
stream wil1 then be compressed to pipeline pressure. Another 
option is to genernte stearn using heat transfer suJfaces in the 
o:xidatioll reactor. Currentcin::ulatingfluidizcd bed combustion 
technology operating at atmospheric pi'essure in both the 
oxidation and t'eduction stages necessitates the use of a steam 
turbine cycle for power generation, Using natural gas as fuel 
in tt chernicalloopiIlg combustion cycle which supplies a 
gas turbine combirled cycle power plant arId delivering CO

2 

at atmospheric pressure, the potential ftJr natllralgas fuel'-to:" 
electricity conversion eftlciency is estimated.to be in the rl1tlge 
45-50% (Brandvoll and Bolland, 2(04). \Vol'k on chenlica.I 
looping combustion is cU~Tently in the pilot plant andmateri~i1s' 
research stage, 

3.4.7 Status and outlook 

Oxy~fuel c()l11busti<in applied to>f'urnHces, process heaier$, 
boilers and<p?~er,~~nerati(m systcfns is f~aSiblesin.~:,:~o 
techni~al harrie~s'(?rjts iJllpl~Fe~tf\tion ha\'eh~~n identitl~~. 
Early. use()fthis<cam:~re techn()lo~¥ is likely to address 
applicationsinvplviugindfrect heating in power generationa,nd 
process he~it"lng(Sectiolr 3.4.2}, since these options involve the 

. mini~lalmodin,catioll of technologies and infrastructure that 
have 'hitherto ~~en already developed for the combustion'of 
hydrocarbon or clubonaceou s fue Is in air. However, se vera) no~~] 
applications proposed for direct heating in stearn turbine cycles 
or gas turbine cydcs for power generation' (Sections 3.4.3 and 
3.4.4) stiJlrequirethe development of new components such as 
oxy-fuel combustors, higher temperature tolerant components 
such as CO,- and H,O-based turbines with blade cooling. CO, 
comp~essors and hig-hiemperawre ion transport-membranes for 
oxygen separation. As for Chemic~ll Lo6piilg Combustiori, it is 
currently still at~ln cady stage i,)f development. 

The potential for thermal efficiencies for oxy-fucl cycles 
with CO, capture, assuming the current state of development 
in power" plant technology, is depktcdin Figures 3.6 and 3;7. 
Power generation from pulverized coal fired systems, lIsi':1g 
slIpcrcritical steam ccmditions presently operate atcfficic·ncies 
around 45(}}; (LHV), while projections to the 2010"'2020 hOle 



130 

frame are predicting efficiencies above 50% (lEA, 2(04) for 
plants using l,lltra-supercritkal steam conditions. An. increase 
inefficiency ~)f more than 5% can therefore be expected for 
future oxy.;fu~1 capture systems basedon coaitiringthat could 
potc~ltially m'atchthe besteffiCiencies realisable today for 
pulverized coal-fired plants withollt CO

2 
capture. Similarly, 

natural gas Ilred combined cycles will have cftidenciesof 65% 
in 2020' (lEA GHG. >2000b and. up from cutrcntefficiericies 
behveen 55 and580t). which will enable plant efficiencies fOf 
natural gas firedoXy,,:fuclcydes. with CO, capture above 50%. 
The energy penalty . for producing oxygen is by far the most 
important cau'selorrcduced efficiencyill.an oxy-fud cycle 
compared toa',com'cntionaJ power plant. 

Curi'ent techno}()gy development envisages very high 
efticiencyseparationof NO~,SOA' and Hg, as part of the COz 
compression and purification system. Improve<:J separation 
eftlcienciesof:,thesC' contaminants <ire possible based on t\lrthcr 
process and heat integration in the powercyc1c. 

Currem (~ryogenic oxygentechno!ogy is showing <;omirluing 
(;08( reduction basedonimprovcd ··compressor effiCiencies, 
ll10re eftiden(process ~qujpmenland larger scale plants. The 
ne\\! high temperature.o,xygcn membnme could significantly 
improv'c power generation efficiency and reducc capital cost 

Fliture oxY .. fuel demonstration plants eQuid be based on 
rt;trol1tsto existing equipment such as prpcess heaters and 
boiiets,in order to minimize development costsandacbieve 
early market e~try. In this respect, power ~ysterns of reference 
for m~y .. fuel cpmbustion capture are mainly the steam-based 
pulverized C()~l1. and natllr<ll gas fired plants that currently 
represent up to 1468 (iWe,()r 40%. (lEA WEO, 2004) of the 
existing globaJ infrastructure (see also Section 3.1.2.3). Several 
demonscration,lIilitsmuy be expected within the next te\vyclirs 
particularlvin Europe, USA. Canada and Austr~llia where 
active res~archinitiatives are currently undel·v;ray. As these 
(Jevelopments :proceed and the technoJogies achieve marker 
penelration they may become. competitive relative. to ulternate 
options based' on pre- Hud P()st-combustionCO, capture. A 
significant inc¢ntivc to the development of Qxy-:I'uel combustion 
technology, as: well as for pre-and post'-combiJStioncapture 
technologies, is the introduction of envirolunentalrequirements 
and/or fiscal incentives to. prommeCO) capture 'and storage. 

3.5Pre-'combustion capture systems 

a.s;/ Introduction 

A pre-combustion capture process typically comprises a first 
stage of reactkm producing a mixture of hydrogen and carbon 
monoxide (syngas) from· a primary fueL The two main routes 
are to add stearn (reaction I). inwhkh case the process is called 
'steanl l'efonning\oroxygeil.(reaclion2) to the pfimary fuel. 
In the latter case, the process is ·often called 'purtial oxidation' 
.\vhen appJiedto gaseous and liquid fuels· and 'gasifkation' 
when applied tou solidfueLbul the principles are the sante, 

Steam reforming 
CXHy+xHiO ( ... ) xeo + (x+y/2)H

1 
AU +ve (I) 
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Partial oxidation 
C,Hy + xl2<\ H xCO + (yJ2)H2 ~H-ve (2) 

This is followed by the 'shift'reaction to convert COt<) C()z by 
the addition ·of stearn (reaction 3): 

Water Gas Shift Reaction 
CO +H10 H CO2 + Hz L\H 41 kJ mol-! (3) 

Finally. the CO .. is removed from the CO/H, J'nixture. The 
concentrationo(C02 in. the input to .the CO/i1

2 
separation stage 

can be in the range 15-60% (dry basis) and the total pressure 
is typically 2-7 rvlPa. The separated CO

2 
is then available for 

storage. 
It is possible to envisage two applications of pi"e-coITIbiJstion 

<;apture. The/irst is in producing a fuel (hydrogen) that is 
essentially carbon .. free. Although the product fl, does not need 
to be absolutely pure and may contain low lev~ls of methane. 
CO oreo}, the lowcl' the level of carbon-containing compounds, 
the greater the l'cductionin CO? emissions. The H]Jucl may also 
comain inert diluents; such as nitrogen (when air is typically 
used for pat-tial oxidation)~ depending on the production process 
and C<ln be fifed ina range of heaters, boilers. gas turbines or 
fuel cells., 

Secondly,' pre-conibustion captlm! can be used to redllce the 
carboncontcntoffuels. with the excess carbon (usuallyrenioved 
as CO,) being made available for storage. Foi' exarhple. -':vhen 
using a low H:C ratio fuel such asc()ul it is possible to gasify 
the coal and to convert the syngas to liquid Fischer;.Tropsdl 
fnels and chemicals which haveahigher H:C ratio than coal. In 
this section, we consider both of these tlpplications, 

This section rcports on technologies for the production of H? I 

\vith COj capture that alreildy exist nild those that are currently 
emerging: It also describes emibling technologies that need to 
be developed h.J enhance the pre-combustion capture systerns 
for power; hydrogen or synfue1sand .chemicals production or 
combination of all three. 

35.2 Existing lec:hllo.logies 

3.5.2.1 Steam reforming oj gas and light hydrocar!Jons 
Steam reforming is the dominant technology for hydrogen 
productibntoday and the largest single tnlin plants produce up 
to 480 tH, ell. The primaty energy source is often natuntl gas, 
Then the "process is referred to as st(:,am methane reforfning 
(SMR). hut can also be othef Jight hydrocarbons, such as 
naphtha. The process bt'~gins with the ren10val of sulphur 
compounds from the feed, since these are POiS()IlS tb the current 
nickel-based catalyst und then steam is added. The reforming 
reaction (I). \vhich is endothermic. takesplace over.a cntalyst at 
high temperature (800°C-900°C). Heatissupplied to the reactor 
rubes. by burning part of the fuel (secondary fuel). The reformed 
gas is cooled in a W~tste heal boiler which generates the steam 
needed f()f the reactions and passed intq the eo shift system. 
Shift rcactQfs in oTie ()f two stages are used to convert most of 
the CO in the. ~yjlgas.to COl (Reaction 3; \vhich is exothermic). 
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The conventional two-stage CO conversion reduces the CO 
concentration in syogas (or in hydrogen) down to 0,2-0.3%. 
High temperature shift reactors operating bQtween 400°C and 
550°C und using an iron-chromilim catalyst leave between 2(k, 
and 3% CO in the exit gas (dry basis). Copper-based ciltalyst 
can be used at temperatures from J80°C-350°C and leave from 
O,2~ 1 % CO in the exhaust. Lower CO content favours higher 
CO, recovery. The gas!s then cooled and hydrogen is produced 
by a CO/l:I

1 
separation step. Until about 30 years ago, the CO2 

was removed using a chemical (s()lvent) absorption process 
such as ari amine or hot potassium carbonate and was rejected 
to atrnosphcl'e as a pure stream from the top of the regenerator. 
There are many of these plants still in use and the CO2 could be 
captured readily. 

Modern plants, however. use a pressure swing adsorber 
(PSA), where gases other than H?, are adsorbed in a set of 
switching beds containing luyersof solid adsorbent such as 
activated carbon. aluminaand zeolites (see the flillerdescription 
of PSA in Section 3,5,2.9), TheH2 exiting thePSA(typically 
about 2.2 MPu) can have a purity of up to 99.999%, depending 
on the market need. The CO, is contained in a stream, from the 
regeneration cycle. which cc;ntains some methane and H

J
• The 

stream· is used as fuel in the reformer where it is c<>mbustcd 
in air and the CO] ends up being vented to atmosphere in the 
reformer. tluegas. Hence, to capture CO" from modern SMR 
plants would ~cquire one of the post-c6mbustion processes 
des.cribed above in Secti()fl 33, Alternatively, the PSA system 
cmild be designed not only for high recovery of pureH1 but also 
totecoverpure C(J~ and have a fuel gas as the third pI'oduct 
stream. 

In a design study for a large modern plant (tow.! capacity 
720 tH2.d l). the overall efficiency of Imlking 6.0 MPa H2 from 
natural gas with CO, vented that Is without CO~ capture, is 
estimated to be 76(}'o. LHV basis, with emissions ot9.1 kg CO/ 
kgB" (lEA OlIG. 19(6). The process can be modillcd (at a 
cost) t()provide a nearly pure CO~ co~product. One possibility 
is to remove most of the CO) fromthe shifted, cooled syng<ls .in 
a . wet' CO, removal plant with an appropriate arninesolvent. In 
this casetheC02-dcfident syngasexiting.the amine scrubber is 
passed to a PSA unit from which relatively pure Hl is recovered 
and thePSA purge gases are burned along with additional 
natural gas to provide the needed reformer heat. The C()~ is 
recovered from the anline solvent by healing 311d pressurized 
for transport. Taking into account the power to compress the 
CO, (1011.2 MPa) reduces the efficiency to about73% and the 
emi~.;;sion rate to 1 A kgCO/kgH2, while the CO;? removal rate is 
8;0 kgCO/kgH2, 

3.5.2.2 Partial oxidation olgas and light hydrocarbolls 
In thepartialoxidarion (POX) process (reaction 2), a fuel reacts 
with pure oxygen at ,high pressure. The pmcessis exothermic 
aJid occurs at high temperatures (typically 125lY)C-1400°C). 
All the heat required for the syngas re,\ctionis supplied by the 
partial combustion of the fuel and no external heat is required. 
As \\lith S~R, the syngas will be cooled, shifted and the 
C(\ removed from the mixture, The comments made on the 

13.1 

separation of COl frmn SMR syngas abovc apply equally to the 
POX process. POX is a technology in COl11rl'lon use today, the 
eftlciency 1S lOWer than SMR,btlt the range of fuels that can be 
processed is much wider. 

For lUl'ge-sl:alehydrogen production, the oxygen is supplied 
from a cryogenic air separation unit (ASU). The high investment 
and energy consumptionoftheASU is compensated by the 
higher efficiency and lower cost of the gasilication proCess and 
the absence of N., (from the ail') in the syngas, which reduces 
the separation co;ts considerably. However for pre-combustion 
de~carbonization applicati()ns. in which the hydI'ogen would be 
lIsedas fuel in agas turbine, it will be necessary to dilute the H2 
with either N, orsleam to reduce flame tempcfLlture in the gas 
turbine comb~stor and tolimit NO, emission levels. fn this case 
the mos.t efficient. systcrl1 \vill use air as .the oxidant and pmduce 
a H/N1 fuel Trlixture (Hufton el' af. 2005) 

3.5.2.3 Auto-thermal reforming olgas and /ight 
hydrocarbons / 

Theautothermnl reforming (ATR) process can be. ctinsidered 
as a combinatjon of the two processes described above; The 
heat required in the SMR reactor is generated by the partial 
oxidation reaction (2) lISiilg <.iir or oxygerl, but because steam 
is supplied to the retictor as well as c:xcess rUlturafgas. the 
endothennic reforniing reaction (1) occurs lil a catalytiC section 
of the reuctor downstream t)t' the POX burner. The uddItion of 
steanl en~lbles a high couvei'sion of fuel t() hydrogen at (ilower 
ternperature. Operating temperatures of the autothennal process 
are typically 950-1050°C. althol1gh this depends on the design 
of the processo Aliadvantageofthe process, compared to SMR, 
is the lower investment cost· for the reactor and the absence of 
any emissions of CO, since all heat release isintemal, although 
this is largely offset-by investment and operating cost foi'the 
oxygen plant. The range of fuels thatcan be processed is similar 
to the SMR process, but the feed gas must be sulphur free. 
CC\ capture is accomplished as described above for thesteulTI 
methane reforming. 

3.5.2.4 Gasheared reformer 
Each of the three syngtis generation technologies. SMR, ATR 
and POX produce high temperature gas which must be c()oled, 
producing in each cuse a steam flow in excess of that required 
by the reforqling and shift reactions. It is possible hl reduce 
this excess production by, for example. using preheated air and 
a pre-reformer!n an SMR plant Another technique is to use 
the hot syngas, leaving the primary reactor~ as the· shell-side 
heating fluid in a tubular stearil/hydr()C(wbon reforming reactor 
whkh can operate in series. or in parallel; with the phmary 
reactor (Abbottet al .. 2002). The addition of a: secondary gas 
heated j'efonner will incre~tse the hydrogen production by up 
to 33% and eliminate the excess steam production. The overall 
eflicicncyis improved and specific capitaJ cost is typically 
reduced by lSl}{,. Again. CO

2 
capture is accomplished as 

described previously for stearn meth.lne reforming. 

3.5.2.5 (]as{fication of coal. petroleum residues. {)f biomass 
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Various low Gasiiication Gas cfean .. up 
\la~O~·f$~dastQe.lu,; 

aleotticity 
Steam 

Miltkl!ttii.bl., 
byproducts: 
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Figure 3 •. 14 Simplified schematic ofa gasificution process showing op~ion$ wilh (:01 capture aildelectridty, hydi'()gen orchelnical production. 

GasifIcation (see Figure 3.14) is a,hcmi(ml process aimed 
at making high-vallie products (chemicals, electricity, dean 
,syntheric fuels)ollt of lo\v-vaJue solid feedstocks such as 
coal, oil r~tInillg residues. ()r bimnas(" Gasification is hasically 
partial oxidati(~i1 (reaction 2), although steam is also supplied 
10 the reactor:in most processes. Fixed bcd,. t1uidizcd bed or 
en!raincd nO\~ gasifiers can .. pe liscd, These can have very 
different characteri'sticsw.ith resped to .oxidant (air or 0.,). 
operating teinpenuure (np to I 350"C), operating pmssure (I), J -~7 
MPa). feed sys~em (dry or water slLlI'ry). syngascooling method 
(water quench or viaradiative and convectivGheat exchangers) 
and gas cle(lJ1~up system deployed. These.alternative design 
options determine the fraction of feedstock converted to syngas, 
syngascompositionand cost As economics depeild strongly on 
scale, gasification isgcneraUy considered to be suitable only 
for larg~ plants.< The gasifier output contains CO,H .. CC\ HIO 
and impuritiesi(e.g., N2i COS, H;!S, HeN, NH1, volatile ttaCe 
mtnel'als and Hg)that musthe managed appropriately. 

A world:wide survey of commercial gasification projects 
idcmifled 128 operating gasification plants with 366 gasifiers 
producing 42;700MWI of syngas (NETL.,DOE,. 2002 and 
Simbeck, 2001'a). Thel'eare also about 24,500 MW

1 
of syngas 

projects under: development oi~ construction, w.ith 40()():.,5000 
MW

t 
of syngas added annually. The feedstocks are mainly 

higher rank coals and oil residues. Mnst conll11t.~rciar gasi fkatioil 
growth for the last 20 years has invoJ ved en trj]jned~ now gasifiers, 
for which ther~ are three, (:ompeting systems on the market. 
Recentcopl111crciaLg::t~ific+ltion development has been mainly 
with industrial:amrnonia ptoduction, industrial polygeneration 
(in which cle;lfl syngas JS used to make electricity and steam 

along with premium syngas chemicals)and IcJCC power plants. 
COinmercial e:xperience with biomass gasification and Huidizcd 
bed gasification has been Ii III itcd. 

C<\capillre tech~iology is well established for gasification 
systems that make chemicals (lnd synthetic fuels (NETL-DOE, 
2(02). (i3sification-based NH~ plants (many in China) include 
making pure H2 and CO~ separation at J'ates tlpto 3500 teOl 

d- j per plant. South African plants Inaking: .Fischcr-Tropsch 
fuels and chemicals and a North Dakota plant making synth,elic 
natllral gas (SNG) from coal also produce large streams of 
neal:ly pure CO.,. Figure 3.15shO\vs a picture of the .North 
Dakota gaSification plant in which 3.3 MtCO} yr" is captured 
using 11 refrigerated methanol-based. physical solvent scrubbing 
process (Rectisol process, sec Section 3.5.2.11 and Table 3,2). 
Most of this captured CO) is vented an(lab6ut 1.5 IVltonnes y)'"1 

elf this stream is l~ulTently pipelined to the Weybul1l; Canada 
enhanced oil recovt!ryand CO~ storage project (see Chapter 5). 

When CO}, capture is an objective, ell-blown and high· 
pressuresystcms are preferred because ofthe· higher CO~ partial 
pressures. De~carbollizati()n .via gasification entails" lower 
energy penalties for C0

1 
capture than does posH:ombustiori 

capture when considering only the separation stage, because 
the CO). can be recovered at partial pressures lip to J orders 
of magnitude higher. This greatly reduces CO, absorber size, 
sojvent circularion rutes and COl stripping energy requirements. 
However, additional energy penalties are inclIrred in shifting 
the CO in the syngas to CO

2 
and in othel: pal15, of the system 

(see examples for. [GCe plant with CO, capture in Figures 
3.6 and 3.7). Recent analyses for bitumi~nOlls coals (sec, for 
example, lEA GHG, 2(03) suggest using sirnpJe high-vressure 



Figure 3.15 North Dakota coal gtisincntion plunt with 3,3 MtC<\ 
yrl capture u!>ing a cold methanol. physical solvent process (cluster 
of 4 tall columns in the middle of the picture represent the H2S and 
COl capture processes; part of th(!captured stream is used f()rEOR 
with CO;? stonlge in Weyoum, Saskatchewan, Canada). 

cntrnincd-Ilow gasifiers with water slurry feed and direct water 
quenchfollowcd by 'sour' (sulphur;.tolerant) shift reactors and 
I1nally co-removal of co, and H,Sbyphysica! absorption. With 
s()lIrshifting; h(lt fa .. " syngas le~ving the gasifier requires only 
one cooling cycle and less processing, Oxygen requirements 
increase for sJUlTY fed gasificrs and conversion e(tichmcies 
decline with higher l~ycle efflcicncy losses with quench, cooling, 
Similar trends are also noted \vith a shift from bituminous to 
lower ranksub-bituminous coal and lignite (Breton;;ind Amick, 
20(2). Some analyses (e.g., Stobbs and ;Clark.20(5) suggest 
that the . advantages of pre-combustion over P()st-combustion 
de~eaJh()nization may be small or disappear fbr low-rank 
coalscollvertcd with cntrained-How gasifiers. High-prcssure, 
11 ui dized:.bed gasifiers may be bettcr suited for use with lo\\,
hmkl~()als, biomass and various ~arb()naceous wastes. Although 
tilere.are examples of successful demonstration of such gasi fiers 
(e.g.,;thehigh temperature Winkler, Renzenbrink el al:. 1998), 
there has been little commerciul~~;(,:ale operating experience. 

TheH,S in syngas mllst be removed to levels of tens of 
ppm tor iGCC plants for compliance with S(\ emissions 
reguhitionsand to levels much less than 1 ppm for plants that 
make chemicals or synthetic fuels. sO as to protect synthesis 
catalysts. If the CO, must be provided for storage in relatively 
pure form,' the com;non practice would be to recover first fl 2S 
(which is'absorbed more readily than CO,) from syngas (along 
with asmall nmount of CO,) in one recovery unit, followed by 
reduction orH,S to eleme.ntal sulr>hur in a Claus plant and tail 
gas clean-up; and stlbsequent recovery of most of the remaining 
CO

2 
ill a separate downstream unit. An alternativcoptioll is to 

recover sulphur in the form of sulphuric add (McDaniel and 
Honnick, 20(2). If H)S/CO~ co~storage is all()\ved; h()wcver, it 
wotlld often be desirable to recover H}Sand CO2 in the s~une 
physicnlabsorption unit, which would lead to moderate systt:.m 
cost savings (lEA GHG, 2003: Larson and Ren, 2003; Kreutz 
el a:/., 2(05) especially in light of the typicnlly poor prospects 
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for selling byproduct sulphur or sulphuric ad~L Although co
Si(')rage ofH2S and CO2 is routine1ypursued in Western Canada 
as an acid gas management strategy for sourn:Hural gas projects 
(Bachu and Gunter, 20(5), it is not yet clear that co-storage 
'would be routinely viable at large scalcs- a typical gasification
based energy project would involve an annual CO~ storage rate 

of 1-4 Mtonnes yr1, whereas the total Co.) storage rate. for 31148 
Canadian projects is presently only OA8 MWnnes yr-! (Buchu 
and Gunter, 2005), 

352,6 Integrated gasijicClrioncombined cycJe( JGCC) jl>r 
power generqtioil 

In aeonl IGCe, syngas exiling the gasifier is cleaned of 
particles, H

2
S and ()ther c(jntaminants and then burned to make 

electricity via a gastutbinc!steam turbine combined cycle, The 
syngas is generated and converted to electricity at the same 
site. both to avoid the high cost of pipeline transpOit of syngm; 
(with a heatipg vulue only about 1/3 of that for natural gas) 
and to cos~-effectively exploit opportunities for making extra 
power in the combinedcyclc's steam turbine using steam from 
syngas cooling, The main drivers for IGCC development were 
originally tbe prospects or exploiting continuing advances 
in gas turbine technology. the case of reali.dng low levels of 
ait~-pollutant emissions when. c()ntaminants Hl'e removed from 
syngas.und greatly reduced pf()(':ess stream volumes cornpared 
to flue gas streams frorn C()mblistioll which areal low presslIre 
and diluted \vith iliti'ogen frOl11Uir. 

Since the technology wttsinitially demonstrated in the 
1980s, abflut 4{JW.()f IOCe power plants have been built. 
Most of this capacity is fuelled with oil or petcoke; less than 
J GWe of the total is designed for coal (lEA cee, 20(5) and 3 
out of 4 plants cLlrrentiyoperating OIl coal and/or petcoke. This 
experience has demonstrated .IGCC load-following capability. 
although the technology will probably be usedlnainly in base 
load applications. All coal-based IGCC projects have been 
subsidized, whereas only the Italian oil-bilsed IGCe projects 
have been··subsidizcd.Other polygeneration projects inCanadfl. 
the Netherlands and the United Stntes; as well as <in oiJwbased 
IGCC in Japan, have notbeen subSIdized (Shl1beck, 200 tal, 

IGCC has not yet been deployed more widely because of 
strong competition from thenatunll gas C()Il1bined cycle (NGCC) 
wherever natural gas is l'eadBy available ~\t low prices, because 
coal-based IGCC plums are not less costly than pulverized 
coal ttrcd sleam~electrk plants and because of availability 
(reliability)concellls. IGCC availabilitY has improved in recent 
years incommercial~scale demonstration units (Wabash River 
Energy, 2000; McDaniel and Hornick, 2(02). Also, availability 
has been better Tor industrial polygellcration tlnd IGCC projects 
at oil refineries and chemical plants where pt'rsonnel arc 
experienced "'lith the chemical processes' involved, The recent 
rise in Ilatural gas prices in the USA has also increased iriterest 
in {Gee. 

Because (if the advantages for gasiiicatioll of CO) capture at 

high partial pressures discussed above, IGCe may be attractive 
for t:onl power plants in a carbon-('OnSlrained world (Karg and 
Hannemann. 2004), C0

2
captllre for pre-combustion systems 
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is commercial.ly ready, hqwever, no IGCC plant incorporating 
CO2 capture h~s yet~~nhuiit. Wjth cun'ennechnology. average 
estimates of the energy penalties and the impact of increased fuel 
use for COl (~movalal'e corppared with othercuptui'e systems 
in Figures 3.6 and I7at1d show the prospective potential of 
IGCC options, The data inF'igures 3.6 and 3.7 also show that 
some lace: options maybe different from others (i.e., s]UlTY 
fed and quenc~cooled versus dry feed and syngas cooling) and 
their reltitiv·eTeritsint~.rmsof the capital cost of plant and the 
dcliveredcostiofpower aredisc;ussed in Section 3.7 .. 

3.5.2.7 Hydmgenj1Y)1n coal with COl capture 
Relative to inteIlsi\lely studied coal ]OCC technology with CO,! 
capture. thete are few studieslIj the public domain on making l:l~ 
from coalvia gasificati()nwithCO~capture (NRC, .2004; Parsons 
.200211, b; GnlY: and TomlJnsoil,2003; Chiesaetal., 2005; Ki'eutz 
el at., 20(5), even though this III techl1ology JS well established 
commercially" as noted above. With commercial technology, 
H2 with CO

2 
caplUrecan be produccdvin coal gasiticationin a 

system similm:: to aco.iLlGCC .plant with CO, capture; In line 
with the design recommCI1dations forcoalIGCC plants described 
above (lEA OBG, 2003), what follows is the description from 
a design stud~ of a coni IIi systt!l1} that produces, using best 
uvailabletechnology,1070 MW, ofHj from high-sulphur (3A%) 
bitulilinous <:orH (Chiesa et aI., 2005; Kreutzet al., 20(5) . .fnthe 
base case design, syngas is prodliteci inanentrained l10wquench 
gasifier operatbd .at 7 MPa. The syngas is cooled~ cleaned of 
pmticu)ate matter, arid shifted (to prim~lrilyH? and CO) in sour 
water gas shift reactors. After further cooling, H

2
S is j'emcnied 

from the syngasusing a physical solvent (Selexol). CO, is then 
removed from: thesyngas! again using Selexol. After being 
stripped from rrle solvents, the HzS is converted to elemental S 
in a Claus llnit:and a plant provides tail gas c1e~lI1..cupto remove 
residual sulphur emissiqns; and the CO, is either vented or 
dried and con1pressed to 150 atm for pipeline tranSp0l1 and 
underground stc>nlge, High purity H7 is extracted at 6 MPa from 
the. H,-rich syngas via a pressure s~~ing adsorption (PSA) unit 
The PSA purg~ g118 is.ccn1ipressedand bu.'ned in. a .conventional 
gas turbine combined cyc1e;generating 78MWe and39M\V. of 
electricity ill excess of onsite electricity needs· in the without and 
with CO,captUi"e cases, respectively; For thi.s base case analysis. 
the effcc~tive efficiency of Hz manufacture wase~timated to be 
64% with CO,! vented and 6l % with CO, captured, while the 
corresponding"emission rates are 16.9 kgCOz andJ.4·kgCO/ 
kgH" respec,tively. For the capturccase. the CO, removaJ rate 
was "t4.8 kgCO/kgH2, VariOUS~lltematj ve system~ollfigurations 
were explored. lIt was found that there are no thermodynamic or 
cost advantage? fronl iilcreasing the eJel:tricity/H, output ratio, 
so tbis ratio would tend to be determined by relative market 
demands for electricity and Hr One potentially significant 
option for reducing the cost ofB, with CO> capture to about the 
same level Wi with eo, vented involves H,S/CO,co-capture ina 
single Selcxol unit, us <'discussed above." -

3.5.2.8 Carbon·basedflilidfuels and multi-products 
As discussed in Chapter 2,. clean synthetic high Hie ratio fuels 
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can be m,ldc from syngas via gasification of coal ()r olhcrlO\v 1-1/ 
C ratio feedstocks. Potential products include syntheticnattiral 
ga::;, Fischer-Tropsch diesel/gasoline, dimethyl ether,. rneth~m()l 
and gasoline from methanol via the Mobil pmcess. A byproduct 
is typically a stream of relatively pure CO., that can be captured 
and stored. -

Coal (lerived Fisch~r-Tropsch synfuels and chemicals have 
been produced 011 a commercial scale in South Africa; coal 
methanol is produced in Chi na aildat one US plant; and coal SNG 
.is produced at a NOrth Dakota.(US) plant (NETL·DOE, 2002). 
Since 2000~ 1.5 MtC02 yr·j from the ,North Dakota synthetic 
natural gas plant (see Figure 3.15) have been transported by 
pipeline, 300 km to the Wcyburn ()it field inSask;ttchewan. 
Canada for enhanced oil recovery with COl st()rage. 

Synfuel matlufacture involves 02 -blown gasificali()[l to make 
syngas, gas cooling, gus. clean-up, water gas shift and acid gas 
(H2S/e:02) removal. Subsequently deaned syngas is converted 
catalytically to fuel in a synrhesJ$ reactor and unc()l1verted 
syngas is separttted from the liquid fljelpro(luct. At this p()int 
eithel' most uncoiweI'ted gas is recycled to the synthesis 
reactor to gener~lte~idditional liquid fuel and the remaining 
unconverted gas is used to make clectricity.foronsitc ll~eds, or 
syngas is passed only once through the synthesis reactor1 and iJlI 
unconverted syngas is used for l)l"her purposes. for ex.iinple, t(> 
make electricity for sale to the electric grid as well as for onsite 
lise, The lalter one£! lhl'Ough option is often more competitive 
as a rechnology option (Williams, 2000; Gray and. Tmnlinson, 
2001; LarsonundRen; 2003; Cclik n aI., 2005); 

New "slurry-phase synthesis re,tctors make the once through 
configuratic)h especially allractive fdr CO~r!ch (e.g" coal.,. 
derived) syngas by making high mlCe through conversion 
possible. For once through systems, :1 water g~is shift l'caeWl' 

is often placed upstre~lm of the synthesis reacWr .t() generate 
the U/CO ratio that maximizes synfuel conversion in the 
synthesis reactor; It is desirable to remove most CO2 from 
shifted syngas to max.imize synthetic fuel conversion. Also, 
.because synthesis catalysts are extremely ,sensitive to H~S and 
various trace.c()J1taminants. these must be removed to very low 
levels ahead of the synthesis reactor; Most trace m¢tals can 
be rem(i\'t~d at low,..cost using an activaledcarbon tHler. CO

2 

removal fn)tn syngas upstteani of the synthesis reactor is a low·;. 
cost, paltial deo-carbonization option, especially whenHzS and 
CO

2 
are. co-captured and co-stored as an acid gas management 

strategy (Larson and Ren, 2003). Further de-carbonization can 
be reuliz.cd in once through systems, at higher incremcnUll cost, 
by adding addit.ional shift reactors downstreamofthe synthesis 
reactor, recoveringthe CO

2
, und using .the CO2-depicted, H

2
-rich 

syngas to mukee1ectricity or some mix of electricity plus. H, in 
a 'polyg(~ncration' configuration (sec Figure 3.16). The relative 
amounts of H~ and electricity produced would. depend mainly 
on relative demands, as there do not seem to be t.hermodynamic 
creost advantages forparticuhit H/electricity· production rfttios 
(Chiesa et ai" 2005; Kreutz ellil.: 2005). When syngas is de
carbonized both upstream Hnd downstream of the synthesis 
reactor (see Figure 3,16) it is feasible to capture and store as 
CO, up to9(vJt, of the carbon in the ol'iginal feedstock except 
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Figure 3J6 Making liquid fuel, electricity and hydr6gen from coal via gasification, with CO2 capture and storage. 

tbat contained in the synthetic fuel produced. 
An example C>t' such a system (Celik t:r al .. 2005) is one 

muking600 MW of dimethyl ether (containing 27 lf/r) of coal 
input energy and 20% of coal input carbon) plus 365 MW of 
electricity (no He) Jrom conI. For this system the CO2 stol:age 
rate (equivalent to 74% of C in coal) is 3,8 Mtonnes yrl (39.o!c 
from' upstream> of the synthesis reactor)" The estimated fliel 
cycle-wideGHG emissions for dimethyl ether are 0.9 times 
those,fc)l' crude oil-derived diesel alld those for electricity are 
O;09.tinlCS those for t'l43% efticieiHcoal-fired p()\\'cr plant with 
CO2 vented. 

3.5:2,9 Pressure swing adsorption 
Pressure Swing Adsorption (PSA) is the gyst~rn of choice for 
the purification ot'syngas, where high puri~y H~ is required. 
However,:it does not seJecrively 'separateCO,from the other 
\vaste gases and so for ,Ul SMRapplicationlhe COl concentration 
in the waste gas' wouldbe 40~50%and requircfurtlier upgrading 
to produce pure CO:, for storage. Simultaneous H, and CO~ 
separation is possible by using an additional PSA'section t;~ 
removetheCOz prior to the H~ sepanHion step,sllch as tht~ Air 
Products Gernini Process (Sirear, 1979), 

The· PSi\: process' is built around adsorptive separations of 
cyclic character, The cyc1csconsist of two basic steps: adsorpt ion, 
inwhichJhemore adsorbable species are selectively removed 
fl'OnYthe feed gas and regeneration (desorption), when these 
spedesarc removed from the adsorbent so that it can be ready 
forthenextcycJe. It is possible to obtain useful products during 
both adsorption and regeneration. The principal characteristic 
of.,PSAprocesses is the use ofadecrease in pressure and/or the 
purge bya less adsorbable gas to clean the adsorbent bed, Apart 
froma<isorption and regeneration. a single commercial PSA 
cycle consists of it number of additional steps, including co .. 
and coun.tcr-currcnt pressurization, pressure equalization and 
co- and counter-current depressurization, Adctailed description 
of the PSA technique, along with its practical applications can 
be found else\.vhere (Ruthven et aJ.. 1994). 

3.5.2,10 Chemical solw!1l1 processes 
Chemical solvents are used to remove COz from syngas atpartial 
pressures bek)\\! abOllt 1,5 MPa (Astarita el at. 1983) and arc 
similar to those used in post-combllstion Ctiptui'c (see Section 
3.3.2.1). The solvent removes CO} from the shifted syngas by 

means of a chemical reaction. which can be reversed by pressm'e 
reduction anQheating~ The tertiary amine rnethyldiethanolamine 
(MDEA, see Table 32) is widely used in modernindtistrial 
processes, due to the high CO, loading possible and the low 
regenenltor heating lo~'td, relative to other solvents. Hot 
potassium carbonate (the most common commerciu\ version of 
which is known as Benfield) \vas used for (:C\ removal in most 
hydrogen plants until about. 15 years ago. 

3.5.2.1/ Physical so/ve.ntprocesses 
Physical solvent (or absorption) processes are mostly applicable 
to gas streams which have a high CO2 ·partial pressureandfora 
high total pressure, They are often used to rem()Ve the CO, from 
the.rnixed stream ofC0 1 and H, thatcOtlleS from the shift reaction 
in pre-combustionCO,-captur~ processes, such as product froll1 

, partial oxidationM coitl arid heavy hydrocarbons. 
The leading physical solvent processes. are shown in Table 

3.2, The regeneration of solvent is carried out by release of 
pressure at which C01 cvolves from thesolvel1t, inone.or more 
stages. Ira deeper regeneration is required thc. solvent would be 
stripped by healing. The process has low energy consumption, 
as only the energy for pressmizingthe solvent (liquid pumping) 
is required. 

The lise of high sulphur fossil fuels in upre;.combustion 
capturc process results!n syngas with H,S. Acid gt)scompom~nts 
must be removed. If transport and storage of mixed CO:, and 
HzS is possible then both COJllponents can berembved together. 
Sulphinol was developed to achieve significantly higher 
solubilities of acidic components compared tbamilie solvents, 
without added problems ofcxcessive c01Tosion, foaming, or 
solution dcgradation. It c.onsists of a mixture of sulpholane 
(H~lrahydrothiophene 1, I-dioxide), an alktll101amine and water 
in various proportions depending on the duty, If pure COz is 
required. then a selective process is required u~ing physical 
solvents - often Rectisol or Selexol, The H,S must be separated 
atsuffkll'ntly high concenlrarihn (generally >50 l;,0) to be treated 
ina sulphur recovery plmH. 

3.5.2.12 . Effect on other pollUTants 
Pre-combustion dlpture indudes reforming, panial oxidation 
0[' gasiticaLioll. In (micr ro maintain the operability of the 
catalyst of reformers, sulphur ell,S) has to he removed prior 
to reforming. In gasifi(~ation. sulpl;ur can be (:tlplured from Ih(' 
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syngas. and in the case when liquid or solid fuels .are gasified, 
particulates, till" COS~lllg;tI~N areal,so present in the system 
tbat need to be removed, III general, all of these pollutants can 
be removed frmn a high~pressure fw;~1 9!lS prior to combustion, 
where combustion products arc .. dlluted with nitrogen and 
excess oxygeI~. In thecombusHooo( hydrogen or a hydrogcn
containing fuel gas, NO,llld), be fOfined. Depending upon 
combustion te~hnolo¥?,andI1ydrogen fractioil, the rate arwhich 
NO, is formed rnay vary; [[the volumetric fmetion of hydrogen 
is below approxhnately50-6()(;~. NO,,, formation is at the same 
level as for nu(ural gas drylow-NO.systems (Todd and Btlttista, 
2(01), I 

In general, with the exception of H,S that could be co
removed with CO~, otht~rpoJiutants identi fied above are separated 
in additional pretr~atment operations, particqlarly in systems 
that gasify Iiq~lid orsoHd fuels. High temperature pretreatment 
operations for:these multi-pollutants that avoid cooling of the 
syngas have the advaJllageof improving the cycle efficiency of· 
the overall gasification procesS,htlt these separation processes 
have not been 'commercially demonstrated. 

Although it is not yet regulated as ,a 'criteria pollutant'. 
m~rcury (Hg), i~ currently the foeusof considerable concern as 
a polhltant fr6m coaJ power systems. For gasi fication systems 
Hg ctm be recovered from syngas at ambient temperatures at 
vcry IOw-CosL:compared to Hg recovery from flue gases (KJett 
et ai.. 2002). ; 

3.5.3 Em~rgillg teclwolo,gies 

Emerging options in both natural gas reformirig and coal 
gasification illcorporate novel combined reliction/separation 
syste;ns SUdl 'as sorprion-enhanccd reforming and sorption;. 
enhanced wat~r gas shift, membrane reforming and niembrane 
water gas shift, Finally there is a range of technologies that 
make use of thp carbonation of CaO for COl capture. 

3.5J.J SorlJlionelllwllced reaction 
A c<.)ncept c~lIit.·d Sorption Enhanced Reaction (SER) uses a 
packed bed co'ntaining a rnixture of a catalyst and a selective 
adsorbent to remove CO, from a high temperature reaction 
zone, thus driving the re~ction to cornpletion. (Bufton eta/.; 
1999). The adsorbent is periodically regenerated by using a 
pressure swing, Of temperature swing adsorption system with 
steam regenen~tion (Hllftonl~t al .. 20(5). 

High temp~ratur~. CO2 adsorbents such as hydrotalcitcs 
(HuftoneJ al.. 19(9)01' lithium sHicate (NakagaWa and Ohashi, 
1998) can be 111ixed with u:catalyst to promote either the steam 
methane r~forming reaction (Reaction 1) or water gas shift 
reaction (Reaction 3) producing pure hydrogen and pureC::O, in 
u single proccs~ unit. The \:ontinuOllS removal of the CO, fr~·)m 
tbe reaction pll?ducts by ad~()rption $hiftseach reaction to~vards 
completion. 

The SER c~1O be used to produce hydrogen at 400-600"C 
to fuela gas turbine combined cycle power generation system. 
A design study based ona General Electric 9FA gas turbine 
with hot hydrogen. produced from un air blownATR with a 
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sotptionenhanced water gas s!1ift reactor, gave a theqretical nc.t 
efficiency of 48.3(;'0 with90(;k) CO) capture at 99% purity and 
150 har pressure (Hllfton et al~, 20()5). The process is currently 
at the pilot plant stage. 

3.5.3.2 lvJembrane reactorsjbr hydrogl'nprodllctioll ~vith 
CO2 ·capture 

Inorgan ic membnmcs withoperatlng temperatures up to 1 nooce 
offer the.npossibility of comhining reaction and separation 
of the hydrogen in a single stage at high temperature and 
pressure tc)overcome the equilibrium limitations experienced 
in conventiOital reactor coufigurations Jor the production of 
hydtogen, The combination of separ;ltion and reaction in 
membrane steam reforming and/or mcmbn:me water gus shift 
offers higher conversion. of the reforming ;;lndlor shift reactions 
dueto theJemoval ()fhydrogen frbm these equiJibriul11 readipns 
as shown in Reactions U) and (3) respectively. The reforining 
reaction is endothermic and can, with this technique, be forced 
to compledon at lower temperature than normal (typic,dly 500.,. 
600°C). Tile shift re11ction being exothermic can be forced to 
completion at higher temperature (500-600C C). 

Another reason to irtc6rponite Hz separation membranes in 
the hydrogen production system is that COl is Hlso produced 
without the need foradditionalseparationequipmenL Mernbrane 
rea(;tcirs allow one-step refbw'ling, or a singleintermediatewater 
gas shift reaction. with hydrogen separation (the permeate) 
leaving bchindu. retentate gas which is predominatnly CO., and 
asrnall amount arnon-recovered hydrogen arid steam. This CO, 
remains at the relatively high pressure of the reacting !)ystem($t~e 
Figure 3. 17). Cond~nsati()n of the steam leaves a concentrated 
CO,stream at high pressure.,. nxlucing the compression energy 
for transport and slorage.Mcrnbranereformlng will bcneflrfrom 
high-pressure operati()n due to the increm;ed 112 partial pressure 
differential across the membri:Ulc which is the driving for\;e for 
hydrogen permeation. Thel'efore membrane reactors are also 
seen as a good option for pre~combusti()n de~carbonizatioll 
where a low-pressure hydrogen stream for fuel glis and a high· 
pressure CO,:'rich stream for transport and storage are required. 
The use of the' membrane reformer reactor in a gas turbine 
combined cycle means that the hydrogen needs to be produced 
at slIch pressure that the significant pc)\ver consumption for 
the hydrogen compression is avoided. This could be done by 
increasing the operating pressure of the membrane reactor or 
by using a sweep gas, for iJlstance steam, at the permeate side 
of the n1enlbrane (Jordal et ai., 2(03). 

For these membrane reactor concepts, a hydrogen selective 
membrime capable of OIJCrating in a higlHemperature. high
pressui'e environment is needed. hi the literature a number of 
membrane types have been reported that have thesccap,lbilities 
and these are listed in Table 3.3, Microp()rous inorganic 
membranes based upon surface diffusion separation exhibjt 
rather low separation factors (e.g .. H/C(\ separation factor of 
15), However, the separation ability of the current commercially 
available gamma-alumina ,~nd silica microporolls membranes 
(which have bettet separation factors, up to 40) depends upon 
the. stability of the rnembnine pore Si2l~. which is adversely 
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Syngss (CO. H Retentate 

Permeate n\lrlrl"l"An 

Low-pressure side 

Figure 3.17 Operating principle of a I1letnbnme reactor, 

I
~able 3;3 Membrane materials, np:~i:.~;:;::::~ons and ~~::;::(:~~~~~ for Hl :;:~;~:::ous .,. .... ,. 

Ceramic Ceramic Ca'r~orl 
~~~~~ ................ - .. ----..... -.-....... -.---'--'--..;....-'-.,--~'---"'-'------------------'--'-~ 

Zeolites Metal 

M5!mbrane ma~erial 

'Iemperature nmge (°0 

Pressure range (bar) 

Pore size distribution (nm) 

~eparntjpn factors UVeo) 
Perme.abililY (mol nr1s·tPu· l ) 

Experhn,·temp. ("C) 

Pre-clenn~up requirenients 

Chemical resistance problem 

Geometry 

Configuration 

Lifetime 

Costs (OS$ nr~) 

Scalability 

Alumina 

<500 

>100 

0.7·2 

15 

10'" 

200 

Top layer tube 

Cascade/recyclel 
once thn'mgh 

+ 

4250 

0 

Silica 

<400 

>100 

0.7-2 

15 

10-6 

200 

I-I,P 

Top layer tube 

Cascade/recycle! 
once through 

4250 

() 

affected by the presence of steam in the feed streams. The dense 
ceramic membranes based on inorganic perovskite oxides (also 
called proton conducting) need high temperatures, higher than 
8ooDe, to fichieve practical hydrogen nux ralcs;Palladium
hasedderise rhembnlOes are also known for their high hydrogen 
selectivity and pelTneability<,>ver other gases in the temperature 
range 300°C-600"C that is appropriate for these two reactions. 
Palladium alloy tubes have been available fl'lf several decades. 
but forCeS applications they are too expensive due to the 
membrane thickriess needed for structural stability and 
c(msequcntly low hydrogen flux rates. In order to be suitable for 
the target application, a hydrogen separation membrane must 
haveudeqnate selectivity and nux rate and must be stable 'in 
the reducing coal gas or fueJ-refonning environment containing 
steam and hydrogen sulphide. 

A number of membrane reactor developments have b~en 
reponed for hydrogen production with CO2 capture. Sev'er~\l 

groups haw evaluated mcth;;me steam reforming menibrane 

Carbon 

<400 

10 

0.7-2 

15··25 

10'7 

300-400 

°1 
Top layer lubelfibre 

Casc<ldeirecyc)el 
onc(.\ throllgh 

+ 
jOOO? 

0 

Silka (Alumina) 

<500 .. 700 

>100 

0 . .1 .. 0.7 

50 

10·1) 

300-400 

S 

S 

Top lay{~r tube 

Once through 

+ 

4000 .. 4150 

PdlAg 

<600 

>100 

no pores 

100 

10'7-10-(\ 

300-400 

S, Hel, HF (?) 

S, HCl.HF 

Top hlyer tubt:!plate 

Once through 

o 
4000-4250 

o 

reactors based on palladium alloymembranes(Middletonet a1., 
2002, Damle and ·Oorchak, 200t}. These evaluatiol1sshowed 
that membrane reactors could achieve 90(;?:; CO

2 
rec(jveryand 

that at this mon)ent the projected cost. is [learly identical to (hat 
for a conventional system. However; a cost-reduction can be 
achieved by cithct" reducing the material cost of the membrane 
or by increasing the permeability. Similarevulu(1rions of 
membrane reactors for the shift conversion and separation of 
CO

2 
from syngas produccdfn)m heavy fc·cds by gasillcCltion 

have been reported (Bracht el aJ., 1997; Middleton 2002; Lowe 
et aI., 2003), For these gasifier systt'ms the membrane rca~)ors 
could reduce the costs for capturing CO

2 
and the cost reduction 

would be more signihcant if they could be mtide sulphur 
tolerant 

3.5.33 Mh:rochanmd refOrti7er 
Microreactortechno)ogy can be used to produce a SMR. or low 
temperaulre air-based POX system using it multichannel plate'-
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fin heal exchanger, fabricated in stainless steel or high nickel 
alloy by vacu~m brazingQrdiftusionbooding. 

An SMR reacfor consists of alternate passages having fins, 
which are c()ated with catalyst or porous catalyst insets. Heat 
is produced by catalytkcombustion of fuel ga$ premixed with 
air and transf~ITed by cond.tlction to the adjacent passage fed 
\\lith the stetim/hydrocarbqh; mixJure, where th~ reforming 
reaction takcs'place{BabQyi¢eta!" 2001kVery compact high 
efficiency systemscnobe.Ptqduced, Although these units are 
being cun'endy develop~d.by a:llpmbcr ofgr()ups for 5nut11-
scale H, production for>(uelcellapplicatlons, thcyulso show 
promise- in lar~er Hi plants. . 

3.5.3.4 Co~v'ersinnto hydrogen andcarboll 
Thermal cJ,'~cking or pyroIY~ispf,methane is the reaction \vherc 
methanereact~ tocarbonund hydrogen through: 

Methane pyrolysis: 
CH4 -7> C '+ 2 H2 , (4) 

The m~ljn advantage of the pr(lceSs is that it (an potentially yield 
a clean gas (fl:ee of carbon oxides) that cquldbe lIsed directly 
for power production. but a disadvanUlge.ii;. that tilt;: chemical 
Mergy from theoxidatiCmof carbonto.CO" is not released. The 
crack.ing react((mis cndotheJ:mk and so heuthtlstobesupplied to 
the reaction. Ilitbe natuntl gasi& converted fully, the theoretical 
yield of hydro'gan corresponds to 60% of the heating value of 
~hc natural ga~. The amount of carb()n~which can be obtained, 
cOlTesponds l6 49q~:, of the heating value, with the extra 9% of 
the, eilergy in this calculation being provided as endothermic 
heat shown byireaction (4) above. 'Therefore full conversJoncal1 
be achieved .. Ollly .if heat issppplied from an external sQul'ce. 
If funconver~iol1 of methane is not achieved, the remaining 
lnethal1e will be; (Ornbusted to produce heat. There are many 
different methl1ds under development for reactors based on this 
principle, incll!dingthcrmal cataJy~ic>tbermalnon-cataJytic and 
plasma cracking. 

In the pk~smncracking process natural gas or other 
hydrocarbons :are supplied to it plasma lieactor. where the 
hydrocarbons are C(ack:ed under pyrolysis conditions (i.e., in 
absence t)f oxipes,.e,g" steam, which can supply oxygen to 
t~)l1rl CO or C0,).'The plasma a~~c,forwhichelectricity is used, 
supplies the heat for the cracking. reaction .. Advant;1ges of the 
process are its: tlexibi1ity withrcsp~ct to the fuel anfl the high 
quality carbon'black which.canbe.produced. Two small-scale 
plasma cracking processes fo(hydrogen/syngasproductionhave 
been indeyelop·ment~ The Gliel Arc process has been developed 
by the CanadianSyqergy Technologies O)rporation. The 
second proces~ is the .KvaernerCB&lJ process. Kvaerner has 
reported results for a pilot pi<mt producillg 1000 NmJ hydrogen 
per hOUl:.aml.2:70 kg or SOO kg carbon black using natural gas 
and aromatic.o,ll respectively (IEA GHG, 2QOI). 

3.53.5 Te(ihn%gie,'1based on caldum oxide 
There is arangy ofpre~cOlT)busiionsys(el1ls that make use of the 
carbonation reaction of OlO tit high pressures and tem pel'attl res, 
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to further integrate the gasilic~ltiorf of the fuel (if solid). the 
~bift reaction,and In-situ CO2 rernovulwith CaO. The overall 
reaction aimed in the system is: 

Carbonation of cakium oxide: 
eno + C + 2 H20 ~ CaCO" + 2H,' (5) 

The regeneration of the. sorberil prodllces pure CO, when 
ca.-ried out in a separate reactor by calcining CaC0

1
_ A range 

of systems catl be developed under this. generai reHction 
scheme depending on the technology adopted for gasillqtion. 
carbonation-calcination, hydrogen lItilizatkin route and storage 
option for C(\. The flrstof these concepts was proposed at {be 
Los Alamos National Laboratory (USA) and is currently undei' 
development. as theZel'O Emission Coal Alliance (ZECA) 
process, The fulJ systeminc1udes (Lackner.et al., 200 n a hydro;. 
gasification reactor, solid oxide fuel cell and a technology for 
mineral carbonation. However, the fuel cell will requite more 
development and mineral carbonation is only at the laboratory 
im'cstigation stage (see Section 7.2 fora discussion of mineral 
carbonation). 

The HyPrRing process (Lin eJ ilL, 2(02) is being developed 
by the Center for Coal lJtilizationbf Japan, It integrates 
gasification, ref(}rming and ill situ CO

2 
c<ipture in usingle reactor 

at pressures above 12 MPa and tempcratllre above 65OOC:. 
Projects in Norway using natural. gas and in Germany using 
brown emll. (Bandi e.t al .. . 2002) are also underway developing 
pre-combustion systems using capture of CO). :with CaO. Finally, 
General Electric (Ri1.eq el al .. 20(2) is developing an innovative 
system involving the capHireof COl In the gnsilkation reactor 
by a high tempei'tltUl'C sorbent and with calcination in a separate 
reactor by burning palt()f the fuel with .in ()x'ygen carrier. 

AU these systems are at ail early stage of development. 
Detailed process simuJati()ns show that the efficiencies are 
potentially high because most of the energy employed for 
sorbent regeneration is e,ffectively transferred to the H2 generated 
in reaction (5), The systems arc aimed at very Im'gccscale 
genenition of eleqricity and/or H1 and cememproduction (from 
the deactivated sorpent, CaO), However~ many uncertainties. 
remaincoJ1cerning the performance of the individual units 
and their practical integratipn. The main challenge may be the 
regenenlt.ion of the sOJ'bent at very high tcmperatures (>900(jC), 
to produce a pure strearn of CO

2
, Another is the operating 

cOllditions to achieve sufficient conversion towards hydrogen. 
without the use of a catalyst for the shif~ reaction. 

3.5.4 Enabling technologies 

The performance ~md .cost ofa pre-combustion captili"e system 
is linked to the availability of the enabling technologies that 
complete the system. In this section we consider the availability 
of industrial systems, to produce h.C'ut from the de-carbonized 
fuel and gus turbines and fuel cells to produce powel~ 
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3~5,4.1 Use oj de"carhollized luetin industrial s'yslems 
Thc>use ()fhydrogcn as a fuel for conventional flred heaters 
andboilers is cOf1sidered to be proven and indeed it is practiced 
at certain industrial sites. There is a very large stock of capital 
equipment of this type and so the use of hydrogen as a fuel 
riltght be considered a valuable technology option in a carbon
'constrained world, A study (lEA GHG, 2000c) has looked a( the 
C()st of converting an existing refinery to usc hydrogen fuel 

3.5.4.2 Use ofde~c(lrbol1izedfilel in gas turbirw systems 
Thcrcis extensive commercial expei'ience with hydrogen-rich 
fuelgns tIring in gas turbines. For example, General Electric 
reports over 450,000 hom's of operating experience with 
high hydrogen (52-95% by volume) content fuel gas in gas 
turbines (Shilling and Jones, 2003). Unf(.munately, most of that 
experience isfi:)r 'refinery gas' where methane is the other main 
cornlJoncnt of the fuel ga.'S and is utilized in older lower firing 
tClnperature gas turbines, not the state~of-the-art overt 300°C 
gas turbines normally considered for large de-carbonization 
pO\vefplan ts, 

Norsk: Hydro and General Electric collaborated to perfonn 
full;;scah': combustion system testing for inodern gas turbines 
hringhydi'bgel1~rich gas with combustion exit ternp(~ratllres of 
~lbhve140{}OC' (Todd and B~mista, 2001). The results showed 
g8ddcol11bustion conditions with low NO,\ emission and 
at:cepWhle Imt metaltempCl'atures for mixtures with 54·77% by 
voilime hydrogen with most of the additional gas being nitrogen. 
Dilution of thehydrogen\vith nitrogen or steam reduces the 
NOx emission, 

For pre-combustion capture of C01 from natural gus, 
air.:blown gasification or aittothermal rtft)rming is usually 
prefel'red(IEA GHG, 2000b; Wilkinson and Clarke, 20(2). 
Nitrogen dilution of the hydrogen f(~qllired for firing in modern 
gas t~rbines comes from thcgasHicathill air. High-presstirc air 
is usually e iiJruc ted from the gas turbine to feed the air-blown 
gtlsifief,or alltotherril~l) reformer to rcdilce costs and avoid a 
sepatateair compressor, The balance between the amount" of 
air· \vithdrllwn 'from the gas turbine and the amount ' prov ided 
frorri~~eparate air cOlllpressor is determined by the particular 
th'lra6t~dsticsof the gas turbine used. Some gas (urbinescan 
accept~thigherrtltio of expander lOcomprcssor !low, allowing 
greatc(vbl'mnes of dilution gas or smaller air-sid~~ draw now 
and giving higher power output. 

For pre'-combustion capture of Co" from coal, oxygen
blown gasification is usually preferred (lEA (lBO, 20(3). 
Nitrogen dilution of the hydrogen required for firing in modern 
gas turbinescmnes from the cryogenic ail' separation unit (used 
to make the oxygen; see Section 3.4.5,1), The nitn>gen is added 
to the hydrogen after the gasification, CO shifting and CO2 

dlptureto reduce the equipment sizes and cost. High-pressure 
aids usually extracted from the gas turbine to supply a higher 
than normal pressure cryogenic air separation 1II1it to reduce 
costs plus air, oxygen and nitrogen compression power. An 
alternative IGCe scheme that incorporates newly emerging ion 
tnmspol1 membranes for oxygen production is also described 
below in Section 3.5.4.3. 
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3543 Syilgt1,~ productiol/ using o~\'ygen membranes 
Oxygen required' for a coal-tired IGCC process (Section 
3.5,2.6) can be generated in an oxygen transport membrane 
system by using ~I heated, high-pressure air stream produced by 
heating the discharge air from the compressor section of a gas 
turbine (Allam et aI., 20(2), typically at 1.6MPa or420°C. to 
the precise inlet temperature of the oxygen tranSp0l1 membrtlne 
module whkhis above 700°C. The oxygen, which permeates 
(0 the low-pressure side pas~cs through a heat recovery secti(m 
and is compressed to thefhml pressure of use, The OJ depleted 
air leaving the oxygen transport membrane module then enters 
the gas turbine combustor where it is used to burn fuel before 
entering the gas turbine expander at the required temperature. 
Note that due to the necessity to have ex.cess airin a gas turbine 
to limit turbine inlet temperature, removing one mole of oxygen 
can be cornpensateli by injeCtion of the equivalent thermal 
captwity of steam to maintain gas turbine power output Studies 
have been carried out (Anl1strong et cll., 20(2) to compare 
oxygen tnmsport menibrane and cryogenic oxygen production 
in an IGCe power plant using coal as fuel. The oxygen plant 
projected cost was reduced by 35% and the power consumption 
by 37(lti. An LHVefficiency of 41.8(0:iwithout CO, capture and 
c()rnpression is reported for this cycle compared to·40,9% wilen 
a conventional cryogeni(; oxygen platH is used. 

For autothermal reforming orthe partial oxid,ltion of natural 
gas, if the permeate side of the,ox.:ygen tnlllsportmemlmmeis 
exposed to a natural ga!'i plus \vatervapour stream in the presence 
of a reforming cataly'st, the oxygen will react as it lettves the 
membrane in an exothermic reaction (Dyer et aL 2001 ; Carolan 
e! aI., 200 I), \vhich will provide heat forthe endothermicsteaml 
'natural gas reforming reaction, The oxygen partial pressui'o at 
these highly-redilCing, high tempenltllreconditions is extremely 
IO\\i, allOWing heated ilir at dose to atmospheric pressure to be 
used on the feed side of the membrane, while produCing a H> 
+ CO mixture at high pressure from the permeate side.Thi~ 
system can be used to produce H, following CO shift reaction 
andCC\ removaL -

3.5.4.4 Chemical looping gasification/reforming 
The chemical looping concept described in 3.4,6 is being 
considered for refonningof a hiel to produce H~ and CO (Zafar 
t!t aL 20(5). \Vhenthe amount of oxygen brought by the 
IllCtal oxide into the reduction re,\ctor is below stoichiometric 
requirements. the chemical reaction with the fuel produces H~ 
and CO. The reaction products· may subsequently be shifted 
with steam (() yield CO] and more H}> 

35.4.5 Use ofde-carhonizedfuel injilei Cl,ils 
Fuel cells offer the possibility for' highly efficient power 
production since 'the conversion process is not controlled by 
heat to work Camot cycle restrictions (Blomen and Mugerwa, 
\993).ln general fuel cellsJeature the electrochemical oxidation 
of gaseous fuels directly into electricity, avoiding the mixtureof 
the air and the fuel t10vvs and thus the dilution with nitrogen rand 
excess oxygen of the oxidized pt'oducts (Campanari, 2(02), As 
a result. the anode outlet stre.am ofa fuel celt already has a very 
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high COl content that simplifies the CO2 capttire sub$ystem, 
The fuel. is Ilbrmally natural. gas, though some concepts cal) 
also be inc91"9rated into COllI gasification systems. The systems 
conc¢pts can pe' clilssitledintotw{)· main groups (Goettlicher, 
1999)~ 

Systems W:ith pre-fu~l ,~ell CO
2 

capture; 
Systems withposhfuelcell CO:?, capture~ 

In pre-fuelc~lICO;capt\lresystems (see Figure 3,I.8a) the 
fuel is firsF.co~1Vcrted.intohydrogen using steam· reforming or 
coal gasificattom foll()w~dby the water gas shift conversion. 
This system approach has been. first proposed, both for !()\v 
temperaturennd for high temperature fuel cells. 

The post-fuel cell capture systeril (see Figure 3.ISb) is 
proposed 1'01' Ijigh·telllperature fuel cell systems (Dijkstra and 
Jansen~ 2003). :These systems makeuscoftheintetnal refi:)fming 
capabilities of the high· tempeflllure fuel cells resulting in an 
anode off-gas'that,has.u .• high.CO;i",colltent; but also contains 
H!Oand uncQnverted COundHl~ The \vatercaneasily be 
r~moved by 'convelltiorial techniques (co()ling~ knock~out. 
additional dryl,ng);.OxidizingtheH1and CO from the.(SOFC) 
anode with ail; will result in a too high dilution of· the stream 
with nitrogen; : 

Haines (1999}chooses to use an oxygen-transport membrane 
reactQf placed ;after the SOPe. The anode off,.gasis fed. to one 
side of the membrane, the cathode off-gas is fed to the other 
side of the membrane. Tbe membrane is selective to oxygen, 

. which permeates fran) the cathode off-gas streali~ to the anode
offgas, In the lllcmbrane lllliuhe H2 lind CO;;u'e oxidized; ,,[he 

. retcnute of themembrnne unit consist of TO; and water. Finally 
a concept using.u water gas shift rnetnbrmle reactor has been 
proposed (Jansen andDijkstra, 2003). 

3.5.5 Status and out/oak 
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Figure 3.18~lFuei ceU systenl with pre-fuel cell CO, capture. The 
carbon~c()ntainingJ\lcf is first completely t()(}n~m.'d int~, a mixture of 
hydrogen and COl' HydJiJgen and COl are then sepanncd and the H:/ 
rich fuel is oxidizccJ in the fuel cell to produce electricity. The (:0, 
stream is dried and compressed for tnmsport and storage. '. 

Figure 3.18h Fuel cell system with poshJw;1 cell CO, capture; The 
carbon~containing fuel is first convertedinlo a syngas. The syngus 
is ()xidized in the ftlcl cell to prod\ICe electricity, At the outlet of th(! 
fuel cell COjis separated from the tIuegas,dried and compressed for 
transport and storage, 

steam to produce more H2 andeOr The separation of these two 
gases can be achieved with well~known, cornmercial absorption
desorption methodS, producing a CO, streamsuitable for stM~lge, 
Also; intense R(~Il e,fforts wot!ciwide are being directed tf)wan)s 

the development of new systems that combine CO, separatjon 
wirh soine of (he reaction steps, such as fhe steul~ r~forming 
of natural gas or water gas shift reac(jon stages, but it is liotyet 
clear if these emerging concepts (see Section 3.5.3) will deliver 
a lower CO

2 
capture .. COSL 

This section reviewed a wide variety of processes and fuel In power systems, pre~combustiOri CO, capture In natural 
conversion routes thut share a commonpbjective: to produce a gas combined cycles has not been demo·i1sfnHed, HOwever. 
cleafler·fuel stream from the conversion of a raw carbonaceous studies show that based on current state of the art gas turbine 
fuel into onethatcontainsJittle, orn6ne, of the carbon contained combined cycles, pre-combustion CC\ capture will reduce the 
in the original fuel. .. This apPI'oachnecessUI'i!y involves· the. efficiencyTrom 561

/0 tHY to 48% LHV (lEA! 2000b), In natural 
separation of CO., at some point in the conversion process; gas combined cycles, the most significant area for efficiency 
The resulting H,~rich fuel can be fed to ~l hydrogen consuming ilriprovement is the gas turbine and it is expected that by 2020, 
process, oxidizedina fuel cell, or burned in the combustion the efficiency of a lintural gas combined cycle could be as 
chamber of a gus turbine to produce electricity. In systems that high as 65% LHV (lEAGHG. 2000d), for such systems the 
opennc at high pressure, the en(~rgyconversion efficiencies tend efficiency with CO

2 
capture would equal the current state:-of-

to be higher vJhen compat'ed t.o equivalent systems operating the-art efficiency for plants without CO) capture, that is, 56<?kl 
at low pressUl;es following the combustion route, but these LHV, -
efficiency impwvements arc often obtained.at the t~xpellse{)f a Integrated Gasificatitlll Combined Cycles (lCiCC) are large 
higher complexity and capitalinvestmem in process plants (see scale, near commercial examples of power systems that can be 
Section 3,7). implemented \vith heavyoill'esiduestlnd solid fuels like (.:oa\ and 

In principle;aHpr~"9on1bustion ·systems arc subst(lntially . petroleum coke. For the embryonic coal-tired IGCC .technology 
similar in thcir;col1~ersion route~.anowimt for differences t~at ~vith the largest un.itrated at 331 MW~, future improvements are 
arise from the ;initial methexl employed f;r syngas production , expected. A recent study describes improvements potentially 
from gaseous. liquid or solid fuels and from the subsequent need . real.isable for bitulTliilQus coals by 2020 that cou Id reduce both 
to remove impu'ritiesthar originate from the fuel feed to the plant ellcrgy and rost-of-electridty penalties for C(}icapture to 
Once produce<ifthc syngns is first cleaned and then reacted wilh 13<;1-; c()mpafcd toa same base phmt without capt~re, For sllch 



Chapter 3: Capture of COl 

systems the generation efficiency 'with capture would equaJ the 
best efficiency realisable today withoutC0J. capture (i.e .. 43% 
LHV; lEA OHG, 2003). Notably, all the innovations considered, 
with the exception ofion transport membl'ane technology for air 
separation (which is motivated by many market drivers other 
than IGCC needs) invo!ve'noll- breakthrough' technologies, 
with modest continuing improvements in components dull. ure 
already established commercially - impn')vernents tbat might 
emerge as a natural result of growing commercial experience 
with.IGCC technologies. 

All fuel cell types are currently in the development phase. 
The hrst demonstration systems are now being tested,. with 
the largest units being at the 1 M\V scale. However, it will 

. take at least another 5 to 10 years before these. units become 
commercially available. In the longer term, these highly 

\cfficientfuclcellsystcms are expected to become competitive 
f'orpower genemtJon, Integrating COz capttirein these systems 
is relatively simple and theret'l)re fue,! cell power generation 
systelnsOfferthe prospeCt of reducing the C02capture penalty 
in terms of efficiency and (apture costs. Forinsttlnce. for high 
temperawre fuel cell systems'without CO). cupturc, ·efficiencic·$ 
thatexceed67% arcca\cuJatcd with an anticipated 7% efficiency 
h~dUction when CO

2 
captllre is integrated into the system 

(ransen and Dijkstra,2003). However, fuel cell systems lire too 
small to reach a reasonable level of CO, transpOlt cost (lEA 
01-10. 2()02a), but in groups of a total of c'~lpncity lOOMWe, the 
cosrofC01 transport is reduced toa mote acceptable level. 

MQststudiesagree that,pre-combustion systems may bc better 
suited tOii'nplement CO2 capturent a lower increrhental cost 
computed tb the same type of base tcchnol6gy without capture 
(Section3~7»bllt with a key driver affecting implementation 
being the ubsollltecost of the carbon emission-free product, 
or service prov.ided. Pre-combustion systems also have uhigh 
stTfttegic. in1pOftance. because their capability to deliver, in 
a large scale and at high t.hermal cfficicndes. a suitable mix 
of electricity; hydrogen and lower carbon-containing fuels or 
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chemical feedstocks in an increasingly carbon:..constraitted 
\\'orld. 

3.6 Environmental, monitoriilg, risk and leg:·l1 
aspectscof capture systems 

The previous sectiolls of this chaptel~ focused on each of the 
major technologies ~md sy;,;tems for COt capture. Here we 
summarize the major envirOnmental, regulatory and risk issues 
associated with the use of CO:zcapture technology and the 
handling of carbon dioxide common to all of these systems. 
Issues related to the subsequent transport and slorageof carbon 
dioxide are discussed in Chapters 4 to. 7. 

3.6.1 Emissions alld resource lise impacts o..fC01 
capture systems 

3.6.1.1 Overview.()j emission~~from ('apture systems 
Pkmts with CO2 capture would produce a stream ofconcehtrated 
CO

2 
for !'>torage,phls inmost CitSCS a flue gas or Vcnt gas emitted 

to the almpsphere and liquid \VHstes, In smile cases solid wastes 
will also be prodllectl. 

The captured CO2 stream may contain impurities which 
would have practical impacts Oil CO2 transpon and storage 
systems_ nnd also potential health. safetyu'nd environmental 
irnpzicts. 'The types aild concentrations of impurities depend.6n 
the type of capture process, as shown in Table 3.4, and detailed 
plant design~ The majorimplirities in Co., are well knownbul 
there is little published information on the fate of anytrnce 
impurities in the feed gas such as heavy metals.lfsubstmices 
,lre captured along with .the CO

2 
then)heir net emissions to the 

atmosphere will be redticed, bllt impurities in the CO
2 

nlity 
result in environmentaliItlpacts at the storage site. 

CO} from most capture processes contains rnoistUl'e, which 
has to be removed to avoid corrosion ::lncl hydrure fOltnation 
during transportation. This can be done llsingcohventiotlal 

'mb)~3~~Concentrations of imptlritlcs in dried CO2, % by volume (Source data: lEA GHG, 2003;IEAGHG,2004; IEAGHG, 2(05). 

COAL FIRED PLANTS 

Post~combtlstion capture <OJ)! <0,01 0 0 0 () 0.01 0.01 

Prc*coinbu'stio" capture ((Gee) 0 0 0.01-0,6 0.8-2.0 o.cn~o.4 0.01 OJI3·0.6 2.1·-2.7 

Oxy-fucl 0.5 OJ)J 0 0 0 0 3.7 4"" .k 
.•..• --.............. -." ... .,.-~ .... ----.. .... ~~.-.-.-...... ---... --------
GAS FIRED PLANTS 

post-combustion cuplllrc <0.01 <0,01 () 0 0 0 OJ)) 0.01 

Prc-combustionc<lpturc 0 0 <0.01 1.0 OJ)4 2.0 1.3 4.4 

Oxy-fuel <0.01 <0.01 0 0 0 0 4.1 4.1 

'J. The SO~ coocelllration for oxy-fuel and the maximum HiS colKcnlrlllinn for prc-COmbUtilioll capture arc. for eascli wherelhcsc impurities ure dclibcnttcly 
kft in the CO" 10 reduce l.he costs of capiuN (see Sedion 3.6,1.1). The i.'On~:elllratjonsshoWn in the table nre based on USc of en"l with" sulphur conte'll! ~)f 
O.86<:fJ, The cc:nccnll'uiiolls would he directly proporli(mailo the fuel sulphur content. 

b. The oxy-fue! cose indlldescryogcnic purification of the CO! 10 s,~punile ~omc o(theN~, Ar. (\ and NO,. RCll10vill of thiS unit would increase. iinpurity 
concentrations but reduce co!;\s. 

c. For all ted;n()!ogics. Ihe impurity coll{\mlmtions shown in thc lablec()uld be reduced at higher capture costs. 
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processes and: the costs of doing so are included in published 
costs of COT capture plants. 

CO2 from, post*combustion solvcntscrubbJng processes 
norrrwlly contains loW concentrations of impurities. Many of 
the existing pqst-combustion capture plants' produce high purity 
CO~ for use in the food illdustry (lEA GHG, 20(4), 

CO2 fronl pre"'(,':OInbustion physical solvent scrubbing 
processes typically contains about 1-2t?ilH2 and CO and (races 
of HoS and otber siJlphlir compounds (LEA GHG, 2003). lGCC 
plants with pr~-combustjon C~lpturecan be designed to produce 
ucombined streumof CO" and sulphur compounds. to re.dllce 
cosl'l llnd .avoid the .. production of solid sulphur (IEA GHG, 
20(3). Combi.ned streams of CO~ and sulphur compounds 
(primarily hY9rogen sulphide, H?~;) are already stored, for 
example in Canada, aSdiscussedi'n Chapter 5. However. this 
option would only beconsidel'ed in circumstances where the 
combined stre~nl could be transported andstorcd in a safe and 
en\iironmerttally acceptable manner. 

The CQ,,,d,c.h gas from oxy-fuel processes contains oxygen, 
nitJ()gen. argon, SUlphur and nitrogen oxides and vorious other 
truce impurities. This gas wiI1mirmalJy be compressed and 
fed toa cryogenic purification process to reduce the impurities 
concentrations: ti) the levels reqllired ((> avoid t\-\,i(i-phase flow 
conditions in.:the tnmspOltlition pipelines. A 99.99% purity 
could be produced by .induding distillation in the cryogenic 
separation unit Alternatively, the sulphur and nitrogen oxides 
could be left in the CO2 , fed to ~torage in. ciJ'cumstances where 
thilt is ellvjronillcntally acceptable as described above for pre:.. 
combustion capture andv,,'hen the tolal amount orall impurities 
left in the CO, is low enough to llvoid two-phasetlowconditiolls 
in tntnsportati()n pipelines. 

Power plants witll CO) capture would emit aC01~depleted 
tluc gas to the atmospherc~ The ccmcchlratiol1s qf mostharl1lful 
substanccs in ~he flue gas would be similar to or lower than 
in the illJC gas Trom plants i.vithtnit COl capture, because CO2 

capture proceSses inherently retn()vesorne impurities and 
some other in1purities have to be removed upstteam (Q enable 
the CO) C~lptllre process to operate effectively. For example, 
post-cornbustion solvent absoll)tion processes· require low 
concentrations ;of sulphur compounds in the feed gas to avoid 
l~xcessive solvent loss, but the reduction in the concentration 
of an impurity 'nuiy still result ina higher rate of ernissionsper 
kWh of prooutt. depending upon the actual amount removed 
upstream and :the capture system energy requirements. As 
discussed below (Section 3.6.1.2), the latter measure i~ more 
relevant for erivironmental assessments. In the case of post
combusti()ll solvent ctlpltirc, the fiue gas may also contain 
traces of solve~t and amrnonia produced by decomposition of 
solvent. 

SorneC02captur~ SYStCI11S produce solid and liquid wastes. 
Solvent scrubbIng processes produce degraded solvent wastes, 
which would be incinerated or disposed of by other means. 
Post.,colnbustiQneapture processes produce subswntiallymore 
degraded solvent. than pre-combustion capture processes~ 
However, use ofnbve! post~c(}l11bustioncapture soh/ents can 
signitic:.mtty reduce the qm\ntit)) of \vastc compared 10 MEA' 
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solvent,as discussed in Section .33.2. L The waste from ME/\ 
scrubbing would nOl'01ally be processed to. remove metals al1d 
then incinerated. The waste can also be disposed of in cement 
kilns, where the waste metals become agglomerated in the 
cliriker (lEA GHG, 20(4). Pre~combustion capture systems 
periodically produce spent sbift and reforming catalysts· and 
these would be sent to specialist reprocessing and disposal 
facilities. 

3.6.12 Frametvorkjbrt'valuating cllptilre ,~)'sll~m ilnpaclS 

, l\'S discussed in. Chapter I, the frame\vOi,k used rhrtitighoutthis 
reportt'o assess the impacts of CO], captilrc and storilge is based 
on the I1lnlcriaJandcnergyl1ows needed to produce a uilit of 
product from aparticular process. As seen earlier in this chapter; 
CO, capture systems require an increase in energy use for .their 
()pe~ation.As defined in this report (sec Section 1.5 and Figure 
1.5), the energy requirement associated with CO) capture is 
expressed as the additional energy required to produce a unit 
of useful product, such .as a kil(}watt-hour of electrkity (for the 
case of a power plant). As the. energy alldfesource requirenlent 
for COl capture (which includes the entwgyncededtocompl'ess 
CO, for subsequent transport and storage) is typically lTlllett 
huger than for other emission control systems, it has important 
implications for plant resource reqllirementsand environmental 
emissions when viewed from the) 'systems' perspectivcof 
Figure 1.5, 
In general, the.cCS energy requirement per Uliit of product can 
be expressed in tel'msof the change in net plant efficiency (Tl) 
when the reference plant \virhout capture is equipped \vith a 
CCS system: l 

(6) 

where tlE is the fractional increase in plant energy input per 
unit of product ;undllw; and Tle

d 
an:~ the net efficiencies of the 

captuI<c plant and reference plant, respectively. The CC;S energy 
requirement directly determines the increases in plant-level 
resource C(HlSlImpti<:>n andenvironmenml burdens associ,lted 
with producing a unltof useful product (like electricity) 
while capturing CO,. In the case of a power plant, the larger 
the CCS energy requirement, the greater the increasqs per 
kilowatt-JlOuJ' of in~pla:nt fuel consumption and other resource 
requirements (such as water, cheinicals H11d reagents)l as well 
as environrnent411 releases in the· form of solid wastes, liqll id 
wastes and air pollutants not captured by the CCS system. The. 
magnitude of ,1£ also determines the magnitude of additional 
upstream environmental in1pnctsassociated withtheextractiorl, 
storage and transport of 41ddition'll fuel and other resources 
consu.rned auheplant. However, the additional energy f()rthese 
upslreanl activities is not norn'lally included .in the reported 

, A differ~llt mellsure of the 'energy penlilty'colllmon!y rcpol1i;~d in the likrilhin: 

IS the fractional deCl't!<lSe in plant output {plant derating) for a tixed energy 
input. This value can be expressed at>: /'..E" "" I " .. (TI.,./ll,,;,). Numc'rkaHy, i\E* 
is smaHerthan lhe valUi! of t!.E given by Equation (6). For exaillpte, 1I plurit 
derating of o.E*::: 25% corresponds to all incn;:Hsc i.1I energy input per kWh of 
.6.E= 33%. 
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emSrgyrequirelnents for CO) capture systems.2 

Recent literature on (=O~ capture systems applied to 
eiCctric po\.ver plants quantifie~the magnitude of CCS energy 
requirernet'lts for a range of proposed new plantdesigllswlthnnd 
withdU( CO

2 
capture. As elaborated later ill Section 3.7 (Tables 

3.7 to 3.15), those duta reveal H wide range M AE values. For 
new supercritical pulverized coal (PC) plants using current 
technology, these AE values range from 24-40%, \;vhile for 
natural gas combined cycle (NGCC) systems the range is II %u._ 
22% and for coal-based gasification combined cydc (lOCC) 
systcn1S it is 14%-25%. These ranges reflect the combined 
effects of the base plant efficiency andcaprure system energy 
requireillents for the same plant type\.vith and without capture. 

3.6./.3 ResOlirce and emissi"oll impacts .If)" current systems 
Only re(,'entlyhave the environmental and resource implications 
of CCS enetgyreql1iretncnts been disctlssed and quantified 
f6r a variety of current CCS systeQ1s. Table 3.5 displays the 
3.ssmnptions and results from a recent comparison of three 
cominOll fossil fuel power plants employing current technology 
to capture 90% of the CO, pr6dllced (Rubin et (il.. 20(5). 
hicJ;'cascsinspecific fuel ct'lri"sumption relative to the refercnce 
plant without CO, capture correspond directly to the AE 
vah.lcsdetinedabove. For these three cases, the plant energy 
requirenlent per kWh increases by 31 fIe for the PCplant. IM'o 
for the coal-based IOCC planu111d 17% fnrthe NGCCplant.Fol' 
the specific examples used in Table 3.5, Ihe increase in energy 
consumption for the PC and NGCC plants arc itl themid .. range 
of the values for these systems reported later in Tables 3.7 to 
3.15 (see also Section 3,6. I .2), \vhereas the IGCC case is nearer 
the low end of the reported range for such systems. As !lresult 
of the increased energy input per kWh of output, additional 
resource requirements for the PC plant illclude proportionally 
gre ute r amounts of coal. as\veU as limestone (consumed br
therGD system for SOl control) and ammonia (consumed by 
theSCR system for NO, control). All three plants additionally 
reql1irclnore sorbcnt make~up for the CO}. capture units. T.ible 
35al80 shows the resulting increases in solid residues for 
these three cases. In contrast, atmospheric emissions of e()~ 
dCc;fease sharply as a result of the ces systems, which als(; 
remove residualanlountsof other acid gases, especially S(\ 
in tluc'gaS: streams. 'rhus; the c()~\lcombustion system shows a 
net i'eduction in SO::. erriission mle as a result of CO2 captlite. 
HOwc\ier;bcct1l1sc ofthe reduction in plant efficielicy. other air 
emission rates pCI' kWh increase relative tel the reference plants 
\i/ithoutcapture. Fc)r the PC and NGCC systems, t.he increased 
emissibnsof ammonia are a result of chemical reactions in 
the amine.:basedcapture process, Not included in this analysis 
are the increinenral impacts of upstream operations such us 
mining; prOcessing and transpot1 of fuels and other resources. 

! Those additional energy r~qlljrelncols, if qmllllifkd. could be induded by re·· 
ddining the sys1cIn bound:irY and system efficli.'IKY krms in Equalion (6) to 
apply to the full life cycle, rather Ihiill only the power phml. Such .anana!ysis 
would r~~qllire additiooHi assumptions <lh(wi thc l11t:!liods of fud cxWirtioll, 
proccssing. trunsport to the power plan!, and the iI~sodakd energy requirements 
oflbost.~ l)cfiviric!i; ,IS wd! :.s the CO, !ossc~ incurred during storage. 

143 

Other studies, however, indicate that these impacts, while not 
insignificant, tend to he small relative to plant-level impacts 
(Bock et aL, 2003). 
For the most part, the magnitude of impacts noted above 
- especially irnpHctson fuel use and solid waste production 
- is directly propOitional to the increusedenergy per kWh 
resulting from the reduction in plant efficiency, as indicated 
by Equation (6). Because CCS energy requirements are one 
to two orders of magnitude greater than for other pmvel' plant 
emission cpntrol technologies (such lIS particlilatecollectors 
and flue gas dcsulphuritation systenis). theiIlustr~ltive results 
above emphasize the importance of il1'1ximizillg overall plant 
efficiency whilecontrollilig clwironmental emissions. 

3:6; fA Resource and emission iinpac!s offuture Sy'Slerils 
The analysis above coinpatcd the impacts of C02capture for a 
given plant type based oil current technology. The magnitude of 
actual ftltllreimpacts. however, will depend on four important 
factors: (I )the pcIformunce oftedmologics availabl~at the time 
capture systems are deployed; (2) the type of power plants tind 
capture systems actually put into service; (3) the total capacity 
of each plant type that is deployed: "nd, (4) the characteristics 
and capacity of plants they may be replacing, 

Analyses of both CUlTent and near-future post:,,\,~onibustion, 
pre-cornbu$tion lind oxy~fliel combustion capture technology 
options reveal that sOrile of the advanced s)istems currently 
under deveiopillenl promise to significantly reduce the capture 
energy requiremeilts- and associated impacts - whilestm 
reducing CO} emissions by 90110 or more, as sho\vnin Figure 
'-',19. DataiIi.this figure was derivedi'rom the studies previously 
reported in Figures 3.6an<1 3.7. 

Thetimctablc for deploying more cflkient plants with CO
2 

capture will be the keydere'rmihul1t of actual environmemal 
changes. If anew plantwithcap(ure replaces an older. less 
efficient and higher-emitting phml currently in serVice, the 
net change in plant-level emission impacts and resource 
requirements would be much smaller than the values. given 
earlier (\vhich compared identical neW plants with and without 
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Figure 3.19 Fuel use for a reduction of C(\ emissions from capture 
plants (data presented /l'om design studies for power plants with and 
witholltcaplllfc shown in FigurcsJ.6and 3.7). 



Table 3.5 Illustrative impacts of CCS eoergYI'I,,"quirements on plant·· level rt~SOl!rc<~ consumption and non-COl emission ntles for three current power plum systems. Values shown are mass 
How fares in kg per M\Vh for the c<:!pture plant,plus increases over the reference planl rates for the same plant type, See footnotes for additional details~ (Source: Rubin et at.. 2005) 

I ... .... . ... I ... . PC' .-r--- I(J.CC <i-· .'11 NCcd" --. -.-
L<,c:apture PlantParameier U

; ... . .' _.--:-----_. ."--. -, -. "':~. . .... ",'.' .: : .• '.;,. ..,; .:. ""'., .. / .. :. . .. ,:":.' ..•..••......• :... ,," "," .••••.. ;'. 

l .. ·.".·.:.-.' .. ,.· ...•.. , ... , .. :... .. · •... : ...•.. , ..... : ...... ,;; .. ~-.-.:-- --_.... ... - .. -....... -.·.· .. · .. · •. 1.·-........ , ..... '.-.. R~, t.e,'. d. ...... Increase. _. ::.....: J~,.at .. ,.e .•........... ,.,,' ..•... , .•.......••• -••.•.• -..... " .•........•.. , .. -..... E." ...•. ; ..•... :.'.-......•... ·;'. cl~~ -. >- -aore.+ ~lnciiili~c2 ----.. . -~--- . . . '~~ .. --
Resource consumption .' "" ,', .' . . (All valuesJrtkgl\l\Vlrl) 

Fuel. I 
LinleslOllc I 

! 

Ammonia' 

390 93 361 49 

27.5 6.8 

0.80 0.19 

2.76 0.005 I 

I 
.-' --' -.---.-----......... ---:-----,.......~~~~----..,..;-..-..,-.....,...,.---+----
ISoJjd.Wast~Slbyproduct 
~ 

Ash/slag I 
FGDresidues 

Sulfur 

Spent CCS sorb, 

CO2 

SO. 

NO, 

NH, 

2.8.1 

49.6 

In'") 

0.77 

0.23 

6.7 34.2 

I' ') 

I 7.53 

4.05 

-704 97 

-0.29 033 

0.18 0.10 

i 022 

43 

23 

0.80 

0,94 

.... 342 

0,02 

0~OO2 

" Net po\Vcr output ofull plal1ts is approximately 500 !vIW. Coal plants USt,;' Pittsburgh #8 coal with 2.1 (ii:,s, 7,2% ash, 5.1%' moistureitnd 303.1 MJ kgl lowcrhealing v<tlu~ basis 
(LHV), Naruralgas LHV::::: 59.9 MJ kg,i. All plantscapture90<!c of potential CO, emissions alldc(nupress to 13.7 MPa. 

l< PC;; Pulveriud <:oaJ-firedplant based on a supercritical unit with SCR, ESP and FGDsystems, followed by all amine systemii.)rCO:: capture, SCR system assumes 2 ppmv 
arnlll011iaslip; SO, removal effid\!ncy is 98% for refercnt:eplant and 99% for c:'iptan: plant. Net plant efficiency (LHV basis) is 40.9% without CCSand 31.2c/o with CCS. 

< IGCC:::inlegratcd gasificationcoinhined cycle systenlbased on Texaco qilCnch gasit1ers(2 + lspm'c), twoOE 7E-\ gas turbines, 3-pressure rehe,n HRSG~ Sulfur removal 
efficiency is 98% via hydwly;r.cr plus Sele;o:,oJ system; Sulfur recovery via qaus plant and Beavon-$tretford tailgas unit. Netpla.i1tefticiency<LHV hasis) is 39.1 % withom 
CCS and 33J~% with CCS. . . 

4 NGCC=natuntl gas combined cycle plant using [Wi) GE 7F'A gas turbines and 3~pressure reheat HRSG. with an amine system i(JrC02 capture, Net planteftldency (LHV 
basb,) is 55.8% without CCS and 47,6% with CCS. 
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capture). For ex.ample, the efficiency of a modern c()al-b~\sed 
plant with capture is close to rnany older coal-burning plants 
currently in service. Replacing the latter with the former 
would thus reduce CO, emissions significantly with little or 
no net change in plant e'aal consumption or related solid waste 
impacts. In some cases. there could in fact be net reductions in 
other plant emissions, in support of deunair goals. It~ however, 
the deployment of new CCS plants is delayed significantly, 
older existing plants could well be replaced by modem high~ 
efficiency plants \vithout capture. Such plants also would 
be built to provide additional capacity in regions with high 
electricity growth i'ates, such as in China tlnd other parts of 
Asia loday. A decade or two from now,the tled of 'existing' 
plants in those regions would thus look very different from the 
present. Accordingly, the environmental and resource impacts 
of additional new plants with CO2 capture would have to be 
assessed in the context of the future situation. 

Because comparisons of different plant types require a 
specific context (or scenario) to be meaningful, this chapter 
has only focused 011 characterizing the effects.of CO! capture 
systems relative to the same type of power plant and not the, 
type of infrastructure it would replace (either currently, or in a 
future carbon-constrained \vorld), If other systems such as the 
lise of renewable energy. orelectricityund synfuels cogenerated 
from coni, find signilicant appli':'ations, those systl~mSl()OW()uld 
require more comprehensive comparative life-cycle assessments 
of reSOUfl'e use andirnpucts that are not currently available, 
Chapter 8, however. assesses overall energy use impacts for 
illustrative scenarios of CCS deployment in competitioll wirh 
other carbon mi!.igation options. 

3.6.2 b.siles Fe/lllet/to the classificatioll of carbon 
dioxide as 0 product 

As a current commercial product, carbon dioxide is subject 
to ciassitkarion and regulations. The classification of carbon 
dioxide is dependent on its physical state (g(1s. liquid or 
solid), its concentration. impurities present and other criteria 
established by national legislative chlssifictlli()n in different 
regions of the world. Durii\g the capture and concentrtltion 
process, the quality properties can challge the clussificatlon of 
the substance, A detailed assessment of carbon dioxide physical 
and chemical properties is provided in Annex I. 

The environmental, monitoring, risk and legal aspects 
associated with carbon dioxide handling and storage are well 
established in the processing industry. However, much larger 
volumes are targeted for carbon dioxide processing for purposes 
of CCS than the volumes handled at present. 011 a local and 
regional level. additional emergencyrespollse and other 
regulatory measures can be expeCted in the future, depending 
on the rate of development of CCS. It is anticipated that human 
capacity will be developed to assess the monitoring, risk and 
legal aspects as required by the market. 

At present, carbon dioxide typically occurs and is mainly 
traded asa l10rdlamrnable gas (US DcpartmcntofTransportatiol1 
classification class 2.2), The classification system of Transport 
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Dangerous Goods. International Maritime Organization! 
International Maritime Dangerous Goods and International Civil 
AviatiOIl Organization I Inten1tltioti.,1 Air Transport Association, 
all Classify carbon dioxide in class 2.2, llon-tlammable, non
corrosive and non-poisonous gases. In US federal regulations, 
carbon dioxide is nollisted HS a product in the Clean Water Act 
reWA 307 and 311), Clean Air Act (CAA 112) or the Toxies 
Release Inventory. In other international. regulations carbon 
dioxide is not classi'lied in the European Inventory of Existing 
Commercial Chernic~lr Substance or other international. lists, 
t~ut in Canadi\ is classll1cd as a compressed gas (dassA) on the 
Canadian Energy Pipeline;\ssociation Dangerolls Substances 
List (Hazardous Substances Datu Bank, '2(02). 

3.6.3 TJealth and safety risks associated with carbon 
dioxide jJl'Oce ssillg 

The effects of exposureto carb()n dioxide are described in Annex 
L However. a risk assessment thaUncludes an understanding of 
both exposure and effects is required to characterize the risk for 
various situations associated with carbon dioxide processing 
(European Chemicals Bureau; 2003); see the following two 
sections for established risk management practices. Th~ 1110st 
probahle routes of human exposure to; carbon dioxide are 
inhalation or skin contact. The need fora risk·based apPf{)tlch 
is clear froni the follmvingtwo descriptions. Olrbon dioxide 
and its products of degradation Me not legally classified 3Sa 
toxk substance; is norl-hal.ili·dous on jnhal~lti{)n.is a m)ll~irl'itil1it 
and does not sensitize Or perrneatc the skin. Hmvever, chronic 
effects on humans fnllowfrom long4erm exposure to airborne 
carbon dioxide cOilcentratiolls of between 0.5 and I % resulting 
in metabolic acidQsis Hod increased calcium deposits in soft 
tissues. The substance is toxic to the cardiovuscular system and 
upper respiratory tract at concentrations above 3%; Sensitive 
populations to elevated carbon dioxide levels are described 
in Annex I. The product risk assessment process is therefore 
necessary as with any other chemical use to detemline the risk 
and establish the necessal'y risk man1lgemCllt processes. 

As an asphyxiate carbon dioxide presents the greatest 
danger. If atmospheric oxygen is displaced such that oxygen 
concc"trationis 15-16%, SigtlS of asphyxia will he noted. Skin 
contact with dry ice has caused s.criOlls frostbites and blisters 
(Hazardous Substances Data Bank, 2(02). Protective equipment 
Hnci clothing required in the processing industries include full 
face·piece respirators to prevent eye contact and appropriate 
personal protective clothing to protect the skin from becoining 
frozen by the liquid. 

].6.4 Plant t/esign principlesolld guidelines lised by 
g()vernmellts t inciu.vtries am! financiers 

New plant facilities like those envisi(med for carbon dioxide 
are subject to design guidelines for the petrochemical industry 
as determined by relev~\nt authorities. One example is the 
European Unions' Integrated Pollution Prevention and COl1tl'O.I 

(lPPC) directive requiring the application of the principles 
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of· Best AVnmlble Technology Not Entailing Excessive Cost 
(BATNEEC);: Carbon" dioxide captore and compression 
processes arei listed in sevel'ul guidelines as gas~processing 
facilities. Typically the World Bank guidelines and other 
financial· institlllionshavt! specitIc requirements to reduce risk 
and these reqliire monitoring (World Bank, 1999) which is part 
of routine plan'tmonitoring todetectaccidenWI releases, Investor 
guidelines' Iik:ethe World Bank guidelines are particularly 
impoi'tant for ~eveloping9ounu'ies where, there is less emphasis 
on.monitoring1and legislation., National and regional legislation 
for plant design and spedfitati9n,s from orgqnizationslike the 
US Environmental Prot/¢c ti on Agency are availa,ble toguide the 
development of technology; 

3.6.5COIkmissiollfng, good practiCe during operations 
and:soulldmallagemeJltof chemicals 

The routine engineering design,cornmissioning and start*ul) 
acrivi ties +lSSOC iated w ith.peirocllemkaFfacili ties areappl icab Ie 
to the capture ~mdcomp[essiollof(:a.rbon dioxide; for example 
Hazard Opet;alJility.srudiehare conducted ona Toutinebasis for 
new facilities (Sjkd~u~ tHld;Di\vekar. 1999). 

The Ihanagelnent of Cflrlion dioxide and reagents inside 
factory batter)' limits will be in accordance '"\lith the relevant 
practices in use forcarboll dioxide. F;OI'carbon dioxi<.ie. US 
Occupational 'Health and Safety Actstand,lrds and National 
Institute for Oycupational.Safetyund Health recommendati(ins 
exist, whi~h are applied widely in.industry to guide safe handling 
of carbon dioxide unci the same applies to reagents and catalysts 
used. Well established and externally audited management 
systems such 'as lrHcrnational Standards Organizution'sISO 
1400 I (environment) and ISO 900 I (qw;llity) and Occupational 
Health and Safety (OHSAS 18000} exist t9 provide assurance 
thatell\/irOlln~ent; safety, health and quality management 
systems ar~ in 1~lnce (American I nstitllte of Chemical Engineers; 
1995). Tools like life~cycleassessmeilt (ISO 14040 series) with 
the necessary boundary expansion methodology are useful 10 

determine the overall issues associated with a facility and assist 
with selectiOll()f parameters such as energy carriers, operational 
conditions and materials used in the. process. The life-cycle 
assessment will also indicate if a trouble-tree capture system 
does generate qnvironmenta) concernseisewhere in the product 
life cycle. 

3.6.6 Site ~losllre and remediation 

It is not anticipated t.hatcarbon dioxide cupture will result in 
, a legacy of polluted sites requiring rerilcd.iation after plant 

closure, assun~illg that standard operating procedures and 
management p'ractices in the previolis section are followed. 
However, depending 011 the technology used and the matei'ials 
procured for qperations. waste disposal Ht the facilities and 
operation i:1CC6rding .to ·il. ,formal management systemfn)m 
construction, operation to thl,! development of site Glosure plans 
will largely aS$ist [0 reduce the risk of a pol,luted site after 
c!OSlu'e of operations~ 

IPCCSpecial Report 011 ('urboll dioxide Capltire andSmrage 

3.7 Cost of CO
2 
cnpture 

This section of the report deals with the critical issue of CO~ 
capture costs. We begin with' an overview of the many fHctor; 
that affect costs and the ability to compare published estimates 
011 a consistent basis. Differeilt measures of CO

2 
capture cost 

also are presented and disclissed~The Jiteratureon CO, capture 
costs fbI' currently avaihlble technologies is then reviewed, 
along with the outlook for future costs over the next several 
decades. 

3.7.1 Faciors affecting COz cap/ureu}st 

Publishedeslimate$ for CO2 capture costs vary widely. mainly 
as a l;esult of different assumptions regarding technkal 
factors n~lated to plant designandopcnttion (e.g., plant size. 
net efficiency, fuel properties and load factor), as well as key 
economic Hild financial factors slichas fucl cost. interest rates 
and plant lifetime. A number of recent papers have addressed 
this isslle and identified the principal sources of cost differences 
and variability (Herzog, 1999: Simbeck. 1999: Rubin arid Rao. 
20(3). This section draws heavily on Rubin and Rao (2003) to 
highlight the major factors affecting the cost of CO~ capture. 

3.7J1 Defining tlj{~ technology of interest 
Costs will vary with (he choice of CO~ capture technology and 
the choke of po\vel'system or industr(al process that generates 
the COl emissions. Incngineering-econornic studies of a single 
plant orCO i capture technology. sl.lchdcflnitilms arc usually 
clear. However, where larger systems are being analyzed, such 
as . in regional. national or global studies of CO., mitigmi(jo 
options, thespccihc technologies assumed for en: production 
<lnd capture may be unclear or unspecified. In slIch cases, the 
c()ntext for r~ported c,ost results also may be unclear. 

3.7.1.2 Defining the ,~)'stem boundary 
AnycC(}nc.'Hnic assessment should clearly dehncthe 'system' 
whose CO., emiSSions and cost is being charactei'ized. The mOst 
common a~sumption in studies of CO

2 
captlli'eis a single f~ICi1ity 

(most often a power plant)that captures COl and transports it to 
un off~sitest()rage area such asa geologic fon'nation. The cn, 
emissions considered are those released at the facility before 
and aftcr capture, Reported costs mayor may not include CO2 
transport and storage costs. TlU! system boundary of iillert~JI in 
this St~cliOIl of the reporf incilldes ol1ly the pOlver plant or OIher 
process of interest and does nO! include CO

2 
/ranspori and 

storage systems,· }vhose costs are presented in later dwpters, 
CO) i:.~ompression,holVeV(;~r. is assumed 10 occur 'rvithill rhe 
facility boundary and therefore thicost (4 compression is 
included in tlu:~ cos! ofcaptw'e .. 1 

In somC! studies the system boundary includes emissions of 

) Alte.mativeJy.compression costs coulq be attrihuted wholly or .in part 10 CO: 
tntnliportnndstorage,Most ~wdi(~$, howevci',include comprc;;sioll \vith capture 
eos!. Thbulso fadlitat,~s c()rnpllrisolls of capture lechnql()gies thm operate at 
diffi:rent prcssurcs,anJ thus incur ditferent costs to achkve :t ,;p~~cif1ed tinal 
pressure. 
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CO
2 

and other greenhouse gases such as methane (expressed 
as equivalcntCO,) overthe complete fuel cycle encompassing 
not<onlythe pO\ver phmt or facility in question, but also the 
'upstream' processes of extraction, refining and transport of fuel 
used atthe faCility, plus any 'downstream' emissions from the 
use or storage of captured CO?" Still larger system boundaries 
might include all power plants in a utility company's system; 
all plants ina regional or national grid; or a national economy 
where power plant and industrial emissions are but one element 
of the overall energy system being modelled. In each of these 
cases it is possible to derive a mitigation cost for CO2, but the 
results arc notdircctly comparable because they reflectdiffercnt 
system boundaries and considerations. Chapter 8 discusses such 
differences in more delail and presents results for alternative 
systems ofinterest. 

311.3 De.filling the techilOlogy titne frame and maturity 
Another factor that is often unclear in economic evaluations of 
CO

2 
capture is theussumed time frame an(Vor level of maturity 

fort he technology understudy. Does the cost estimate apply to 
a faei lity that wOldd be bu i it today, or at some ftHurc' ti me? Th is 
is ,especially problematic in studies ·of 'advanced' techn610gies 
(hatarestilfunder development and not clirrently COnln1el'ciaL 
In most cases, studies of advanced technologies assuh1e that 
costs apply to an 'nih plant' to be built sometinie in the future 
whcl}tfie technology is mature, Such estimates I'cfkct the 
expectedbenelits of technological Jeal'11ing,but mayor may 
;not adeqmttelyacc()unt for the increl.lsed costs that typically 
occnrin thee4ll'ly stages of commercialization. The choice of 
technology time frame and assumed mte of cost improvements 
andcllntherefore make a big difference in CO~ capture cost 
estimates, 

3.7.1.4 DUferellf cost mt'aslires ahd Clsswnptiotls 
Thelitcl'uture reveals a number of different measures lIsed to 
characterize C01 capture and storilge costs, including capital 
cost; .. , cost ·ofelectridty. cost of CO, avoided and others. 
Because some of these measures are reported in the same units 
(e;g:.nS doJlars per tonne of CO) there is great potential for 
mi~4riderstanding. Furthermore, for any given cost rneasure, 
differentas~umplions about the technical, economic and 
financiaL parameters used incos{ calculations (:analso give 
fisc to large differences in reported capture costs. Section}. 7.2 
elabomteson some of the common metl;es of cost and the 
pafal11ct.ers they employ. 

3];2 Measures o.fC01capture cost 

We define four common measures of CO
2 

capture cost here: 
capitul cost, incremental product cost (such as the cost of 
electricity), cost of COl avoided and cost of CO;: captured 
or removed, Each of these measures provides a different 
perspective on CO

2 
capture cost for a particular technology 

or system ofioterest. All of thern, hO\vever, represent an 
'ellgii1eering economic' perspective showing the added cost of 
capturing CO2 in a particular application. Silch meaSlIres are 
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required to address largerqnestions stich as which options or 
strategies to pursue - a topic addressed later in Chapter 8. 

3.7.2.1 Capital cost 
Capitnl cost (also kno\vn 'as investment cost or IlrSl cost) 
is a widely used, albeit incOinplete, metric of the cost of a 
technology. It is often I'eported on a normalized basis (e.g., cost 
per kW).For COi capture systems, the capital cost is generally 
assumed to represent the total expenditure required to design, 
ptli'l~haseand install the system ofinteresL It may also include 
the additional costs Qf ()ther plant components not nc.eded in 
the absence of n CO2 capture device, such as the costs of an 
upstream gas puri Ii cation system to protect the captur.e device. 
Such costs often arise in complex facilities like a power plant. 
Thus, the total incremental cost of CO2 capture fot· a given 
plant design is best deternlined as the difference in total cost 
between plants with and without COl captui'e, produCing the 
same amounts of useful (primary) product, suchase!ectricity. 

Differentorganizations empJoydifferel'lt systems of accounts 
to specify the elements of a capital cost estimate. For electric 
power pl~lI1tS, one widely llsed pi'ocedureis thai detlned by 
the Electric Power ResNnch Institute (EPRI, 1993). However, 
bel~allse there is no universally etnployed ,nomenclature 
or system 'of accounts, capital costs reported by different 
organizations or authors. may not "I ways include the same iterps. 
The terms used to Jeportcapital costs may furtherdisguise such 
differences and 'lead h) misunderstandings about what is and is 
not i'ncluded. For exmnple. power plant cost studies otten report 
a value of capital cost that does not include the cost ofinterest 
during cOl1structiOll or other sOMculled 'owners costs' that 
typically add lit leilst 10-20% (sonh~times substailttally tnore) 
to the 'total capital requirement' ofa system. Only iffl capital 
cost breakdov,in is reported can such ornissitms be discovered. 
Studies that filH to report the year of ~l cost estimate introduce 
further uncertainty that may affect cost comparisons; 

3]2.2 Incremental producrcost 
The effect of CO2 capture on the cost of electricity (or other 
product) is one of the most impQrtant measures of economic 
impact. Electric power plants,a rnajorsource of en, emissions. 
are of particular interest in this regard. The cost electricity 
(COE) for a power plant can be cukulutedas:4 

COE == [(TCR)(FCF) + (FOM)II[(CF)(8760)(kW)] + YOM + 
(HR)(FC) (7) 

where, COE ;;;::·Ievelized cost of electricity (US$ kWh'I), TCR 
:::: total capital requirement (US$), FCF:::: fixed charge factor 
(fraction YI~I), FOM == fixed operating costs (US$ )Tl), YOM 
:::: variable operating costs (US$ kWh':), HR = l1t::t plant heat 
rate (kJ k\Vh'I), FC :::: unit fuel cost (US$ kJI), CF::: capacity 

, For simplicity, th,~ value of FCF in Eqimlloll (71 is applied 10.the h)tllicapitill 

requirement More dcta.ilcd cu.kulali6ns of COE ba~cd on a year-by-yeur 
!'U1ulysi~ apply the FeF 10 the IOlal c;\pitill cost excluding f>WT1C!"S Gosts (su(~h 

as intt-rest during t:~)nstruetion), \vhieh arc separately ,lccounkd for in (he years 
prior tn plant stan-up. 



148 

factor (fraction). 8760 = total hours in atypical year and k\V 
:: net plant power (kW). In this chapter, the costs in Equation 
(7) inClude only the power plant and capture technologies and 
not the additipnal costs of CO2 transport and storage that are 
reqtiired for a complete system with CCS. The incremental 
COE is the difference in electricity cost with and without CO2 

capture.' Agaiq,.the values reported here exclude transport and 
storage costs. Full CCScosts are reported!n Chapter 8. 

Equation ('7) shows that Inanyfactors affect this incremental 
cost For example, just as the total capital cost includes many 
different items, so toodothe fixed and variable costs associated 
with plant operation and maintenance (O&M). Similarly, the 
fixe.dchargef~lCtor (FCf~also kno\'\'n as the capital recovery 
factor) reflects assumptions ahout the plant lifetime and the 
effective interest rate (or discoUllt rate}used w amortize capital 
costs,!) Assumptions about any of the factors in Equation (7) 
can have a pr\mounccd.effect on·overaH cost results~ Nor utc 
these factor~ .ill independent of one another. For example, the 
design heat rate of anew power plantrnay affect the totalcapital 
retluirClllent sipce high;.efficicncy plants u$ually arc more costJy 
than lo\ver-effrcicncy designs. 

Finally, becaiJse . .severaJo( the· parameter values in Equatiqn' 
(7) may changeover the operating life of a facility (such as 
the capacity factor, unit fuel cost, or variable operating costs). 
the value of COEalso may varyfrorn year fa year. To. include 
slich effects, an. economic evaluation would calculate the net 
prosent value (NPV) ofdisc()untedcosts based on a schedule of 
year~to~year c9st· variations; in lieu of the simpler fonnuJation 
of Equation (7). However, most engineering-economic studies 
use Equatioll (7) to calculate a singlevulue of 'Ievelized' COE 
over the assurrll:~d tife ()fthe plant. The levclizedCOE is tbe 
cost of electricjty, which, if :;uslained over the ()per:lting life of 
the ph,nr, wou!d produce the sanie NPV as an assumed stream 
of variable yeai'-to-yeat costs. :In Inost eCOIlornic studies ()t~ COl 
capture, however, all pal'ameter values in Equation (7) are held 
constant, reflecting (either implicitly or explicitly) a lcnJized 
COE over the life of the plunt.7 

3.7.2.3 Cos.t: o/C02 avoided 
One of the most widely used measures for the cost of CO2 capture 
and storage IS the. 'cost of CO2 avoided. 'This value reflects the 
averagt;: cost of reducing atmospheric CO! mass emissions by 
one unit while ,providing the sameamounl of useful product as 
a 'refercllc,e plant; without CCS. F()f an electric pow~r plant the 
avoidance .cost: can be deHned as: 

~. For CO., capture systems. with large auxiliHry ~mergy requlremenls, the 
magnitude-of incremental co~t also depcnds bn whether the plant with captl.lre 

is assulll.cd to be a iarger fae iliiy producing the Sill!\C net OlitpUI as the reference 
plant without clipture, ()r whether the refcrenceplant is simply dera!ed 10 wpply 
I.he ma.iliury energy, While the lutter assumption ismosi ('011111100, the f6rmer 
yields a snmller incremental cost due to economy-of~scale effects, 
Ii filits simplest for;ll. feF can be caicuillledJrom the projecl!lfelimc. n (years), 
Ilnd unnuallriterest· raIl', f {fracliori), by the equation: FeF", i! [1· .. · (I + it~ ]. 
, Readers nOJ familiar \vllh these economic concepts Mid crilculations may wish 
to consult a \:l(lsk econrililics Ie",!, {)I' referenc(~s such as (EPRI. 1993) or (Rubin. 
200 I) for more detilils. 
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Cost of CO2 avoided (US$/tCOz) = 

[(COE)qpWf~ ..... (COE)refJ I [(CO:kWh'!)rtr ., .. (0\ kWh,l)caPlureJ 
(8) 

where, COE;;;:: levelized cost of electricity CUSS kWh·]) as given 
by .Equation (7) andCO~ kWh- l = CO~ mass emission rate (in 
tonnes) per kWh generated, based on the net plant capacity for 
each case, The subscripts 'capture' and 'ref' refer to the plant 
with and without CO, capture. respectively, Note thatwbile this 
equation is cOl11monly used W i'eporta cost of CO~ avoided for 
the capture portion ora full CCS system, stricti); speaking it 
should be applied only to a complete CCS system including 
transport and storage costs (since. aU elements are reqUited to 
avoid emissions JO the utmosphere ). 

The choice of the reference plant without CO? capture plays 
a key role ill detetmining the CO~avoidance cost Here the 
rejl."'rence plant is aSslfIlw.d lobe a~plant (?f the same type and 
di'sign as the plant with CO? captur(~;This provides acol1sistent 
baSis for reporting the inCJ:ementMcost of CO j capture for a 
particular type of facility. .. 

Using Equation (8), U costofCOi avoided can be calculated 
for. any two plant types. Or any two aggregates of plants. 
Thus, spe(:ial care should be taken to ensure that the basis 
fot.a reported cost of COl Hvoided .is clearly underswod Qr 
conveyed. For example. the avoidance cost is sometimes 
taken as a measure of the cost to society of reducing GHG 
emissions~~ In tiuH case, the cost per tonne6f CO

2 
avoide(i 

reHccls the average cost of mOVing frtml ollesituation (t\,g" Ihe 
current rnixof powergenerntion fuels Lind technologies) to a 
different mix of technologies having lowl~r overall emissions, 
Alternatively, some studies t::ompare individuul plants with and 
without capture (as w¢ do). but assume different types of plants 
for the two cases. Such studies. for examplc~ might compare 
a coa.l~tired plant with capture to an NGCT reference plunt 
withollt capture. Such cases reflect a different choic.e of system 
boundaries and address very different qu~sti()ns, than ~b()se 

addressed here. H()wever, the data presented in this section 
(comparing the same type of plant with tind without capture) 
can be used.to estimate a cost ofC0

1
av()ided for nny f\vo of the 

systems of interest in a particular situation (see Chapter 8). 

3.7.2.4 Cost oj CO2 Cllplllret/ or l't'fIloved 
Another cost measure frequently reported in the literature is 
based on the mass 6f CO, captured (or removed) rather than 
crnissions.woided. For ,1nelectric po .. ver planUtcan beddined 
as; I 

(9) 

, /\;;. used here, 'cnst' rd'crs onlylb money spent f~)r technol()gy, fuels and 
rdlilcd ml!tcriflb. ilnd .not to broader soeiellli me:lsure:;; such ns macroecollornic 
cosls or societal damage u)sls ussodaicd with atmospheric emiSSions, Further 
discul.isinns ,IOU lIscof the tenn 'cost of CO, avoided' appear in Chapler 8 and 
in the references dted carlier. .. 
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where, CO2• "~pll.!n.'i k\Vtr! := total mass of CO~ captured (in 
tonnes) per net kWh for the plant \vith capture. TIllS measure 
rellects the economic viability of a CO, capttire sysmm given a 
market price for eo, (as an industrial ~ommodity). If the CO, 
captured at a power plant can be sold at this price (e.g., to the 
food hidustry. or for enhanced oil recovery), the COE for the 
plant with capture would be the same as for the reference plant 
having higher CO

2 
emissi()ns. Numerically. the cost of CO2 

captured is lower than the cost ofCOz avoided because the 
energy required to operate the CO

2 
capture systems increases 

the amount ·of CO~ emitted per unit of product. 

3;7.25 linportaflce of (CS energy rt~quirel11enrs 
As the enel'gy requirement for CCS is substantially larger 
than for other emission control systems, it has important 
implications for plant economics as well as for resource 
requirements and en vi r()nrn erita I impacts. The energy 'penulty' 
(as itis often called) enterscostcalculations in one oftw() w"ys, 
Most commonly, all energy needed to operate CCS absorbers, 
compressors, pumps and other equipment is assumed to be 
pi'ovldcd within the plant boundary. thus lowering the netplalll 
capacity (kW) and output (kWh. in the case of a power plant). 
The result, as shown by Equation (7), is a higher unit ('apital 
cost (US$ kW·l) and a higher cost ofclectricity production (US$ 
k\Vh,I).Effedively, these higher unit costs rencet the expense 
of buildlngandoperating the incremental capacity needed to 
operate theCCSsystem. 

Alternatively. some studies . particlliarly for industrial 
processes such as hydrogen production .• assume that some or 
aHofthe energy needed to operate the CCS system is purchased 
fron1outside'the plant boundary at some assumed price. Still 
other studies assume that new equipment is installed togeneratc 
auxiliary energy on-site. In these cases, the net plant capacity and 
outpufnuiyor may not change and may cvenjncl'ease. Howevei', 
theCOE in Equation (7) again will rise due to the increases in 
YOM costs (for purchased energy) and (if applicable) capital 
costs for additional equipment The assumption of purchased 
po weI;' ht)wever, does not guarantee a full accounting of the 
replacement costs or CO, emissionsassoChtted with CCS, In 
all cases, however, the lut:ger the CCS energy requirement, the 
greater the difference between the costs of COl captured and 
,\Voided. 

3.72,6 Other measures t?f cost 
The cost measures above characterize the expense of adding 
CO, capture to a single plant of a given type and operating 
profile, A broader modelling framework is needed to address 
questions involving multiple plants (c,g., a utility system, 
regional grid, or natjonal network), or deCisions about what 
type of plant to build (and when). Macroeconomic models that 
include emission comn')l costs as elements of a lTIore complex 
framework typically yield cost measures such as the change 
in gross domestic product (GDP) from rhe imposition of a 
carbon constraint, along with changes in the average cost of 
electricity and cost per tonne of CO

2 
abated. Such meHsui'es 

arc orren useful for policy analysis, but relleet many additional' 
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assumptions about the structure of an economy as well as 
the cost of technology. Chapter 8 provides a discussion of 

. macroeconomic modelling as it relates to C(\ capture costs. 

3.7.3 The ccmtextjor current cost estim(ltes 

Recall that CO, capture, whilepractic6d today in some ihdustrial , 
applications, is not currently a commercial technology used at 
large electric power plants. which 3t'e the focus of most CCS 
studies. Thus, cost estimates for COic~lptllre systems rely 
mainly on studies of hypothetiCal plants. Published studies also 
differ significantly in theuSSUlnptions used forcosl estimation. 
Equation (7), for example, shows that the plant capacity factor 
has a major impact on the CQst of electric power generation. 
as do the plant lifetime and discount rate used to compute the 
fixed charge factor. The COli. in ~urn, is a key el.ement ofCOj 

avoidance cost. Equation (8), Thus, a high plant capacity factor 
or it low fixed charge rate will lower the cost of 0\ qaptul'e 
per kWh. The choice of other impol1ant pal'ameters; such as 
the plant size, efficiency. fuel typ~ and CO, removal nlte will 
similarly at'fec[the CO, capture Cost. Less ilpparem, but often 
equ,illy Jmp()rtat)tial'ea~sumpticjns ~\bollt parameters !wch as the 
'contingelicy cost factors' embedded in capital cost estimates 
to a(~count for unspecitkdcosts antiCipated for technologies at 
an eurly stage of development, or for commercial systems that 
have not yet been demonstrated for the application, location, or 
plant sdtle. understudy. 

Because of the variability ofasslImptions employed in 
differcntstudies ofCO~ capture,asystematic comparison of cost 
results is not straight(Qrward (or even possible in m()stcases). 
Moreover. there is no universally 'correct' set of assumptions 
that apply to all the parameters affectiilg CO.; capture cost. For 
eXaII1pJe. the quality and cost of natural gas~ or coal delivered 
to po\\/er plHnts in Europe 'and the United States may differ 
markedly, Simihlriy, the cost of capital for a municipal Of 

government-owned utility may be significantly lower than for a 
privately:.O\vnedutilityoper~\ting in a competitivem·arket. These 
and other factors lead to real differences in CO~ capture costs 
for a given technology or power generation sys'iem. Thus, we 
seek in tbisreport to elucidate the key assumptions employed 
in different studies of similar systems and technolc>gies and 
their resulting impact on the cost of CO, capture~ Analyses 
comparing the costs of altcrnMive systen1S on ail internally 
consistent lJasis (within a partiCular study) also are highlighted. 
Nor are all studies equally credible, considering their vintage. 
data sources, level of detail and extent of peer review. Thus, 
the approach adopted here is w rely as nitich as possible on 
recent peer-reviewed literature, together with other publicly
available studies by govemmental and private organizations 
he~avily involved in the field of CO2 capture, Later, in ChapteI 8, 
the range of .capture costs reported here are combined with cost 
estimates for CO, transpOlt ~md storage to an-lve at estimates 
of the overall cost of CCS for selected p()wer systems and 
industrial processes. 
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~lrltUt~etecl'molog~y wUh multiple commercial replications forthisapplicatioll and scale of I) per at ion; considentble 
op~eraung expem~nc:e nnd data l~l1dera variety ofcondition< . . 

High Commercially deployed in applications similar to the system nnd,,!" study, but at a smaller scale and/orwith IilTlited 
opcratingexperience; no major problems or issues anticipated in this application; commercial guarantees available. 

MO(krate Nbcomnicrciarapplicarion for the system and/orscale of imerest, but t(:chnology is·comnicrcially deployed in other 
applicatk)ns; issues qf scale-up, operability and reliability rem4lin to be demonstriHed for tilisapplicatioIl; 

Low E~peri¢ll.~eand databascdonpilor plant or proof-ofcotlCept Scale; no corrlmerCi~11 applications'. or f\1U··scal~ 
dernbristtations; signitlcant. tt:chnicat'issues orcost-relatc(jqucstiollsstill to be resolved f{)r thisapplic.ation. 

Very Low A new concept or pr'OCCSSl1ot yet tC!,;tcd, or with operational data limited to the laboratory or beoch-scale level;. isslies 
.• ___ ... ___ . ___ ~Elarg(H,cak opcrabilify,effectivenes~. relihbWty and manufaclur.ability r:~~!.~~~). be (~'.'.~~.Ilstrute_d. 

3.7.4 OverVielY ojtechnologies and s),steins evaluated 

Economic studies of CO~ capture have focused mainly on 
electric POWCI; generation," a.maj~rs(wrceof.C02 e~nissi()ns. 
Toa lesser extent, C01 capture from industrial processes also 
has been subj¢ct to economicevaluations~ espeCially processes 
producing hydrogen, often incombiniltlon \\r~jth other product~. 

The sectio~sbeIO\ ... review·andsunm111J'ize·recent estimates 
·of CO., captUl'e costs for major systems of interest. Sections 
3.7.5 t~ 3.7,8' focus lirst on the cost of current CO, capture 
technologies,. \vhile Sections 3.7,10 t03.7,12 goon te) discuss 
improved or 'advanced' technologies promising lmver C()sts in 
thct'uture. In all cas(:sthe system boundary is defined asa single 
t\lcility at which CO, is captured and compressed for deJJvery 
toa [ransport. t\l1d st(;rage system, To reflect different levels of 
confidenq; (o( uncertainty) in cosl estimates for technologies 
at different stlkges of devclopment. the qualitative descriplprs 
shown in Tabl~ 3,6 are applied in sumnulrlzing published cost 
estimates}-Th~ studies reviewed typically report costS in US 
dollars fbr refei:ence yeai's rangiilg front 2000 to early 2004; 
Because inHalion effects generally have been smaH during this 
period no adjustments have been irlade in summarizing ranges 

of reported co~ts, 

3.75 Posi~combllstioll COl capture cost j()relectric 
powfJr plants (l~lIr,.ellttedmol()gy) 

Most of the ivorld's electricity is currently generated from 
the combustion of fossil fuels,especially coal ilnd (to an 
illcreasing exterit) natural gas,J-Ience, theabjHty to capture and 
store the CO

2 
:emitted bys~ch plants has been a major focus 

of investigation. This section of the report focuses on the cost 
of currently avaJlab\c· technology . for CO, capture. Because 
of the relative:ly knv CO, concentration ill power plant flue 
gases, cheinical· tibsorpti(;~} • systems huve been the dominant 
technology Cif Interest for po,st-combustion captme(see Sec~ion 
3.3.2). HowevfL~the costaf qOzcapture depends not only (In 

'J These dcsCriptiOl;S ?ft' u~Gd.instlbseqw,mt lu!>!t:s 10 characterize syslcrnswith 
CO.~ caplUi\~,ln nlost cHSCS the cos! cslim&tes for relcrencc plams (without 
capture) would fmll;. as high (e.g .• [GCC power' plallb) or vcry higll (e.g .. PC 
and NGCCpowcriptllHlli). 

the choice of capture technology. but also., and often more 

impOlluntly - on the charac~eristics and design of the overall 
power piam.fi()r purposes of cost reporting, w~ distinguish 
betwecncoal-fircdaild gas:-nfed plant designs and between new 
und.existing .. facilities~ 

3]5.1 Newcoal-jired pow(!rplants 
l'\lble 3.7 summarizcstile key assumptions and results of recent 
studies of post-combustion CO., capture at new c()af.··1ired 
power plants. Assumed plant sizes with CO, capture range from 
approximately 300-700MW net power o\npuL In all cases, 
CO~taptme is ac<:;omplished using an arnin~-bHsed absorption 
sysl~em, typically .MEA. Capture cHicien~ics range from 85-95% 
with the most common v(iluebeing 9(Y}L The studies employ 
different aSSuiTlfHioIlS about other key panlmelers such as the 
base power plal1tcffid~ncy, coal propertll~S; coal cost, plant 
(~apacity factor, CO

2 
product prtsslIrcand financial parameters 

stich as thl: fixed charge faclor~ All of tht~se factors have a direct 
influence on total plant cost and ~h{~ cost of CO, capture. 

Table 3.7 summarizes several mellsures of C<J., capture cost, 
both in absolute a,nd relativetenns. Across the full~"et of studies, 
CO

2 
capture ~dds 44-87tJ;;(() the capital cost of the reference 

plant fUSS kW·I) and 42-8J % to the cost of electricity (U5$ 
MWh'i). while achieving CO

2 
reductions of approximately 

80-90% per net kWh produced. The cost of COl. avoided for 
these cases variesfl'om 29-51 US$!tC0

2
• The absolute values 

of capital cost. COE <\hd incremental cost . of electricity in 
Table J.7 rdlect the different assumptions employed in each 
study~ The result is anincremcntal COE of 18-38 US;$ MWh· j 

(or US$ 0,018':0.038 kWh'l) for co, capture. Thc. totalCOE 
for phirits with capture ranges from 62-87 US$ MWIl'l. In all 
cases, a significant portion oj' the total CO

2 
capture cost i~ due 

to the energy requirement forCO,l:upture and compression. For 
the. studies in Table 3.7. the p"tnts with CO, capture require 
24.-42% more fuel input per MWh of plant ()utput relative to 
a similar j·eference plant without capture. Roughly half the 
energy is required for solvent regenertltion and a third for CO~ 
compression. 

While many factors contribute to {he cost differences 
ohservedin "rable J3, systematic studies of the. intlucnce of 
different factors indicate that the most important sOllrcesof 
variability in reported cost results are assumptions about thc 



.. . W,b, .,bnt... U~hlg cun'i::m te(;hn')logy. 
, . -r 

Range 

Study'" 
min 

........./ .. ' ··· ... ·.· ...... J/F···).(~..>ii liNTT)i;;{ RJTrrfiriTO:Ti~hi\:(T ~. -- .~~~ .-
Referellce Plant. (withiJuUaptllie) />.. '. * * 

!. ' -----+-.' .. -------------l 
I Boiier type (subcriticaJ, super, 'ultra)! super ultra ultra ultra ultra SUQ£f 1 .• i $ubcritical $ubcritical super 

co<ll .. rype(bil,SUb-b. it,'.l£)'ilnd%s. [ bit, 2::5% S b.it.2 ... .5%S bir.l%S bit.t.%.S. b.i • ., 19?S.'+ ... ··~it;2.l')L§ I' bir,2.5%S SUb.biLO .. 5(lcS . hp:.,nite 
1~~.iS;'iI~:n c.onl1'01 techno.IOgieS FGD. SCR PGD, SCR . PGD'.·, .. SCR fGD,SCR ruD, SCR I FGD, SCR . F,'GD FGD. SCR fOD.. SCR, LoTOx 
@}o.NO.l. ... _. _______ .... ' . .' .,,--'"+-------l'--------------i 
:R. cierel1ce plant net (lU. {put (MW) i 462. 506 +' 520 758 754 524 I 462 758 397 462 424 
lPl;mtcapacity l~tClOr(%). 65 65 80 85 85 75 65 85. ,85 75 90 
lNet pJaniefficiency, tHV ('it]) 42.2 44.8! 44,5 44J) 43.7 40.9 i 41 45 38.9 36.1 43.4 
leo;!) cost. LHV fUSS (a'!) 1.29 0.98 1,50 LSD L25~' 0;98 1.50 1.03 1.25 0.88 
!Reference plalll cmissilln rate (t 0.774 0.736 0.76 0,743 0.747 0.811 0:74 0.81 0,835 0.941 0.1:183 
lCO,MWh") 
Q'~lllreflalti!i;}jigll . "--'",-1-" 

If=O.capturet~tmology MEA . MEA MEA MEA .. _~ .. !CS.I... MEA !. ___ ... _ _ MEA.. MEA MEA 
'Nelo\allt output with c,aptun.':fMW) ~29 I 367 4H8 666 676 492 1 329 676 283 .. __ ,326 ..... _e-.-.. ___ 3.:1;..,1_.O;.,.· ___ ---/ 
Net phmt eflkicocl . LHV (%) 30.1 32.5 34.9 34.8 35,4 3L1 30 35 27.7:!.SA 31.8 
CO. clpturCSystem efficiency (%) 90 1 90 S5 8].5 90 90 85 90 '1.5 90 __ 9_5 ____ -.; 
CO, emission rale after c<lpture (I O.W8 0,1('11 {).145" -----o.I"i 7 0.092 0.107 0.09 0.15 (W59 .... -(lTi3 0,060 
M\Vh!} 

I~~::::.t!:.:d:::.r,~){:-M-p.-a.)-"~.. : '88~0 2::0 2;:~' ~~- ',:.~; ~~~~~~ _.~.:.~. 4~:7 .. 21' .. ~.3 .. 1~ .. :.~ .... ) ........ 1 .. ,., .... 2.·.i._.·.·.:.'.·._.S.,.9 ... ~.~.)...... !--.. - .... ~~.9-5~-11 
iCCS energy requirement 1% more, 40 38 28 26 24 3] 24 40 4() 42 I . 36 ' 
linput l\.fWh·') . ,I .... , 

*i~* *~~ ** . ~** 

% inneasein capital cost (over fef. 73 67 59 61 44 74 72 

!£!il!~L.,_ .. __ .... ----.. -.--i---~--i-..;;...---:,.:-+--:---'--+-----+-
1 % illl.:r~a,~ in COE ((wer ref. 66 62 47 
!plant) .... __ ... ___ .... __ _ 
leost of CO, ca )tured (lJS$itCOJ 35 28 24 29 26 
~(), <\Voided CUSS/tCO,) 5 i 49 .:U 40 36 

!Capture COS.t confidence .level (see " . .:'" ." . . m.i..'ld. e.ralC . '. 1 .. . moderate 
T,lbh: 3.6) '" . .' 
• Oles:, . cosr,s m""i'fils table Ilre or c3p!ur£ only and~o not mdude thc~ost8 of en; tr<l[lSl~Orhmd storage; st."C Chapler 8 jor total CCS co£ts-:-1f"ReptlrteamWVaTties cOllvertea"ic;r:nVas:~ummg"'LRVtHHV ""-
0.96 for coaL **Reporled capital (:oS!S increased lJy8% to include interest during construction. **"'Rcponedcapitalcost)l increased by 15% to eslimate[ntere~'t during constr\J(..1.ion and other owners' co"ts. 
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COry capture system energy requirement; power plantefiicicllCY. 
fuef typc~ planLcapacity factor and nxedcharge rate (Rad and 
Rubin, 2002).: In thi~reg~rdr itisuseful to note that the lowest
cost capture systems in Table3,? (inlerms of COE mlclcost'of 
CO; avoiiled}cpme frQm, a recent study (lEA GHG, 2(04) that 
cOI~bines an efficient slipcrcritical power plant design lIsing 
bituminous co,al,\vith high plantUl"ilization.lowestJixcdtharge. 
rate and mon.~ ~flergy-cf'ficicnt aInine system designs,·as recently 
announced by:t\vo InajPf'veiid()rs (butnQt yet demonstrated on 
coal-fired pmyer 1)lant~).ln contrast, the l1ighcstreportcd COE 
values arc for less effidenrsub~ritjcaJ plant designs using low 
rank coal,c0I11bined \vith lower Cilpacity factors, higher tixed 
chargerales a:nden:1ployiitg~mii1e system designs typical 'of 
unjtscurrently; in operation at small power plants. 

Recent . .incl'easeSin w()r1d emil. prices;, if sustained; also 
would affect the l~veUzed CqEvalues reported here. B,isedon 
one recent study (Il?i\(jHG, 2004), each 1.00 US$ Gj-l increase 
in coal price would increase the COE by 8.2 US$MWhI fora 
new PC plant I \vitbom capturt( an~ bj' 1 b.llJS$ MWh- 1 for a 
plant with capture. . 

Thc.se l'es~llts indicate ·tha(new power plants equipped 
with CO} captuft1 are likely tel behigh-t{jiciency supercritic,il 
units, which yield lowest ovet'ull costs. The worldwide use of 
supel'criticalll,nits (\vilhout capture) .with current usage at 155 
GWc(Scction 3.1,2.2), is rapidly increasing illseveral regions of 
the world and'lasscellinTa~le3;7 j.th~preponderance of recent 
studies of COi capture are based 'on supercritical units w5ing 
bituminous coals,. For these plants, Table 3; 7 shows that capture 
systems increl.lse the capital cost by 44-74% and the COE by 
42-66% (18-34 US$MWh-l),.The major factors contributing 
to these ranges were differences in plant size, capacity factor 
and fixed charge Hiet()\'. Nc\v6rirnprovcd capture systems and 
power phmt designs thatprolnilie to furtherredllce the costs of 
CO, capture are discussed hlterinSection3.7.7, First,however, 
we ~xamine CO~ capture costs at.existing plants. 

3.7.5.2 EXistillgcoaljired jJ/ants 
Compared to the study of rlcwplants. CO2 capture options (01' 

existing powerplants ha ve received i:e lativel y I ittle study to date. 
Table 3.8 sum'marizes the assliiilptions and results of several 
studies estirna(ing .thc cost of retrofitting' an amille-bilscdCO~ 
()apture systeI~ to an existing emil-fired powt~rplant. SevenH 
factors signitlcanlly affect the.cconomics of retrofits. especially 
tlw age, smaJler sizes ancllower .?fficit:ucies typical of existiIlg 
phmts relative to new builds; The energy requirement for Co.. 
cnptilre also is uSll~llJy highcrbccause of less efficient heat 
integration forsorbent r~generation. Al1 ofthese factors lead to 
higher overall costs,Existing plants notycr equipped w\ith a tlue 
gas desulphurlzatiQll(FGD)system for SOC. control also mllst 
be retrofitted or npgnld~d for hi~h.,efficienc;; sulphur captllf(~ in 
addition to the:;CO;capture device. For plants \vith high NO., 
levels; uNO., remova!systelll aJsomay be required to minimize 
solvent lossfrhrri reaCti~ns\Hth acid gases. FinaJly, sitc:-specii1c 
difficulti~s, Sll~h as land qvMhibiHty, access to plant areas and 
the need'r()rspecial duchvork, tend .to further .increase the 
capital CQst oUmy retrblH pi-()}edrelative toan equivalent new 
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plant installation, Nonetheless, incases \vhere the capital cost 
of the existing plant has been fully 01' substantiallyarnortjzcd, 
Table 3.8 shows that the COE ora retrofitied planl with capture 
(illciuding ,HI .new capitaj requirernents) can be comparable to 
or lower than that.of a IWW plant; although the incremental COR 
is typically higher because of the factors noted above. 

Table 3.8 further shows that for comparable levels of 
about 85% CO, reductibft per kWh, the average cost of Co., 
flvoidedJor retr~nts is about 35% higher than forthc new plant~ 
analyzed in Table ],7. Thcincreinental capital cost and COE 
depend strongly on site-specific assumptions, incltufing. the 
degree of amortization and opti()ns for pi'6viding process energy 
needs. As with new plants, heatand power for C0

1 
capture are 

usually assumed to be provided by the base (refercnce) plant, 
resulting in a sizeable (30 to 40%) plant output reduction. Other 
studies assume thaum auxiliary gas-fir{~d b()iler is constructed 
to provide the COzcapture steam requirements and (ill some 
cases) additional poweL Low natural gas pdces can make this 
option more attl'active than plant output reduction (based on 
CO£), but slichsystems yield }cl\ver C00 reductions ·(4found 
60{Ji!) since the emissions from natural gas combustion are 
typically not captured, Forthis reason, the avoided cost values 
for this ()ption are not directly compai<able to. those with higher 
CO) reductions~ 

Also reflected in Table 3.8 is the option of rebuilding 
. an existing boiler and steam turbine asasllpercrit:ical unit 
to gain efficicncy improvemcnts inconjundioll withC~02 
c<lpttire. One t;ecentstudy (Gibbins et al" 2005) suggests this 
option could beecoriomically attractive ill conjunction with 
CO} capture since the more et'fiCiellt unit nlinimizcs' the cost 
of capture, and yields a greater net power output ai1d a \()\ver 
COE compared to asimplc retrofit. The lise of ~t new and less 
energy-intensive capture unit yields further cost reductions 
in this study. Another recent study simi lady concluded that 
the m()st economical approach to CO

2 
captlire for an exLqing 

coal-fired plant was to combine CO
2 

capture with repowcring 
the unit with an ultra~supercritica.l steam system (Simbeck 
20(4). One additional option, repowering an~xisting. unit 
with a coal gasHier, is discussed later in SeCtion ~t7.6.2; 

3.7.5.3 Natural gas-jiredpower plants 
Power plLtnts fuelled by natural g~s m~ly include gas"lired 
boi lel"s, simple"cycIe gas tui:bines, or nutunllgascombined cycle 
(NGCC) units. Thecurrerit operating capacity in use globally 
is 333 GWe fol' gas-fired boilers, 214 GW~ ft)r simple cyCle 
gas turbines and 339 OWe for NGCC (IEA WEO, 20(4)- The 
absence of sulphur Hnd other impurities in natural gas reduces 
the capital costs associated with auxiliary· ftucgas clean-up 
sys~ems required for amine-bnsed CO] clJpt.mc technolQgy, On 
the other hand, the lower concentration of CO, in gas"fircd units 
tendsJo increase the C{}st per tonne of CO2 captured or avoided 
rt~h\tive to coat-fired uuits. 

T~lble 3.9 summarizes the assuJ11ptioris and cost results of 
several recent studies of CO2 capture ,,It gas·"flred ct)mbiiH~d 
cycle power plallts ranging in size from approximately 300··700 
MW. Relative to reference plants without capture, to achieve net 
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Table 3.9 CO, capture costs: natural gas-fired power phims using current technology, 

. R~#ge·· 

379 776 

MEA 

432 323 
47~6 47 

90 85 
0.043 O.()43 0.040 

1.099 0]33 0.733 
117 13.7 8 
17 t-.~.~.-. 11 

S8 83 

tS.s?, producLpressure (NIP;) 8.4 !~_ .. "_f--. .... l!..:.~... 11 1. U,f I CCSenergy reqll~remenn<k more inpurMW!l·I) 16 16 15 11 22 

! CO, reduction per kWh (%) . 8~ ~,8 83 83 .+~ .. _ ~ ___ 88--,...,---+-....;..._i-'--_--+ ______ -+ __ --':'''''''''''_-l 

~stResults ....... ---f----.-.. ----t----'--.... ' 1 ] 
I Cost year basis (constant dollars) 2000 2002 2004 2004 2001 2001 1 .. ____ _ 

I Fixed charge factor (%) ... _ ..... :--.':-._~!-".. I 1.01.1.0 ~.~ .. ,-__ 14.8 14.8 11.0 .. 1 14~8 
~nce J2hmt TCR (US$ kW·I) 549 515 539 539· r 724 554 554 515 1 724 
~~aptur~' plant TCR (US$ kW} ______ .... J099 ___ . 911 938 958 I 1261 90~ ... m_~.... 909 .-+ .... 909! 1261 

1J!.'.~~elne!ltaJ TCR forca .. ~.t~~e(US$ kW·I). r550 _ ... ____ ..... ,}96 ..... __ ..,..... ... 399~_~f--. 419.~ .. -2~.?..,._! 355 355 3?5 SSt) 
I Reference plant COE(US$ MWh-1) I 34.2 34.7 31.3 31.3 34.2 43.1 SO 31 50 
1. .. .... I ~~ 

u;pture plant COE (lJSSMWh·1). . i 57.9 48.3 44 43.1 S1.8 i 58.9 72 43 72 
lncremcn!.al COR for capture (US$ MW'h;I) my-'" . .,. ___ ...!}~6-~ =.~_12.7 .. __ r-.. .1L8 _ ~l7":6-r 15~8 22 12 24 

% incn.~ascin capital cost (overrefplanI) _ tOO 77 74 78 74 I 64 "r---" 64 . 64 100 

14 
22 

% increase in CO}: (over ref. plant) 69 39 41 38 51 31 44 37 69 
Cost of CO, captured (O$$/tCO,) 57 38 34 33 46 41 57 33 57 

Cost of CO. avoided (U5$IICO,) 74 45 41 37 57 49 68 37 74 
niooerale 

! --------------------------------
L..~;aptur~~~onfidencc level (s~ Table 3.6) 

Nutes: AlicijSb in this tJbk are for capture only and do not include the (;OSI:;; of CO, transp()rI and storage; sec Chapwr 8 forlotal CCS cciSls, ,. RejX>l1cdHHV v'lluesconverted to LHV assum.ing 
I,HV;HHV ::;: 0.90 for natural gas. -
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CO
2 

reductions (per kWh) of the order of 83-88%, the capital 
cost per kW increases by 64-100C}b, wh.ile theCOE increases 
by 37-69%, 01' by 12-24 US$l\lWh'l on un absolute basis. The 
corresponding cost of CO, avoided ranges from 37-74 US$I 
tC01' while the CCS energy requirement increases plant fuel 
con;umption per kWhby 11-22%. 

As seen earlier in Equations (7) to (9)~ assumptions about 
the plant fuel cost have an especially important influence on the 
COEfor gas-fired plants because the contribution of capital costs 
is relatively low compared tocO(ti plants. The studies!n Table 
3.9 assume stable gas prices of 2.82~4.44 US$ ca- l (LHV basIs) 
over the life of the plant. together with high capacity factol's 
(65-95%) representing base load operation. These tL'isumpti{)ns 
restllt in relatively low values of COE for both the refetence 
plant and capture plant Sillce about 2002. however, natural gas 
prices have increased signi1lcanUy in many parts of the world. 
which has also affected the outlook for future pl'ites. Based 
on the assumptions of one recent study (lEA GHG, 2(04), the 
COE for an NGCC plant withoutcaptllre would increase by 
6.8 US$ MWh·! for each 1.00 US$ GJ I increase in natural gas 
price (assuming no change in plant utilization ()r other factors 
of production), An NqCC plant with CCS would see a slightly 
higher increase of 7.3 US$ MWh ' , The price of natural gas. 
and its relation to the price of competing fuels like cela\. is 
nn important determinant of which type of power plant WIll 
provide the lowest cost electricity in the context of a particul,ir 
situation. However, across a twofold increase ingas price (from 
3-6 US$ OJ"I), the increrriental cost of en, capture changed by 
only 2 US$MWI-r l (US$ 0.002 kWh·!) \~ith all other f~lctors 
held constant. 

In countries like the US. higher gas prices have also resulted 
in lowerutilization rates(averaging30~50%) forplantsoriginally 
designed for base~load operation, but where lower··cost coal 
plams are available for dispatch. This further raises the average 
cost of electricity and CO, capture for those NGCC pl;:ln{S, as 
reflected in one case ioTable 3.9 with a capacity factor of 5<Ykj, 
In other parts of the world, howevcl" lower-cos{ coal plants may 
not he available, or gas supply contracts might limit the ability 
to curtail gas lise. Such silliations again illustrate that options 
for power generation with Of without CO, capture should be 
evaluated in the context of ,1 pm1icular situation or scenario, -

Studies. of commercial. post-combustion cO~ capture 
applied to simple-cycle gas turbines have been conducted for 
the special case of retrofitting an auxiliary power generator in 
a remote locution (CCP,2005). This study reported a relatively 
high cost of88 US$/tC(\ avoided. Studies of post-cornbustion 
capture for gas-Ii red boilers have been mnlled to industrial 
applications. as dis~ussed later in Section 3.7.8, 

3.7.5.4 Biomas,~~/iring and co-firing systems 
Power plants can be designed to be fuelled solely by biomass. 
or hiomass can be co-fired in conventional coal-burning plants, 
The requirement to reduce net CO, emissions could lead to 
an increased use l)f biomass fuel, because plants that utilize 
biomass as a primary or supplemental fuel may be' able to take 
credit for the carbon removed f1'om the atmosphere during the 
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biomass growth cycle. If the biomass carbon released during 
combustion (as CO

2
) is then captured and stored, the net 

quantity of CO
2 

emitted to the atmosphere could in principle 
be negative, 

The most i mportant factor affecting the economics of biomass 
use is the cost of the biortulss. This can range from a negative 
valt~c, as in the case of some biomass wastes, to costs substantially 
higher than coal, as inthecase ofsoine purposely-grov .. 'n biomass 
fuels, or wastes that have to be collected from diffuse sources. 
Power plants that use only biomass are typically smaller than 
cOi,\I-fired plants because local aV;lilabilityofbiomass is often 
limited and biomass is more bulky and hence more expensive 
to Iran sport than conl.The smaller sizes of bibmass-tircd plants 
would nonnally restllt in lower energy efticiendes and higher 
costs of CO? capture. Biomass ~al1. be co-tired with coal in 
larger plants (Ropinson·et al., 2003). In sllch circtlmstances the 
incremental costs ofcapturing biomass-derived CO, should be 
similar to costs of capturing cotti-derived CO,. Anotller option is 
to COil vert biomass into pellCts or refined lilJllid fuels to reduce 
the cost of mmspOi,ting it overlong distances. However, there are 
costs and em:issions associated ''lith production of these refined 
fuels. lnfonnation on costs of CO

2 
capture at bjomass-tired 

plants is sparse but some il1fomlation isgivenin Section 3.7.8.4, 
The overall e(~{)nomicsof CCS with biomass combustion will 
depend very much on local circutnstances, especially biomass 
availability nnd cost and (as with fossil fuels) proximity to 
potential CO2 storage sites. 

J.7.6 'pre.combustion CO.z capture cost for elutrit~ 
powl.!rplants (current tet:lmo/l)gy) 

Studies of pre-combustion capture for electric power plants 
have focused mainly on IGce systems using coal or other 
solid fuels slich as petroleum coke .. This section of the reJXirt 
fOCUSl~S 011 currently available technology n)r CO) capture at 
such plants. As before, the' cost of CQ, capture depends not 
only on the choice of capture technology: but more importantly 
on the chui'acteristics and design of the overallpqwer plant, 
including the fuel type and choice of gasifier, Because IGCe 
is not widely used for electric power generatjon at the present 
time. ecol1omic studies oflGCC powerplants typically employ 
design assumptions based on the limited utility experience 
with IGCC systems and the more extensive ex.perience with 
gasification in industrial sectors such as petrolellhl refining mid 
petrochemicals. F()r ().xygen~bl()wn gasifiers, the high ()perating 
pressure and relatively high CO

2 
concentrations achievable in 

IGCCsystclTls mtlkes physical solvent absorption systems the 
predominant technology of interest for pre-combustion CO, 
capture (see Section 3.5.2.11). For purposes of cost reporting·: 
\ve again distinguish between new plant designs and the 
retrofitting ofcxisting facilities. 

3.7.6,1 New cool gasification combined cycle power plants 
Table J,1O summarizes the key assumptions and results of 
st.~veral j'ecent studies of CO, cHpture Cl)SfS for new lGCe 
power plants ranging in size frZHTI approximately 400-800 MW 



Tilble 3.10 CO~ capture costs: ne\v IGCC power plants using cunent (ccbnology. 

I~tu~y ,J\, SStilUp~io'lls andl{eslllts 
J ,',,' 

r' 
G.:... Rcfi:rellc!PlanJ Wil/wu.f-capiurc) - * ~ . .:...± * - - i -I ... 1"1- ! . ____ . 
!Gagifiername ortype Shell. ~-gas< I Texa.::o j ,E-g:ls. I Texaco Texaco I Texaco TexacD' I Sheil, ! Tex-acoT, Texaco 

! ,,' . ', '. 0, 2,hk,1WI,\'O, "b,'""I,O,,'\,\,'f.,t J ,qU,enCh. I (lJ bIO\.".'Il, I ,,'I,ue,.n, Ch", syng,as, cOl,)kr· i quenc, h, , qU,.C, n .. "":",,, I, 0z bJOWll,' /que" nC,t,I',O,"',;~ 1,·,," .'1"Ue,'llch., i ~._ .. ~. __ , ___ ". . . . CG~U ,~G?C. ,0: b.l?wnA7; .. __ ._-::--;:,-+ ... ?,:blOW~1._ .. 0, b~o\Vn ! 0: blo~~'1l o~ blow~_._ ... " ' ,blown.,!~,hlown.l 

1 

I 
muellVpe (tut su~blt. hg: ~ther} :lnd %S IlImOls #6 iHlIlOlSl/6! Illll~~w; #f,) I btl, 2.~'1'(: S i bj.~-::-~ ... _. __ . ..!?!L. ... ~/7i;S bit. 1%$ hl(,10hS h1t;_2J</oSil:ilt; 2,!%SI 
Refenence plant 511.e (MWj 411 401 l )71 42;, I :>21 ----.L 8.17 827 776 :J27 52/! 401 827 
IPlant ca~dtv hKlOr(%1 . .,' 85 85 ,! 6565 80 SO! 85 85 85 }5 ..I, 65\ 65 85 
.t:l0.~I(cfficien';;)\LHV(%) 47.4 46.7'T· 3~;:_.1 __ .. 44.8 ~ 44.6 I 38.0 " 38.0 43:1 .,.........,;:!.9;1 ... ~,l I 38 47 
Fuel COSi. LHY (US$ G11) 1.03 1.03 I 128 1.29 t 0;98 1.23 I 1.50 1.50 l.SD 1.25 ! 1.251 0.98 1.50 

~~:d,e~f~,~~;lt~miS~:~1 r~te 0,682 I 0;692 0.846 ._O.7~_~_ ... :_O:725·.--· "'-"-" I 0.833 '. I. 0.833 0.763 .. -t.. 0.817 . 0,817 I 0.68 0.85 

C4pture Plant DesiSft .. _. __ ... .. . , __ _ 
,cl.lptnre technology ~1 Selex(i! I Selexol Sdexol Selexol Selex()l tSclex()1 Sdexol! Selex()L NS! SelexoJ 
planLlilfc,withf'apture (MW) 351 359 457 404 455! 730 I 742 I 676 

Selex()l 
455 
39.0 

Sdcxol 
492 
33,¥, __ . 

90 
0.097 

sdeXQJ 
492 . 351 742' 
:'u,8 31 40 
90 85 91 

0;097 0.07 0.15 

I 
I 
! 
I 

I 
4.050 2.749 2.383 1.38 ··4."id 

!C()~ redut:tionperkWh (%) 87 85 86 90 91 82 82 

IJ.O 
25 

81 

13.7 
16 

88 

l3.7 8 14 
16 14 2'; 

88 81 ! 91 
t 

1001 2001 
r- Cost R~sulls 1 -- I ** ** ** 
~"year'baSiS(coilstant dollars) 2002 2002 1""'2002-1''' 2(){)O " :2000 .... ! . 2002 2002 r- .. ~Q.Q..2_~_., '.-
1Fixedcharge facror(%) '.. . _~... 14,8 14,8 lS.U 13,8 ____ p.O __ .... ' ___ .... _._f-;-.. JLO._ ._!l:Q..... _ __ II_.Q 1 14,8 17.3 Ill! " 17 
l~~ferefli.~e pl;mt TCR (1)$$ "WI) 137{) .. .J2?4 1169 1251 1486! 1565 1187 1187 i37J 1 13 It 1311_ J1169 1~ 
!Capture p!.antTCRQJSSkW") I 2270 1897 1 .1.1.~ ... _. 1844 . 2067 2179 1495 1414- 1860=Hr?.'!~ ... 1748 1t414 22~.-J 
!Incremental TCRf?r~.tu~·e (US~ k:V') 900 .523 I 380. ___ 5.,93 ...... + .. _.2..~.1 __ .. ; ~J4 3~& 227 ~._ .. __ ~::?1 ' 437 . 227 ~~ 
!eference plant COE(US$ MWh'l) 40~6 40.9!. 43.4 47;7 i 43.0 1 ::13.0 4".0 45.0 48.0 48.3, 61.~:_.1!..61 ' 
~..£!l1re E!..~nt COt: 1~l!S$ lVlWh'l) 62.9 54.4 59.9 65.8 57.7! n.5 56.0 54.0 63.0 L 62.6.-l-.. _I9 I 54 79..l 

1,·flc.reJ.ne,JI.taJ C,~OE for cap, ture' , . 22.3. 1.3_~ 1.6.5 18.1 J 14 .. 7 !I' 1,8;5 11 9 15 I 14.3 I 18.2 9 22 1 
(US$ MWlrl) 1 ! 
~~.!:e.E.~ in ~!,!£ita.l cost (OVer ref.'plant) 66 38 33 47" i '-~--r-39- 26 19 . 36 33 .. 1 ... 33 1966=--1 
L£l!oincrease in COE (over ret plant) 55 3.3 38 3\:\ 34 35 24 20 31 l 30 r 30 20 S5 
ICt'islofCO, captured (US$ltCO" 32 19 18, 30"- -"'-21 .... _-:.....11_ 11 1.9 i7'" 21 11 32 
'('. ·-CO ·ct d ·U·S$' C'O' r .")~ "p. '>8 'r> ')3 . 16-C-O- l'~' "4· r "'0 ')5 13 37 i .,OSI ~! .,aVOl e (, It - ,) "I . ...~ __ ~ .. _L .. _-__ · ~. ... " . .;~. -'.,... ~ L. 

lC;lplUfl~ cost cIJufidencc level 
I.<sec Table 3.6) .......J.....-.. l-........_'_-c-_---l 

mouerate 

Notes: .t\1l costs in this labk are for caplureonly and do not include the cost~ of CO ~ transport and storage; see Chaptet. 8 fl)f !Olal CCS com. '* RcportedHHV values converted to LHV assuming 
LHViHHV::: O:96fo.f coaL *'" Reported pipiwl costS incrc<Jsed by.8'?i to include interest during constfuqlon,*"'RepoJ1edc<Jpital i,;osts increased by 15%· (0 estimate interest during cOllslruClitm 
and other {)WllCr;; , costs. 
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Table 3.10. Continlled. 

.. 

£..~.~!:~ .. £!~.,!}!.!L~ .. Q~?$·k~y.:J .... _ .... __ .... __ .. ___ ......... _.-t+._ ........ ~_2::..2~_[O."--5 ........ _ .. _t-_ ..... _~25:t-'--8_ ........ _._t-__ ....... 3:;;.;;;...;24P..;.,· __ ............ f .... _ .... __ .!!.!!., .. __ ~._ 
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net power output While several gasihers and coal types arc 
represerited. most studies focus on the oxygen-blown Texaco 
quencnsystem,lO and aU but one assume bituminous coals. C(\ 
capture-efficiencies across these studies range from 85-92~; 
using comnierdally available physical absorption systems. 
The energy. requirements for capture increase the overall plant 
heat rate (energy input per kWh) by 16-25%. yielding net CO, 
reductions per kWh of 81-88%. Other study variables that 
influence toml plant cost and the cost oreo, capture include 
the fuel cost; CO, product. pressure. plant capacity factor and 
fixed charge Jact,;r. Many of the recent studies ,\lso include the 
cos! of a spare gasifit'r to ensure high system reliability. 

Table 3, to indk~ates that for studies based on the Texaco 
or E.·Gas gasifiers. CO), capture adds approximately 20AO% 
to both the capital cost (US$ kW'[) and the cost of electricity 
(US$ MWlr l

) of the reference lGCe plants, While studies 

1(, In 2(){)'!, the Texaco gasificr was re .. named as t!lf GE ga~ifkl' fol!owmg 
acquisilion hy OF Energy (General Ele(,lri(:), Howl'v(.~r. this report uses the 
name Texaco; (ll:i it' is rcferred in in the original references cited 

using the Shell gasifier report increases of roughly 30-65(}1). 
The total COE reported for IGCe systems ranges fr()m 41-
61 US$ .MWh'l without capture un~ 54,,79 US$ MWh-1 with 
capture. With capture, the lowest COE is found for gasifier 
systems with quench cooling designs that have lower thcnnal 
efficiencies than the more capital-intensive designs with. heat 
recovery systems. Without capture. however, the latter system 
type has the lowest COE in Table 3.10. Across all studies, the 
cost of CO, avoided rtmges from 13-37 US$/tCO, relative to 
an lUCe without c<ipture. excluding transpol1 Itnd storage 
costs. Part of the reason for this lower incremental cost of CO, 
capture relative to coal combustion plants is the lower averag~ 
energy requirement for IGCC sy~tems. Another key factor is the 
smaller gas volume treated in oxygen-blown gasitit~rsystcms, 
which substuntitlily reduces equipment size and cost 

As with PC plants, Table 3,10 again emphasizes the 
importi'mcc of plant financing and utilization assumptions on 
tbecalculuted cost of electricity, which in turn affects CO,
capture costs, The Imvest COE values in this table are for plants' 
with a Ii)\v lixed charge rate and high capacity factor, while 
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silbstantially higherCOEvalues resultfrom hlghfinancing c(}sls 
and lower phint utilization. Similarly, the type and properties 
of coal a,ssul1)ed has llrnajor impact onthe COE, as seen ill 

) a ·recent Cllll~dian Clean Power Coulitionstudy, \vhich found 
subst~lIlti(.llly pighercosts for low-rank coals lIsinga Texaco* 
based IGCC:system (Stobbs and Clark, 2005 i Table 3.10). 
EPRl also reports higher IOCe costs for low-rank coals CH()1t 
el al.. 20(3). t)n the. other hand. where plant~level assumptions 
and designs al'esiti~iJAr m:ro.ss studies, there is relatively little 
differenQe int~eestimated costs of CO, capture based on current 
commercial t¢chnoI9gy~ Similarly; the'· several studies in Tables 
3,7 and. 3.10tIYlteSlirn.uecosts for both IGCe and PC plants 
on an internally GOJ)sistentbasis', all find that IOCr: plants with 
cilplllre have a lower COE than PC plants with capture. There 
is not yet a hi'gh degree of conlldencein these cost estimates, 
however (see table 3.6). 

,The costs in Table :t 10 also r~flect efforts in s()me studies 
to identify lellst-cost CO

2 
capture options, For example, one 

recent study (IEAGHG, 2003) found thal capture and disposal 
of hydrogen sulphide (H

2
S) a16ng with eX\ can reduce .overall 

capture costs' by about 20% (although this may increase 
transport and :stoi'lige costs, as discllssed in Chapters 4 and 
5), The feasibility of this approach depends in ahtrge part on 
applicable reg'uJatory and permitting requirements. Advanceq 
IGCC designs:that may further reduce future CO2 capture costs 
are discussed in Section 3.7,7. 

3.7.6.2 RepiJWering ojexI'iting coal~f;red plmits with IGCe 
F{)r some existing coal-fired power plants, au alternative to (he 
post-ci)mbustI<mcapture systems discussed earlier is repowering 
with an rCicc:systeIll, In this casc- depending on site-'specihc 
circumstances: - some existing plant components; such as the 
steam turbine.: might be refurbished and utilized as part of an 
IGCC plant Alternatively, the emire cornbustionpHmt mightbe 
replaced with. il new laCe system while preserVing other site 
filCilities Imd infrastructure. . 

Although repowering has been widely studied asan option to 
inlprove plant performance and increase plant output, there are 
relatively few studies of' repowering motivated by COz capture, 
Table 3.8 shows results frornone reccntstudy (Chen et al .. 
2003) whiCh r¢PQrts C02 cupture costs for IGCCrepowering of 
a 250MW wal .. fired unitthatis assumed to be aJullv amortized 
(hence, a low

l
, COE of 21 US$ MWIi"), IGCe ~repowering 

yielded a net plullt capacity of 600 MW with C01 capture and 
a COB (if 62-67US$ MWh·1depen<,Jing on whether or not the 
existing steam'tul'bine can be reused. The cost of CO2 avoided 
WaS 46-51 US$/tC0

2
• Compared to the. option of retrotitting 

the existingP€ unit with .an amjne~bnsedcapture system nnd 
retaining the existing boiler CTable 3.8), the CbE fOl' IGCC 
rcpowcring mlsestim'Hedtobe 1O-30Q) lower. These findings 
are in general agreement with earlier studies by Simbeck (1999), 
Because the addition. of gas turbines roughly triples the gross 
plant capacity :of a steain~electric plant. candidates for .IGCC 
repowering at'e generally limited to smaller e.x.isting units (e,g., 
100-300 MW) .. Takcn together with the post.combustion re.trotil 
studies in TabJ¢ 3.8. the most cost-effective options for existing 
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plants involve combilling CO2 capture wi~h planf upgrades thm 
increase overall efficiency and net output. Additional studies 
would be needed to systematically compute the feasibility and 
cost. of lGCC repowering to supercritical boiler upgrades at 
existing coal-tired plants. 

3.7.7 CO) capture costfor hydrogen production and 
lIlulli-prodllctpiallls (currelllluhnology) 

While electric power systell1S hrtve been the dominant 
technologies of interest for CO

2 
capture studies; other industrial 

processes, inclliding hydrogen production and muIH:'pl'Oduct 
plants producing a mix of fuels,chemicals and electricity also 
are of interest Because C01 capture cost depends strongly 
on the pn;xluction process in question, several categories of 
industrial processes are discllssed be.low. 

3,7].1 Hydrogen productioJl planls 
Section 3,5 discussed the p~)tential role of hydrogen ~lS, an 
energy .can·ier and the techriological options fi.)t: its. prodUCtion. 
Here we cxamii1e the cost of capturing CO

2 
normally n:.~leased 

during the production of hydrogen from fossil fuels. Table 3.11 
shows the key assumptions and cost results of recent studies of 
CO~ capture costs for plants with hydrogen. production rates of 
155,000-510,000 Nm' ll l ·(466-1531 MWJ,employing either 
natural gas or coal as a feedstock. The CO; c,pturecftkiency 
for the hydrogen plant rangcsJrom 87-95% using commercially 
available chemical and physical absorption systems. The CO~ 
reduction per unit of product is lower; however, because oftll\;; 
process e11crgy requirements and beCItUSe of additjonal CO, 
emitted by an offsite power plant ~l$sumcd in some of thes~ 
studies. As hydrt;gen producti(:)11 l'cquires the separation of H, 
from CO

2
, the incremental cost of capture is milinly the cost of' 

CO
2 

CQmpression. 
At present, hydrogen is produced mainly from natural g'iS. 

Two recent studies (see Table 3.11) indicate that C01capwre 
would add approximately lS-33£}() to the unit cost of hydrogen 
While reducing net CO2 emissions per unit of H). product by 
72-83% (after accountJng for the CO

2 
emissions from imported 

electricity). The total cost of hydrogen is sensitive to the cost of 
feedstock, so different gas prices would alter both the absolute 
and relative costs orc0

2 
capture, 

For coal-based hydrogen production. ;} recent study 
(NRC,2004) projects an 89i) increase in the unitcostofhydrogen 
for an 83% reduction in COl. emissions per unit of prodtict. 
Again. this figure includes the CO" emissions from imported 
electricity, -

3.7.7.2 A1ulti-produCf plants 
Multi-product plants (also known as polygeneration plants) 
employ fossil fuel feedstocks to produce a Variety of products 
such as electricity. hydrogen. chemicals and liquid fuels. To 
calculate the cost of riny pruticular product (for a given rute 
of retum). economic analyses of multi~product plants require 
that the selling price of all 6ther products be spcci/lcd over (he 
operating life of the phn!. Such assumptions. in addition to 



Chapter 3: Capture 0/C02 

Feeds!ockCOSL LHV (usfijT~·")·········" 
Ret lilill. ,"plli Cll[1!:1cHv . LHV(OJ'h-'G'
Rid jjlant output ,apllO::ity. LH Vo Fuels (OJ 

n-I 

COll.l Cnal 
··.~:T~ .... m" 

1.26 
6706 ... 670;;.:·· .. 

.3853 3HS3 

.. 
73 73 ···-6l.7"-· -'6iT". 

...... _~o -C'13(l 

4:215 4.215 
0 0 

145 I .. _ .............. ---r- ..... m .. L~5 

159 

().89 5.26 
2627 9848 
1419 7504 

·121 73 
55.9 74.6 
80 96 

1.80 . .7.46 
0 0 
78 174 

Noi .... -·r··· ... ... ,..----.,.,.~ ... -
Not relX)ffeJ t\mil)<' ~cl1lbbe.r. MEA Sdexnl 

I 
Sck"nl CO,H,S co-

SMR Hlle gas sauboor I ftTort¢d I C;lpturc. 

._-+ ....... ·····-2627······· .. ·· 2954 
Sdexol 

6706 11495 8339 )\1'161 6706 2627 11495 

7504 6004 60(;4 ·-·14;U" )434 3853 .~fl53 1434 7504 

54.1 37,7 16.5 SA 
.~.... 3{):8 4tU 

45.0 30.8 61.3 

0.0 50.-{)-- 34J\ 
6.51 7.29 7.19 

--g27 

4.5 4.5 32:5 
2.2 2.2 38;9 

_~L_...... 2:L. 56.J~~. 

~O!~S: AlIto. .. ts in Ihis Il1blc are forcllptllre only und d() not indude the costs of CO,lrUTll;pmt and $w('age; see Charier 8 for total CCS costs, ,i Reported BIlV 
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those discussed earlier, can signilicanlly affeCt [he outcOtTle of 
cosJ c~llculations when there is not one dominant product at the 
facility. 

Several of the coal-based hydrogen production plants in 
Table 3.11 also produ(;e electricity. albeit in small ,amounts 
(in fact, smaller than the electricity quantities purchased by 
the stand·nlone plants). Most of these studies assume that 
the value of the electricity product is higher under a carbon 
capturcl'cgirne than without C(\ capture. The result is a 5-33% 

increase in hydrogen production cost for CO) reducti6nsof 72-· 
96% per unit of product. The case with the lowest incremental 
product cost and highest CO2 reduction assumes co-disposal of 
H,S with CO2, thus eliminating the costs of sulphur capture and 
recovery. As noted earlier (Section 3,7.6.1), the feasibility of 
this option depends sti'ongly Oil local regulatory requirements; 
nor are higher costs for rnmsporl and storage rclkctcd in the 
Table 3.11 cost estimate fonhis case. 

Table 3.11 also prcsen!s examples of multi-product plants 
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Tuble 3.11. coni/multi. 

iCO. calJwfed (MIen VI"'} 7.26lJ 3.269 3.547 I 15'74 ].819 :,479 JJS9] 3.790 4.021 i 1.481 7.2fi 

iCO~ rt'dudiolliullit product 56 46 50 27 31 ! 27 
W%. : ____ -+-1 --+---1 r Cost Results i 
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producing liquid fuels plus electricity. In these cases the 
amounts of electricity phjduced are sizeable compared to the 
liquid products, so the assumed selling price of electricity ha,~ 
a major influence on the product cost results, So too does the 
assumption. intwo of the cases of co-disposal of H?,S with CO2 

(as described above). For these reasons, the incremental cost 
of CO? capture ranges from a 13l;!1 decrease to a 139h increase 
in fuel product cost relative to the no-capture case. N()te too 
tbat the ovemll level of COl reductions per unit of product is 
only 27-56<';(>. This is because a significant portion of carbon 
in the coal feedstock is exported with the liquid fuel products. 
Mmctheless, an hnportatlt benefit of these fuel-processing 
schemes is a reduction (of 30-38%) in the carbon content per 
unit df fuel energy relutive to the feedstock fuel. To the extent 
these liquid fuels displace other fuels with higher carbon per unit 
ofcl)Crgy, there is a net benefit in end-use CO

2 
emissions when 

the fuels are bunted, However, no credit for sllch reductions is 
taken in Table }. 11 because the system boundary considered is 
confined to the fuel production plant 

3.7.8 Captllre costs/or other industrial processes 
(current technology) 

CO2 cim be captured in other industrial processes using the 
tec~niq4es described earlierfol' power gencmtion,While the 
costs~)rcapturemtly vUI'y considerably with the size. type and 
location of industrial processes. such costs will he lowest for 
processes or plants having: streams with relatively high CO) 
concenttarions; process plants that normally operate at high load 
factors; plants with large CO, emission rates; and, processcs 
that can utilize waste heat w:satisfy the energy rcquirements 
of CO) captllre systems. Despite these potential advantages, 
litHe detailed work has been carrk~d om to estimnte costs of 
CO

2 
capture at industrial plants. with most work focllsed on 

oil refineries and petrodlCmical plants. A summary of currently 
available cost studies appears in Table 3.12. 

3;7.8,1 Oil tefilling and petrochemical plants 
Gas~fii'ed process healers and steam boilers are responsible 
fdFtheolllk of the CO

2 
emitted from typical oil refint~ries and 

p~trochcmical plants. Although refineries and pelrochcmkal 
plants emit larg~ qWU1tities of CO2, they include multiple 
emission sources often disperscd over a large area. Economies 
ofsci.llecan be achieved by llsin'g centralized CO, absorbers or 
amincfcgenerators but some of the bt~nehts are offset by the cost 
ofpipe$ and ducts. Based on Table 3.14, the cost of capturing 
ai1d compressing CO

2 
from refinery and petrochemical phlnt 

heaters using cun'cnt technology is estimated to be 50-60 US$/ 
tC02 captured. Because of the complexity of these industrial 
facilities. along with proprietary concerns, the incremernal cost 
of plant products is not normally reported. 

High purity CO2 is currently vented to the atmosphere by 
some gas processing and petrochemical plarits, as described in 
Chapter 2. The cost of eo, capture in sllch cases would be simply 
the cost of drying arid (:ompressing the CO, to the pressure 
required for transport The cost would depend on various 
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factors, particularly the scale of operation and the electricity 
price. Based on 2 MtCO, yrl ancl an electricity price oftJS$O.OS 
kWh'), (he cost is estimated to be around 10 US$/tC0

2 
emissions 

avoided. Electricity accounts for over balf of the total cost. 

3.7,8.2 Cem,ent plants 
As noted if) Chapter 2, cement plants are the largcst industrial 
source of CO~ apart from power plants. Cement plants normaJly 
burn lower C()st high-carbon fuels such as coal, petrole,um coke 
and variolls \\'41stes. The nue gas tvpicall v has a CO, concentration 
of 14-33';1;'.1 by volume, significa~lly higher than at power plants, 
because co, is produced in cement kilns by dccpmposition of 
caI'bol1ate minerals as wdl as by fuel combustion. The high CO, 
concenti"ation would lend to reduce the specific cost of CO~ 
capturt.~ from flue gas. Pre-comhustlPllcapture; if used, \vould 
only capture the fuel-related CO,i so would be ohlya partial 
solution to CO2 emissions. Oxy-t'uel combusti()n andcapturc 
using ca1ciumsorbents are other ()ptions, which are described 
in Sections 3.2.4 and 3.7.1 1. 

318.3 Integrated sue' mills 
Integrated steelmiHs are some of the\vorld's l~\rgest emitters 
of COl' as descri~1ed in Chapter 2. About 70% of the C~lrbori 
introduced inH:) an integrated steel rniU is contained in the blast 
furnace gas in the forrri of CO} and CO, each of which cOI11prise 
about 2(Y;0 by volume of the gas, The cost of capturing C(), 
from blast furnace gas was estimated to be35 US$/tC0

1 
av()ided 

(Faria el 01" 1995) or 18 US$itCO). captul'cd (Gielel1,2003). 
Iron ore can be reacted with synthesis gas or hydrogen 

to produce iron by direct reduction (Cheeley, 2000). Dil'ec.t 
reduction processes are already lIseci commercially but further 
development work would be needed t() reduce. their costs So as 
to make them more widely c()Jnpetitl\ie with conventional iron 
production processes. The cost of cap lUring Co.? fmma direct 
reduction iron (DRI) production processes was estim'ated to be 
10 US$!tC02 (Oielen, 2003). Cal also could be captured from 
othel'gascs in iron and steel mills but costs would pro,bubly be 
higher as they are more dilute or smaller in scule. 

3.7.8.4 Biomoss pllmls 
The main large point sourccs of biomass-derived CO~ are 
currently wood pulp mills, which erhit CO"lfrom black liquor 
recovery boilers and bark-fired boilCI's, and sugar/ethanol mills, 
which emit CO! [wm bagasse-tired boilers. Black liquor is a 
byproduct of pulping that cOIHains lignin and chemicals used 
in the pulping process. The .cost of post-combustion capture 
\vas estimated to he 34lJS$/tCO" avoided in a plant thal 
captures about 1 MtC0

2 
Yf'l (Mt)!le;stenet al" 20(3). Bionulss 

gasitication is under development as an alternative to boilers. 
C(\ could be captured from sucrose fermentation and from 

combustion of sugar cane bagasse at n cost of about 53 US$I 
tCC\ avoided for a plant cHptllring 0.6 MtC02 yr1 avoided 
(M611ersten el al., 2003). COl, from SLigar cune fermentation h,ls 
u high purity, so only drying and compression is required. The 
overall cost is relatively high due to an annual load factor that 
is lower than that of most power strtlions and Jarge industrial 
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plants; 
CO" could be capmredat steam-generating plants or power 

plants that use other biomass byproducts andJorplirpose-grown 
bi()mass. At present most biomass plants are reliltivdy smaiL 
The cost of capturing 0.19. MtCO, yr" in H 24 MW biomass
powered IGCC plant, compared H to a biomass IGCe plant 
without capture, is estimated to be about 70 US$/tC01 (Audus 
and Freund, 2005). Larger plants using purpose-grown biomass 
may be built in the future and biomass can be co-lired \-vith 
fossil fuels to give economies orsealc, as discussed in Chapter 
2. Bi()mass fuels produce similar or slightly greater quantities 
of CO~ per unit offucl energy as bituminous coals; thUS, the 
CO

2 
CC;llccl1tration of flue gases from these fuels will be broadly 

simih.u. This implies that the cost of capturiilgC01 at large 
power plants using biOrrlass may be broadly similar to the cost 
of capturing CO, in large fossil fuel powerplants in cases where 
plant size, emci~ncy, load factor and other key parameters are 
similar. The costs of avoiding CO,emissions in power plants 
that use biomass are discussed· in I110re detai I in Chapter 8, 

Outlook for futllre CO2 capture costs 

The following sections focus on 'advanced' technologieslhut 
are not yet commercial availa.ble, but \vhich promise to lower 
CO

2 
capture costs based on preliminary data and design studies, 

Earlier sectiOi1S of Chapter 3 discussed sorneof the eflhns 
underway worldwide to develop lower-cOSt options for cn~ 
capture. Some of these developments are based onncw priKcss 
concepts, while others represent improvements to current 
comnlercial processes, Indeed, the history of technology 
innovation indicates that incremental technological change, 
sustained over many years (often decades)j is often the most 
successful path to substantial long-term improvements in 
performance and reductions!n cost of a technology (Alic el at .. 

20(3). Such trends are commonly represented and quantified 
in the formofa 'learning curve' or 'experience curve' showing 
cos~ reductions as a function of the cumulative adoption of a 
patticular teChnology (McDonald and Schrnttenho\zer, 20())). 
Ope recent study relevant to CO~ capture systems fonnd that 
over thep4st 25 years, capital costs for sulphur dioxide (S(\) 

and nitrogen oxides (NO) capture systems at US coal-fired 
po\<yt!rplantshave decreased by an average of 12% for each 
doubling of installed worldwide capacity (a surrogate for 
cumulativ~~xperience, including investments in R&D) (Rubin 
et aI" 2004il): These capture technologies bear a number of 
similarities.Jo current systems for CO, capture. Another recent 
studynEA, 2(04) suggests a 20% cost reduction for a doubl ing 
of the unit capacity of en girl ee red processes due to technological 
learning. ForCCS systems the importance of costs related to 
energy requirements is emphasized, since reductions in such 
costs are required to significantly reduce the overall cost of COj 
capture, 

At the same time, a large body of literatuj'e on technology 
innovation als'o teaches us that learning rates are highly 

163 

uncertain,!' and that cost esti mates for technologies atthe early 
stages of de velOPI Dent are often unrelhible and ()verly optimistic 
(Merrow e! al;, J 981). Qualitative descriptit>ns of COSt trends 
for advanced tecQnologies and energy syste.ms typically show 
costs increasingthml the research stage through full-scale 
demonstration; only after one or more full~scaJe commercial 
plants are depl6yed do costs begin to decline for subsequent 
units (EPR]. 1993; NRC, 2003), Case studies of the SO~ and 
NO, capture systems noted 'l.bove showed simi}ar beha~iour, 
with large (factor of two or more) increases.in lhecost of early 
full-scale.FOD and SCR installations l:>efore costs subsequently 
declined (Rubin et al .. 2004b). Thus. cost estimates for CO2 

capture systems should be viewed in the context oftheircm'rent 
stage of development. Here we try to provide a perspective on 
potential future COStS that combines qualitative judgments w'ith 
the quantitative cost estimates offered by technology developers 
and analysts. The sections l:lclow revisit the areas of power 
generation and other industrial processes t() highlight some of 
the major prospects fOt' CO?, capture cost reductions. 

3.7.10 COl capture cO.vts for electric power plants 
(advanced technol(Jgy) . 

This section first examines oxy-fucl combustion. which avoids 
the need for CO~ capture by producing a cOncentrated CO, 
stream f()r delivery to a transport and storage system, Following 
this we examine potentiaiadvnnces in post:":c()mbustionand 
pre-combustion capture, 

3.7.10.1 Oxy-jilei combustion syslenls 
It is lirstimportant to distillguish between two rypcsof()xy~fuel 
systems: an oxy-fucl boiler (either a retrofit or new.dcsign).alld 
()xy~fuel combustion-based gas turbine cycles,. TheJorinCl'are 
close to derllonstr<tticmat H commercial scale, whi!ethe latter 
(such as chemicallobping combustion systems and novel pmver 
cycles using CO/water as working fluid) arestiH at the design 
stage, Table 3.1 3 summarizes thckey assumptions lU1(tcost 
results of several recent studie,,; of CO

2 
capture costs for oxy

fuel combustion syslcmsapplied to new or exislingcoal-fired 
units. As discussed earlier in Sectioo 3A. oxygen combustion 
produces a Hue gas stream consisting primf\rily of CO" and 
\vater vapour, along with smaller amounts of SO". nitroge~ and 
other trace impurities, These designs eliminate tIle capital and 
operating costs of a post-combustion CO, capture system, but 
new (Osts are incurred fOl" the oxygen pl~l1t and other system 
design modifications. Because. oxy-fuel combustion is still under 
development and hus not yet been utilized or demonstfflted for 
large-scale power generation.the design basis and cost estirnates 
fbr such systems remain higbty variable and uncertain. This is 
refic.cted in the wide range of oxy-fuel cost (~slilTlates in 'fablt: 
3.13. Note, however, that COSt estimates for advanced design 

" InIheir study nf 42 energy-related le~hnnlog{cs. McDllnnld und Schi'attenholzer 
(2001) found learning ralcsvllrying I'roI11-14/3'0.to 34r;*" witha medinn value of 
161/0, These nlles represiml th;:' ,I\;erag~: r(~dllCllon in cost for' eachuoublillg of 
installed capacity, A ncgativ~~ learning rate indkaws lh'li ~'(lsts inCt'CllH~d rllthcr 

, lhandecreltst·d over llit, period' studied, 
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concepts based on oxy-fuelcombustion gas turbine cyt:les 
are more unc~rtain at this tIme than cost estimates for new or 
retrofitted boilers employing oxy-ftJd combustion. 

For new p'lamapplicatioI1s, the data in Table 3.13 indicate 
that oxy-fuel combustioI1 adc,is about 30-90% to the capital cost 
and 30-15n~:(to the COEofaconventi9nalpl~mt, whilercdllcing 
CO~emissi()~sp~rk\Vh by 75-100%. Retrofit applications 
exhibit higherrelative~9stsjn cases \vhere the existing plant is 
wholly or partially amqrtized. The lowest-cost oxy-fuel system 
in Table 3.13 is one th~t employs chemicall()()ping to achieve 
nearly a 100'70 redut:.::tibnin en, emissions. While this concept 
thus appearspr6mising(see Section3A6), it has yet to be tested 
and ,'crilled alia meaningful ,scale. Thus (;ost estimates based on 
conceptual designsn~main highly uncertain at this time. 

To judge t~e potential C()st savings of oxy-fuels I'elative to 
cuh'ent Co~ capture systemji, it is useful to compare the costs 
of alternatj~e technologies evaluated within a particular study 
based on a palticular set of pr~mises.lu this regard, the COB 
for the oxy-fut(1 retrofit system reported lJY Alstom el al. (2001) 
in Tuble 3.13 ;is 20% }o\ver· thanthe cost oLan amine system 
retrofit (Table ,3.J3)Jor.thesame 255 MW plant. while the cost 
of CO2 avoid~d is 269f lower .. In contrast, a recent study by 
thp Canadian Clean Power Coalition (Stobbsand Clark, 2005) 
reports that the COB for an oxy-fuel system ata hlrg~ lignite
fired plant (T<lbh.~ 3.1 J) is 3M'c! higher than forim amine {X\ 
capture system. while the cOst of CO2 avoided is ill())'e thMl 
twice ~is great.; The major source of that cost diffetence was a 
specification ill the cepc study that the oxy-fucHcd unit also 
be capable of full air tiring, This resulted in a: 11111<.'.h higher 
capital cost th~m for a new unit designed solely for ox.y-fueJ 
opcration._A.more recent study sponsored by lEA GHG (Dillon 
el a/., 20(5) fOlllld thal a large m~w supcrcritical coal-fired 
bQilerwith oxy-fllel combustion h,-id a eOE slightly (2~3%) 
lower than a state-of-the-art coal plalltwith post·-comhustJon 
analyzed in a ; separate study ernployingsimilar assumptions 
(lEA GHG, 20(4). Further cost reductions could be :ichieved 
with the succ~ssful devel()pment of new Imver-cost oxygen 
production technology (see Section 3.4.5). At .the currcnt time, 
the optimum designs of oxy-fuel combustion systems are not 
yet well established and costs of proposed commercial designs 
remain uncertr~in, This is especially true for advanced design 
concepts- that employ components which are n.otyet available. 
or still in the 4eveldprnent stage, such as CO2 gas turbines or 
high temperature ceramic membranes for oxygen production. 

3.7.10.2 At/WInced systems with P()S/~Coniblistioll capture 
Improvements; to current amine-based SystCITIS ·for post" 
combustion CO

2 
capture are being pursued by a number of 

process develQpers (Mirnura t't ai., 2003; Muramatsu and 
lijima. 2(X)3; Reddy et ai" 2(03) and may otTer the nearest" 
term potential fot c(lst rqductiol1s over the systems cutrerltly 
in use. The newest systems summarized earlier in Table 3.7 
reportedly redt,lce thecosf of COl avoided by. approximately 
20-30% (lEA GHG,2004). Tflble 3.13 indicates that additional 
advnnces in plrintheat integratic>ncould further reduce theCaE 
of capture plants by about 5%, Theseresllits are consistent with 

fPCCSpccial Report on Carbohdioxide Capru;"ealldS/(Jrage 

a recent study by Ruoct ai. (2003), wh~) used expert elicitations 
and u plant simulation model to qllantify the improvements 
Iikelyachicyable by 2015 for four key process parameters: 
sorbent concentration, regeneration energy requirements. 
sorbent.loss and sorbentcost. The 'nlost likely~ improvement 
was an 18~'{) redlictioninCOE, while the 'optimistic' estimates 
yielded a 36% cost reduction from improvenienis in just these 
four paj-ameters~ The cost of CO

2 
avoidedwc:!\s reduced by 

similar anl0unl'i, AdVances in more efficient h~at integration 
(for s{)rbent. regeneration) and higher power plant erticJency 
could lead to even greater reductions in CO, capture. cost 

Advancesingas turbinc·technology·produce ~\milar benefits 
for NGCe systems. Table 3.13 shows several cases hased on 
the H-turbine design. Relative to the cases itl Table 3.9, these 
systems offer higher efficiency andgrealer CO, reductions 
per kWh. The higher COBs for theitdvanced N:o'CC .systems 
l'ellccts the higher natural gas prices assumed ih more· recent 
studies. 

Table 3.13 indicates that other udvanc.ed tcc':hnologies fpr 
post-cornbustlon applications. such as membrane sep~lrlltion 
systems, mill' alsoi()wer the future cost of CO2 capture (see 
Section 3,3.3). Reliable cost estimates for such technologies 
should awaittheir fUl1herdeveloprnent and demonstration. 

3.7j(),3 Advanced sysfemsWithpte-cOinbustion capture 
Thc\.:ost of gasHicatiolt-based sys£cms with CO

2 
captmealso 

can be expected to fall as a result of continued ;Improvernents 
in gas turbine tcchnolpgy, gasifier designs, oxygen producti<.'m 
systems~ carbon capture technology, energy management and 
optimization of thet)venilJ facility. One recent study (lEA 
GHG. 20(r~}estirnates a 2(V{r;reductiol1 in the cost of electricity 
generatiol1 from a cbal-btised IGCe plaIn with CO2 capture by 
2020. This takes into account impro\'ements in gasification. 
oxygen production, physical s6]vent scrubbing and combined 
cycle processes; but does nor take into account any possible 
radical innovations in CO2 scparationtechnO]ogy. The additional 
IGee cases shown in Table 3.U, including recent results of the 
CO, Olpttlre Project (CCP, 2005), foresee similar reductions in 
the -COE of advanced IGCC systems compared to the systems 
in Table 3.10. 

3.7~11 'co z capillrel~ost/; for hydrogen productionalld 
'rllllti~product plants (advanced techuf>/ogy) 

Table 3.14 shows results ofse.vetal recent studies that have 
projected the performance and cost of new or irl1pl'oved ways 
of producing hydrogen and electricity from fossil fuels. 

Compared to the current commercial plant.s 'in Tablt~ 3.11. 
the, advance'd single:...product systems with C(\ capture have 
hydrogen cost reductions of I M{; (for nnturalga~ feedstock) to 
26% (for (;oal feedstock). Additional cases ill Table 3.14 show 
multi-product systems producing hydrogen ~lI1d electricity. 
These c(isesindicate the potential for substtlntiaI rectucti()J1S in 
the future cost of hydrogen production with CO2 capture_ As 
before, the results are sensitive to the assunied s(;!lIing price of 
co-product electricity. More irnp()f'tamly, these cases assume 
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the successful' scale'-UI) and commercialization of technologies 
that have not [yet been demonstrated, or which are still under 
development ~t relatively smal1scale~, such as solid oxide fuel 
cells (SQFe).: Published cost estimates for these systems thus 
have a very hi'gh degree of uncertainty, 

3,7.12 CO, capture costs/or other illdust";{l/ processes 
(lld~anced technology) 

As noted euriit.!r,Cn, capture for industrial processes Ms not 
been widely st'lidied, The most extensive analyses have focused 
on petroleum' refineries, especially CO

2 
capture options fOl' 

heaters and othercombllstion-based processes (see Table 3.1 2); 
The lise of oxJ;,fl.lel combustion offers potential cost savings in 
se.veraJ industtiial applications. The co:! Capture Project reports 
the cost of captliring CO,ip refinery h(,~atcrs· and.boilcts, with 
an ion traI1sp()rt membra'ile oxygen plant,tQ be 31 US$itCOz 
avoided. The cost of pre-combustion capture based on shift and 
membrane gas separation was predicted to be 41 US$/tC02 

avoided fCCP,' 2(05). . 
It :.llso may be, possible to arjplyoxy;fllcl combustion to 

I cement plants,: but the CO2 partial pressure in the cement kiln 
\vould be higher than normal and the effects of this on the 
dllcin{HicHl re~lcti()ns and the quality ()f thecerlient product 
would Heed to beinvestigaled. The quantity of oxygen required 
pcrtonne ()fC0

2 
captured in acementplant would be only abou~ 

half as niutha~ ina power plunt. because. only about half iJf the 
CO,) is produced by fuel combustion. Thisimplies that the cost 
of C:01-capture by oxy~fllel cornbustjon at Jarge cement plants 
would belo\ver than at pow'er plants, buta detailed engineering 
cost s[udy is lacking. Emerging technologies that t;;apture CO) 
using cakium":basedsorbents, describ~d in Section 33.3A, may 
be cost cornpe~jtive incernent plants iii the futm'c, 

3,7.13 Summary o/COz capture cost estimates 

Table 3,15 summarizes the range of currentC07 capture cc>sts 
for the major electric power' systems unalyzed:in this i'eport, 
These C()sts apply to case studies of/arge new plants employing 
cUtTent commeh;ial technologies. For the PC and IGCe systems. 

, . '. ., , 

the data in T3~le 3. J5 apply Qnlyto plantsusmg bltummous 
coals and the PC plants are for supercriticalunit& only. The cost 
I1Inges for cadl o1'1he three systems reflect differences in the 
technical, economic and operating assumptions employed in 
different studies. While some diffel'ences in reported costs cail 
be attributed to differences in the CO

2
' capture system design, 

the major sourceS' of variability are differences in the assumed 
design, operatic)fl and financing ufthe reference plailtto which 
the capture technology is applied (i.e.,factors sllch as plant size. 
location, efticicIH.:y, fuel type, fucl.cost,cnpucity factor and l'OSt 

of capital). Because no single set of assumptions applies to all 
situations or all: parts of the world. wedisphlY the rnnges of cost 
represented by the studies in Tuhles3.8, },) 0, }, 11 and 3.12. 

For the po\~:er pJant studies refll1cted in el~lbl(~· 3.15, current 
CO, capture sy:stl~ms reduce CO, emissiol1spcl' kilowatt-hour 
byilpproxirnat~ly 8~PXYhi relati~e tba similar, plrint without 

IPCC Special Rt'l)(jrf on Carbon dioxide Capture alit! Storage 

capture. The cost of electril:.~ity production attributed to CO
2 

capture increases by 35,70% fora natural gas combined cycle 
plant, 40-85% fora neW pulverized coal plant and 20·55% for an 
integrated gasification combined cycle phmL OveraJI. the COE 
for fossil fuel plants with capture ranges from43-86 US$MWtr 
I, as compared to 31-61 US$ MWb- 1 for sirnilar"plants without 
capture, These costs include CO., compression but not transp()ft 
and storage costs. In most stu-dies' to dare, NGCC systems 
typically have alowerCOE than ri.ew PC imd lGCe pitmts (with 
or without tapture) fo)' large base load plants with high capacity 
factors (75% or ITlqre) and gas prices below about 4 US$ GY 
over the life of the plant. However; for higher gas pritesHildl 
or lower capacity factors, NGCC plants typically have higher 
CORs than coal-based plants, with or without capture. Recent 
studies 'llso f(mncl thut IGCe pUtnts were ()naverage .slightly 
morecnstly without capture and slightly less costly with captUl'e 
than similarly sized PC plants. However. the difference in cost 
befween PC andIGCC plants with or without co, capture (an 
vary significantly with coal type andothej· local ilctors, such 
as the cost of capital. Since neither PC Ill»' IGCe systems have 
yet been demonstrated with CO, capture ~md storage for a hu'ge 
modern power plant (e.g.; 50(f MW). neither the absohHe or 
relative costs of these systems (nor comparably sized NGCC 
systerns with captu,'eand storage) can be stated with ahigh degree 
of confidence at this time, based on the criteria of Table 3.6. 

Table 3.15 als~) shows that thelow~st CO? capture costs with 
currenpechllology (as low as2 US$/tCO, captured 01' avoided) 
were found for industrial proct!sscs such as coal .. hased hydrogen 
production plants that produce concentrated CO, streains as 
pat1 of the produdtionprocess. Such industrial pr()Ccsses may 
repl'esentsome of the earliest opportunities for CCS. . 

Figure 3.20 displays the normalized power pJnnt cost and 
emissions data fr()I11 Table 3_15 in graphical form. On this 
graph, thecos(of CO2 avoided corresponds to the slopeoLI line 
(onnecting any two plants (Oi' points) of interest. While Table 
3,.1 5 compares a given captu.·c plant w a similar plmjt without 
capture, in some cases comparisons muy be sought between 
a given capture plant and a different typeofrcference plant. 
Several cases areiUustratcd in Figure 3.20 hased on eithel' a 
PC or NGCC'referem;e plant. In each case, the COE and CO

2 

emission rate are highly dependent upon technical, eco't1omic 
and financial factors related to {he design and operation of the 
power systems of interest at a particular location. The cost of 
CO

2 
avoided is especially sensitive to these site-spediic factors 

and can vary by an order of magnitude or more when different 
types of plants are compared. COinparisons of different plant 
types, therefore, require a specific coiltcxt and geographical 
location t6be mcunirigful arid should be based 011 the fuJI COE 
including CO

2 
tl'anspolt and storage costs. Later. Chapter 8 

presents ex.amples of full CCScosts for different plant types 
and storage options. 

In contrast to new plants; COl capture optl(lIlS and costs for 
existing power plants have not been extensively stlidied. Current 
studies indiciHe that these costs are extremely Site-specific and 
fall into .two catcgol'ies (see Table :~,8).On(: is the rqrofitting of 
aposH::ombustitin capture system. to the existing unit. 
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I~apturl':, LHV basis (%) .• -J... I \ 
Capture energy requirement 11 22 ]6 24 40 3]· 14 25 /9 4 22 8 I %. more ~nergy inputGJ-i proqucl 
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New plants 
with capture 

Cd Pulverized Coal Combustion (PC) 

100: 
i 

Integrated Coal Gasification Combined Cycle (IGCC) 

Natural Gas Combined Cycle (NGCC) 

New.gas and coal plants without capture 

20· 

O+------r--~~----~----~------r_----~--~~----~----~----~ o 0~.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

CO2 emission factor (tCOiMWh) 

---------.:..-..------'_ ... -_. __ .. _ .. 

Figure 3.20 ~'ost ofelettricity (exCluding iHlnsport andstorag~ C()st);) compal'ed to CO~ clnissionmle for diffe.rent reference andcaplureplimts 
based on current technology. The shaded areas she)\.., theTablc). 15 ranges of CO, emission rat(~s and lcve/ized cost of electricity (COE) for new 
PC,IGCCundNGCC plants with and without COzcapture. All coal plant d'ltn are for bitunlinous coals only. PC plants are supercriticaJ units only 
(see Tables 3.7, 3.9. 3;10 and 3.15 forndditional assumptions). The c:ost of CO, avoided correspondsto the slope of n line connc;.::ting a plant wirh 
capture and a referenc{~ plant \vithout capture (Le .. the change in electricity cost divided by the change incllllsslOIl (rite). Avoidance: costs fmtlle 
s(trne type. ()fplimt with and without capture plant are given!n Table 3. J 5 When comparing different plant types, the reference plant represents 
the least-cost pJ~l1nhat would';/l{)nnally' be built atapartlcular location in theabse.nce of acarbon conslwint. In many rcgjonstod~ty, this would 
be either H PC I)limt or an NGCC plant 'file cost per tonne of C:O,tlvoidedclJ) be highly variable and depends strongly on the costs l.lnde:rnissions. 
of ne\v pJamsbeing considered. In a p,)rticuinr situation. See ChaineI' 8 for the full COE and full cost of Co., avoided for dificrent planttypes, !. . .. . . , 

The other category. combines CO, t;upture with upgradi.ng 
or repmvering the existing plant- to significantly improve 
its cfllcicncy <lnd net po\ver o(itpU( (sec Sections 3.7.4.2 and 
3.7.5.2). In general, the hItter option appears to be more cost
effe.ctive .. However, further site-specific studies arc requirc<J 
to systematically assess the feasibility and cost of alternative 
l'epoweringoptions in conjunction with CO2 capture for existing 
po\ver.plants. : 

New or improved methods of COJ" capture, combined \vilh 
advanced p{)w~rsystemsand indllstrialprocessdesigns, promise 
to significantly'rc(hlCe CO

2 
capture costs and associated energy 

requirements, Tables 3.12 h) 3.14 summarize the results from 
receritstudies tpatexamine future options. As discussed earlier. 
there is considerable uncertainty ulJout the magnitude and 
timing of futur~ cost reductions, as "veil as the potenti.ll for costs 
to rise above .ClIlTent estimates, especially for technologies still 
.in the early stages of research and development. The current 
assessment is based on studies oCthe specific technologies 
in Tables 3~ 12'. to 3,14 (and the supporting discussions Hnd 
IiteruLUrecited :in Sections 3.7.9 to 3.7.12), as well as analyses 
of historicalc()st u'ends for related energy and environmental 

. technologies. This asses~mel1t suggests that improvements to 
current cCHnrnerciul technologies can rcdtiCe CO, capture costs 
by at least 20-3tv~{; over approximately the next -de¢11(ic, while 
ne\v technologies under development promise more substantial 
cost reductions. Achieving future cost reductions, howeVer; will 

I require deployment and adoption of commercial technologies 
in the marketplace as well as sustained R&D. 

3.8 Gaps hi knowledge 

Gaps In knowledge are related to differences in the stages of 
development of corrlponent te<:hnoiligies forthe capture systems 
reviewed in Sections 3.2 t03,5~ For CO

2 
cupture from industrial 

processes, it number of technologies that are commonly used 
in natural gas sweetening and ammonia production are already 
used on a commercial scale. For orhertypes of industrial systems 
capturing CO? from steel and cement production, further work 
is still needed. Fqr COl capture that might be reliant on post
combustion capture or oxy-fuel combustion, options are less 
welldeve!qped, of are available at a smaller scale. than those 
reqllired for applications SLich as in power generation. where 
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IBuch larger gas flows are handled. For pre-combustion capture 
many of the required systems have been developedund applied 
in industry already. 

Although many of the component and/or enabling 
technologies required for CO2 capture in post-combustion, 
pre~combustion and oxy-fuel combustion are well known. 
gaps in knowledge are in the practical und/ol' commercial 
demonstration of integrated systems. This demonstration is 
essential to prove the cost of CO

2 
capture and its use on II large 

scale, pa.lticularly in power genewtion applications, but also for 
cement, steel and other large industries. Operating experience 
is also needed to test system reliability, impmved methods of 
system integration, methods to reduce the energy requirements 
for CO,capmre, hnpt6ved prt)cess control strategies and the 
use of ()ptirnized functional materials for the implementation 
of cHpture pro'cesses with advanced, higher efficiency power 
cycles. As such developments are realized, environmental 
issues associated with the capture of CO, and other deleterious 
pollutants in these systems should alsl) be fe-assessed from 
a perspective involving the whole capture4ransport-storage 
operation. 

loan ongoing search to implement existing, new or improved 
methods of CO, capture, most capture systems also rely on the 
application of a t'angc of enabl ing technologies that inn uence the 
attractiveness of a given system. These enablingtechnolqgies 
haVe th~ir oW,n critical gaps of knowledge.' For examplt~. 
improved processes for the effective removal of sulphur, 
nitr9g~n.chlorine. mercury and other pollutants are needed for 
lQe:eff¢ctive performance of Ilnit operations for CO, separation 
illpost~ and pre-combustion cnpture systems, espe~ially when 
coal is used aS1he primary fuel; Improved gasihcalion rC<lClors 
for coals arid'biomass, the availability of hydrogen~burning gas 
turbines and fuel cells for stationary power genenltion also need 
further developnlent in the pre-cOlnbuslion route, Combustors 

and boilers operating at higher temperatures. or a new class of 
C02 1llrbines.ind c{jmpressors. are important requ irements for 
oxy,.fueLsysterns; 

Withre'ference to the development of novel CO~ capture 
alld/or ()th~r eilabling technc)iogies, a wide range of options 
an! Cllli;blltlybeing investigated wol'ldv,,'ide. Ho\vever, many 
techhk~tl'detail~H)f the specific processes proposed or under 
d~velopment for these emerging technologies are still not well 
understOod. This makes the asseSSInent of their performance 
and cost highly uncertain. This is where intense R&D is needed 
to develop and bring to pilot sc,lle testing the most promising 
c.oncepts for commercial application. Membranes for H", CO2 

(jfO~sepal;ation. new sOl'bents, Q, or CO~ solid carriers and 
rilatetials for advanced combustOl:S. bnile~s and turbines all 
require extensive performance testing, Multi·pollutant emission 
cOl1holsin these novel systems and the impact of fuelilnplll'ities 
ai'ldtemperature on the fUI1(,tiomil materials, should also be an 
area of ftlture work. 
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UNIT-SPECIFIC CONDITION 2: CONDITIONS F(JR BUU< MATERIAL ,HANDLING OPEHATIONS 

2.1 Description of Emission Units 

The affec t.ed un.Lt s for thepUfpOSt~ of th(~S0; unit -spec1 fie pE:!nni t concii tions are 

~~: c ~~)'~~ :lS p ~ ~.~ ~ ~~~dr~: V:1Cl ~ ~: i~(~.~ e ~ ~\ ~ It.l~ 0 ~ h; ~}::~~~u 7- ~ ~ ~ 1 ~:~ t:~ t ~m~: :L~ ~: ~ a~ ~ ~~~u~~: ng 
coal, pet.roleurn ,:::oke i (:::0,,31 tail lngs, limestone ic'1nd ash. 2\ffected uni La include 
receiving, transfer, handling, storage r proceSsing or preparation (drying, 
crushing, etc.) and loading operations for such materials~ 

2.2 Control Technology Determination 

a. 

b. 

1. 

ii. 

Emissions of par'ticulate matte:( frorna£fected, units, other- than 
operat,1,ons associated vdth material ~storage in buiJditig or associ,::.tE1d 
with storag~ piles, shall be controlldd ~ith enclosures and asp~ration 
to baqhouses or other filtration devices desiqned to emit rV) more than 
0.005 grai na/dry standard cubic fc)ot (gr /dscfj. TLese clevi.cc5 shall b(i 
oper~ted in accordance with good air pollution control pr~ctice to 

, >. • ~ 

nU.n 1m.1. ze Cfn.l SSlons • 

There shall be no visible fugitive emissions, as defined 
60.671, from storage buildings . 

40 CFR 

. Ui. Storaqe piL(\s shaLL be ,:;ontrolled by nncl()surtj, rnat,clri.al quality, 
temporary COV(:;l:a and appL:L<::ation of ~·!ater or other dust sl.ippressants so 
as to minimize fuqit: iVf;; 0rnissions to the cxl:.en t pr:acticable. 

L The only fuel burnedln the limestone drying mills shall be natural 
gas, as defined by 40 CPR 60.41a. 

i1. Emiss ions fr:'orn each limes tone drying mill at tributab1e to ccmbus t.ion of 
fuel !3ha.l.l lI.()texceed t.l:v~ fo1:1okl.i.nq 1i.mits, 0:).CF;pt duri.ncj startup and 
shutdol>lrl. These 1 imi ts .':lila 11 aPi)l Y dS d 3-hour block a veraqo i v:r:i. th 
ccmp1 lance detenntncdin acc;ordantE! '''';.1 th CCJl1CU. t1.on 2.8 and pfope.:r 

A. N(\, 0.07:31 bimi. .11ion Btu. 

B. CO - 0.20 Ih/mill.1on Btu. 

VON - 0.02 lb/million Btu. 

2.3 Applicable Federal Emission Standards 

a. Affe ted uni t~') enqaqed in handling l:Lmestone sha 1.1 c:omp.l.y vlith applicabl.e 
requ rement:') of t.he NF;PS fer t~()nmE,t.a.l.J.lc t1ino.r:al P.roc€:ssing Plants, 40 eFR 
60, ub'pact (JOO and :ceLc!ted prc\! 13io[1s of 40 CFR 60 I Subpart 1<.. 

i. Pur:suant tc the NSFS, :'3tack emissi.cns of particul.ate matte,.[ are subject: to 
the following limitations: 

/\ .. The rate of emis3ions shall not exc0ed C.05 
q/d~':(:.f) (40 C:FP 60.672 (a.) (1)) '.': 

(0. ()2 



Commonwealth of Kentucky 

Division for Ai .. Qunlity 

.R.ESPONSETO COMMENTS 
ON THE 'rITLE V DRAFTPERMlT V.;.07-017 

CashC.·eek Generation,LLC. 
Cash Creek Generating Stntion 

Henderson, KY 
Nbvember28, 2007 

Combustion Section, Reviewer 
SOURCE ID: 21-101-00134 
AGENCY INTEREST: 40285 
ACTIVITY: APE2006000 I 

SOURCE DESCRIPTION: 

Cash Creek Generatioli, LLC, has applied to the Kentllcky Division for Air Quality fora 
Title V pem1it to construct a nominal 770 megawatt (M\V) electric generation station to be located at 
Kent;ucky State Highway 1078 in Henderson, Kentucky. The lGCC facility, an air separation plant, 
a co~l gasification t:1cility and a combined cycle power generation facility are integrated int() a 
single efficient electric generation station to produce electricity from synthesis gas (syngas). The 
syngas\.vill be theprimar)' fuel used to fire two, ('jE7FB series combustion tutbines (CT's)in 
cOfnbination with two heat recovcry steam generating (HRSG) units and a ~team turbitie toprodncc 
elec~ridty. For thc.IGCC combustion turbines,SCR and nitrogcn diluent to control NOxemissions 
has heen Included. Additional associatedeqllipment are the tail gas thermal oxidizer, gasifier narc, 
the i:issociated material storage and handling processes (coal, and Gombustionby-pl~oducts), the 
cooJ~ngtower, the auxiliary boiler, and the emcrgency fire water pump. 

The proposed project is classificd as(a Title V major source due to its cmissions of 
regulated air pollutants. It constitutes a major stuUonarysource as defined in 401 KAR 51 :017, 
Prcv~ntion of Significant Dcterioratioll of Air Quality and is subject to. evaluation and review 
under the provisions of the PSD regulation. The proposed project will result in a significant 
emissions increases of the foUowing regulated air pollutants: Particulate matter (PM. & Pivl io), 
carbon monoxide (CO), volatile o.rganic compounds (VOC), nitrog<m oxides (NOx), sulfur 
dioxide (S02), and sulfuric acid (H2S04) mist. The pn)ject is not.:1 major source for Hazardous 
Air Pollutants. 

PUBtLIC AND lJ.S.EPAREVIEW: 
I 

An advertisement was placed in 111e Gleaner of Henderson, Kentucky onM.ay 20, 2007 
announcing the public comment period and announcing a public hearing At Henderson County 
Court House in Henderson, Kentucky on June 29, 2007. The Division for Air QU(llity received 
comments on the draft pennit during the public hearing in Henderson, Kentucky onJtmc 29, 2007. 
The public comment period expired 30 days from the datcof publication. 

Comnlents were received from Cash Creek Generation, LLC, U.S. EP A,Regil1n 4, 
EnvironmentalLaw and Policy Center, Sierra Club, Warrick County, Newburg Township, City of 
Evansville, Dr. Theodore Stransky, Steve Jenkins ofCH2ivl Hjlt and Reverend David E. Latham. 
Attachment A through Attachment J to this document lists the comments received and the Division's 
reSPQnse to each comluent. The U.S. EPA has4? days to comment on this proposed permit. 

Cash (:rcck 
V~07wq17 
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Abbreviations and a~ronyms are used in these comments 

BACT - best available control technology 
CAM - compliance assurance monitoring 
EGR - exhaust gasrecirculation 
EPA - U.S. Environmental Protection Agency 
IGCe - integrated gasification cQmbined cycle 
KDAQ - Kentucky Division for Air Quality 
NIMBtu -million British thermal units 
PS D - prevention of significant deterioration 
SCR - selective catalytic reduction 
SNCR -selective non-catalytic reduction 
SSM - startup, shutdOWl1, and malfunctions 
tpy - tons per year 

In addition the following abbreviations are used for pollutants: 

CO ~carbon monoxide 
N()~ - nitrogen oxides 
PM - total particulatemattet 
_PMro - particulate matter with an aerodynamiC diameter of 10 pm or less 
PM25 - particulate matter with an aerodynamic diameter of2.5 ~m or less 
S02 - sulfur dioxide 

Cash Creek 
\'-07-017 
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ATTACHlVlENT A 

Re.~ponsct(} .. Conlments 

Cot;nments on the Draft Title V Air Quality Permit submitted bySl)'an Handy, Kentuckiana 
Engineering, on behalf of Cash Creek Generation LLC:. ' 

COLVIMENT1: 

Permit LocatiOlI: 
Emission Units 01 and 02, Synthesis/Natural Gas-Fired Combined Cycle Combustion. 
Turbines [Emissions Units: FfRSG-l & 1IRSG-2], Description 

CO/lcer.,l: 
CCG requests that the Constnlction Commenced estimate be modified to reflect the 
CUITcnt constl1Jctionschedule. CeG's suggested modification follows. 

Proposed Langltage: 
, Construction commenced: estimated- 2001i ' 

Division's response: 
, Comment ackrurlivlcdgetl; change made. 

COl\1lVtENT 2: 

Per,!1i r Location: 
, Emission Units 0 I aIld. 02, SynthesislNaturalGas,.F'ired Combi,nedCyc1e Combustion 

Turbines [Emissions Units:HRSG-I & HRSG-2J, Section (1)(e) Qperating Limitations 

Concern: 
(~CG requests that Section (1 )(e) be cIi;lrif'ied such that its application becomes effective at 
such time as the Cash Creek G(!ner~ttion gasifiers and combined cycle power block have both 
c0l11pletedoperational testing and entered conuncrcial'operation. this chimge is requ.ested 
because the combined cycle power block is-expected to commence:opcrational testing \vith 
natural gas fuel approximately six (6) to twelve (.12) months prior to the introduction of 
synthesis gas fr01I1 the gasifiers. Thistestingpcriod is required to fully demonstrate proper 
combined cyclefllllctionality with natural gas fuel prior to the introduction of synthesis gas 
filel: In addition, the gi:tsifier constnlction period is intentionally staged to lag the combined 
cycle construction period' to facilitate safety requirements pertaining to the overall 
construqtion process and to minimize air emissions during the start-up and testing process. 
CeG's sy.ggested language change follows. 

Proi'JO;~'ed Ltinguage: 
e) Pursuant to 40 CFR 60, Subpart Da, the pennittee must operate such that more than 75 
perccnt(by: heat input) of the fuel combusted is synthetic-coal gas on a ) 2-month foiling 
average~ Ihis onerating I,imitation shall conunence at the earlier of twelve months after 
thecori1binedcvcle gas turbincsconlmence operation or at such time as the gasifiers and 
as~ciated g~d.g~re~ovnL~~ln~onl~en~ope~tio~ovide syn~hesis gas to the 
combined cycle gas turbines .. 

Cash Creek 
V -07-() 17 
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Division's response: . 
The Division does not concur }vith Iheproposed changes 10 lhepermillanguage, Since the 
drc?fi permit was issued. the fInal revisions to 40 CFR 60 Subpart D£1 have been 
promulgated. The Division has revised the permit to include thefinalwording o/lhel\f.f)PS, 
40 CFR 60, Subpart Da. 

Comment 3: 

Permit Location: 
Emission Units Oland 02, Synthesis/Natural Gas-Fired Combined Cycle Combustion 
Turbines [Emissions Units: HRSG-l &HRSG-2], Section (2) Emissions Limitations 

Concern: 
CCG requests that the averaging periods associated with the emission limitations in this 
section be revised to be consistent with the averaging periods that were provided in the 
application and served as the basis for the air emission modeling. CCO's suggested 
language changes are set out below, 

Proposed Language: 
a) Pursuant to 40 CFR 60 Subpart Da, and 401 KAR 51:017. nitrogen oxides emission level 
in the exhaust gas shall not exceed 0.0331 Ib/IvlMBtu during any foiling 24-hour average 
period (approximately 5 ppmvd (if;, 15 '% oxygen (02)) when tiring symhesis gas. The 
nitrogen oxides emission level in the exhaust g~tsshall not exceed 0.0246 Ib/MIvlBtu during 
any rolling f.:4-11!XQI average perjod when firing natural gas. Additionally, the permittee shall 
keep records of the quantity of each fuel used and the actual NOx and CO emissions during 
such periods. The ppm level ofnitrogen oxides (at ISO standard conditions} and lbiMrY1Btu 
shall be demonstrated by stack test, and measured with use ofa continuous emission monitor 
(CEM). 

b) Pursuant to 401 KAR 51 :017, the carbon monoxide emission level in the exhaust gas shall 
not exceed 0.0485 Ib/l\ilMBtu during any rolling 24~hour average period when firing 
synthesis gas. The carbon monoxide emission level in the exhaust gas shall not exceed 
0'()449 Ib/MrvlBtu during any rolling 24-hour average period when firing natural gas. 
Additionally, the permittee shall keep records of the quantity of each fuel use{land the achlui 
NOx and CO emissions during such periods, The. ppm level qf carbon m.onoxide and 
Ib/MwlBtu shall be demonstrated by stack test, and measured with use of a continuous 
emission monitor (CEM). 

e) Pursuant to 40 CFR60 Subpart Oa, and 401 KAR 51:()17, filterable parti9ulate/PMIO 
emissions shall not exceed 0.0085 Ib!MMBtll during any rolling three-hour average period 
when firing synthesis gas. Total particu!atelPMIO emissions s~allnot exceed 0.0217 
IblMMBtu during any rolling three-hour average period when firing synthesis gas. The 
Ib/MMBtu level of particulate emissions shall be demonstrated by stack test, then calculated 
based on the emission factor derived during the test, ftlClconsumption data, fuel heat input, 
and fuel heat content [see specific monitoring requirements]. 

f) Pursuant to 40 I KAR 51 :017, sulfuric acid mist (H2S04) emissions shall not exceed 
0.0035 Ib/MrvlBtu during any rolling three-hour average period when firing synthesis gas. 
The Ib!~IIvlBtulevel of sulfuric acid mist emjssions shallhe demonstrated by stack test, then 
calculated based on the emission nlctor derived during the test, fuel consumption data, fuel 
heat input, Hnd fuel heat content. 

Cash Creek 
V<07-017 



Dh~ision's response: 
Comment acknowle((f;(::t/; changes made, 

I 

I 
Comment 4: 

Perrnit Loc:ation~' 
Emission Units 01 and 02, Syntllcsis/Natural Gas-Fired Combined Cycle Combustion 
Turbin~s [Emissions Units: HRSG-l & HRSG .. 2], Section (4)(a) Specificivfonitoring 
Requirements . 

Coricern: 
CCOreq~le~ts that the Contiriuous Emissions MonitQrC'"CEivl") provisions be expanded to 
aHQw;tCElYlfor either oxygen or carbon di()xide '15 is provided in the cited regulation. 
CeG's suggested langlluge change is set out below. . ' 

Pro~osed Language: 
! a) Pursilant to 401 KAR 60.:005, Section 3( 1 )(c ) incorporating by reference 40 CFR 60 Da; 

401 KAR 52:020, Section 26; and 401 KAR 59:005, Section 4, the permittee shall install, 
calibrate, maintain~ and operatecolltinuous emission monitoring systems for measuring the 
sulfur dioxide etnissions, nitrogen oxides emisslons,mercury, and 'either oxygcnor carboll 
dioxide emissions. AdditiolHlH:y, a CEryl system shallbe ii1stalled, calibrated, maintained, 
and operated formeasuring oxygen or carbon dioxide levels of the flue gases at each location 
where sulflIr dioxide or nitrogen emissions are monitored. The permittee shaH ensure the 
continuous emission monitoring systel11s are in compliance \vith the requirements of 401 
KAR 59:005, Section 4. 

Division's respOJlse; 
~Con1fnetzl acknowle((fted,change made. 

Coniment 5: 

Permil Location: 
Emission Units 01 and 02, SynthesislNatural Gas-Fired Combined Cycle Combustion 
Tilrbines [Emissions Units:HRSG-l &HRSG-2], Section (6) Specific Reporting 
Requirernents ' 

Cont~ern: , 
CCG requests that the averaging periods associated with the excess emissions reporting in 
this sectionb~ revised to be consistent with the averagillg periods that were provided in the 
application and served as the basis for the air emission modeling. ceo's suggested 
language changes are set out below. 

Pn)jJosed Language: 
m) .Pursuant to 401 KAR 52:020, Section 26, for nitrogen oxides, excess emissions are 
defined as any 2..4 hour period during which the average emissions (arithmeticaver~lge) 
exceed the applicable nitrogen oxides emission 1itandard. These periods of excess emissions 
shall be reported quatteHy. 

n) Pursuant to 401 KAR 52:020, Section 26, excess emissions of sulfur dioxide are defined 
as any 3-hour period during which the-average sulfur dioxide emissions as indicated by 

Cash ~;reek 
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continuous eluission monitoring, or the sulfur content (or as otherwise required i.ri an 
approved custom tilel sulfur monitoring plan) of the fuel being fired in the gas turbine(s) 
exceeds the limitations set forth in Subsection 2, Emission Limitations. These periods of 
excess emissions shall be reported quarterly. 

0) Pursuant to 401 KAR 52 :020) Section 26, f()r carbon monoxide, excess emissions are 
defined as any 24 hour period during which the average emissions (arithmetic average of 
three contiguous one hour periods) exceed the applicable carbon monoxide emission 
standard. These periods of excess emissions shall be reported quarterly. 

q) Pursuant to 401 KAR 52:020, Section 26, for sulfuric acid mist (H2S04) excess emissions 
are defined as any 3 hour period during which the average emissioilS exceed the applicable 
emission standard. These periods of excess emissions shall he reported quarterly. 

Division's response: 
Comment acknowledged, change made. 

Comment 6: 

Permit Localion: 
Emission Unit 03, Indirect Heat Exchanger (AUXB), Description 

Concern: 
CCG requests that the Constmction Commenced estimate be modified to reflect the current 
construction schedule. CCG's suggested modification follows. 

Proposed Language: 
Constmction commenced: estimated - 2002. 

Diyision·s response: 
COJ1unent acknowledged, change made. 

Comment 7: 

Permit Location: 
Emission Unit 04, Flare, Description 

Concern: 
CCG requests that the Construction Commenced estimate be modi fled to reflect the current 
constiuction schedu Ie. CCG' s suggested modification follows. 

Proposed Language: 
Construction commenced: estimated - 2002 

Division's response: 
Comment ackno\'1l1edged, change made. 

Cash CfI,:ck 
V-07-0 17 

page 6 of 179 



Comment 8: 

Per'mit Location: 

EmissionUnitQ5, Acid Gas Removal and Thermal Oxidizer, Description 

Concern:' , ' 
I 

: GCGrequeststhatthe Constru<;:tionCommenced estimate be modified to teflectthe current 
construction schedule. CCG's suggested modification follows. 

i 

Proposed Langucig~: 
Constf:llctio~l commenced: estimated - 2002 

I 

I>ivision's respOIlse: 
Comment acgnowletl.geci! change made~ 

Colllltlent·9: 
i 

Perini/Location: 
Emission Unit 05, Acid 
Monitoring Requirements 

i 
Gas Removal and Thernial Oxidizer, Section (4) Specific 

Con~:ern: 
i CeG requests that the referenccst() flare in Sec;tion (4)(1) be replaced with the. words 

"thermal oxidizer" and that reference tosyngas flaring be deleted since the thermal oxidizer 
operates on a contimlO11S basis when a gasifier is operating. CCG's suggested modifications 
follow. 

I 

Proposed Language: 

1) The permittee shall perfonn a qualitative visual observation of the oJiacity of emissions 
from the Jhermal: oxidizer on a weekly basis and maint~ina log 9f the observations. If 
visibleClllissiQrts from thethennaloxidizer are seen. the permittee shall determine the 
opacity of emissions by Reference rv1ethod 9 and initiate an inspection of the thermal 
oxidizer and the entire process making any necessary repairs. 

I 

Divi~ion 'sr~sponse: 
. Comment acknowledgect change made, 

Comment 10: 

Pen~iI Location: 
Emission Unit 11, Sulfur material handling, Description 

COf1(~ern: 

CCGrequests that the Construction COll1Jnenced estilllate be modified to reflect the current 
: con~tnIction schedule, CCU's suggested mociiflcation follows. 

ProposedLangti(lge.~ . 
: Construction commenced: estimated -2002 

Cash Creek 
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Division's response: 
Comment acknolvi:C((ged, change made. 

Comment 11: 

Permit Location: 
Emission Unit 06, Coal Handling Operations (Coal crushing and processing operations), 
Description 

Concern: 
ceo requests that the barge unloading rate be reduced to be consistent with the application 
and that the Construction Commenced estimate be modified to reflect the current 
constnlction schedule. CCG' s suggested modifications follow. 

Proposed Language: 
Equipment includes: Conveyor transfer-800tph (37), barge unloading-lOOtph (38), 
conveyor transfer-800tph (K3), transfer house # 1-80Otph (TlIDC33), transfer house #2-
800tph crHDC34), coal reclaim-l05tph (CRD35) 

Constructibn conl1nenced: estimated .. ~ 2002. 

Division's response: 
ConlYnent acknowleclged, chang(;~ made. 

COIl)ment···12: 

Permit Location: 
Emission Unit 07, CoalH.andling Operations, Description 

Concern: 
CCG requests that the long-term storage pile acreage be changed to be consistent with the 
application and that the Construction Commenced estimate be modified to renect the current 
constnlction schedule. ceo's suggested modifications follow. 

Proposed Language: 
Dead coal storage pile-90,OOO tons (20a), coal stacker to long term storage pile-2.5acres 
(20b) 

Construction cOInmenced: estimated 200.2 

Division's response: 
Comment acknmvledged. change made. 

Comment 13: 

Permit Location: 

Emission Unit 07, Coal .Handling Operations, Section (1) Operating Limitations' 

Cash Creek 
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................... - ........ ----~----......... --------

Concern: 
CCG requests that Section (l)( c) be revised to limit its applicability to public roads 
consistent with the applicati()n air modeling and the intent of the cited regulation, CCG's 
suggested modification follows. 

Prol/osed Language: 

, c} No Qne shall allow earth or other InateriaJ being transported by tnlck or earth moving 
equipment to be deposited onto a IDll;>lic paved street or roadway, pursuant to 401 KAR 
63:010, Section (4), 

Division's response: 
The Division does not concur. The H'ordpublic is not included ill the regulation; hence 
the permillanguage will not change. 

Comment 14: 

Penni! Location: 
Emission Unit 08, Cooling Tower, Description 

C()ll~erl1: 
CCG·r~quests that the number Dfcooting to\ver cells be decreased to be consistent ·with the 
application and that the Construction COinmencedestimate be modit1ed to reflect the Cl.1rrent 
construction schedule. 

Proposed Language: 
Ten cell cooling tower 
Constnlcti<m commenced: estimated 2()02 

Divi~jon's response: 
Comfnenl l1ckn01v/eei.qed, change made. 

Comment 15: 

Pern}i! Lo'cation: 

Ernission Unit 08,. Cooling Tower, Section (l), Operating Limitations 

C()n('ern.~ 
I 

As engineering design has progressed respecting the Cash Creek Generating Station C"CC"), 
CeG has refined the proposed Cooling Tower C'CT") design and associated Particulate 
Matter f'PM") emissions. This comment provides details of the refined CT design and how 

i the predicted particulate matter emissions compare to those previously proposed in the 
application. As detailed in Section 4.6;4 Qf the application, particulate matter (PM 10) 
emissions from aCT result from water and small particles entrained in the exiting air stream. 
'These droplets of water and particulate are known as drift. The bestmeans ofredllcing the 

, level of drift emitted is to install drift eliminators. Using available waler quality data, plant 
I cooHng reqllirerl'1ents, and 0.00050/0 drift eliminators, CCG's design firm has prepared a 
! refined water balance respecting CC. This water balance provides refined CT perfonnance 
, data and associated water quality pan~l11eters; including the Total Dissolved Solids C"TDS"), 

in the CT circulating water, 

Cash (~reek 
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The current CT design includes a circulating water flow of375,000 gallons per minute with 
maximum TDSequal to 2,300 ppm.' These performance parameters result in CT Pl\tllO 
emissions of 0.675 pounds per hour, with the 0.0005% drift eliminators detemlined to be 
BACT. The revised CT design parameters and resulting PMlo emissions arc set out in 'rable 
1, below and Attachment 1 to these COlmnents which replaces Section 5.3 of the application. 

Table 1: Revise~2,Q!ing 'ro\ver Parameters 
Cooling Water Flow: 75,000 gpm, total 

Liquid Drift Loss: (~i~l of cooling wuter circulation rate 

TDS of Liquid Drift: ,300 Ppm 

PM 10 Fraction:(\ 

Operation Hours: 

1.3 

8,760 

Potential Cooling Tower Emissions 

I~'O of PM :S 1 0 ~lIn 

hrs!yr 

PM Emissions PlVl to Emissions 

(lb/hr) (tpy) (lb/hr) (tpy) 

2.J6 9.45 0.675 2.96 

'I PMfPtvt l1l fraction calculated based on {jg.7%J of the of the drift being deposited in or near the 
tower and results in 31.3%. of the drift being emitted as PM HJ emissions. As described in r::oQ.ling 
To\v~r DriftJlstyl~.¢.t\Jr~111£.n!, (\?DtL9.Ul.mL£llyjJJ1!lll1£!1tn1.Elfect, Coo!ingTO\ver Institute Paper 
No: TP73~OI 

As a result of the refined CTdesign PlvllO emissions are predicted to increase by 0.625 
pounds per hour as cornpared to the emissions specIfied in the application. Since there isa 
predicted increase in PM,o emissions, CCG performed revised ambient air quality modeling 
to demonstrate compliance with all PSD and NAAQS requirements. Table 2, below, 
contains the results of the original Pl\t1!O modeling and Table 3, below. contains the results of 
the revised modeling with the increase in CT PM 10 emissions, By comparing Tables 2 and 3, 
it is apparent that there is no change in the High-First-High C'tIFH") ambient impactli 
associated with the refined CT PM 10 emissions. Attachment 2 to these comments contains a 
complete revised modeling addendum including electronic copies of the input and output 
files. Additionally Attachment 3 to these comments contains revised Tables 3-2,4-1 and4-
24 respecting the application. 

Cash Creek 
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Table 2: Original PiVtlO PIA Modeling Results 

~LL 
,1--__ --Ir ___ ~r_l.;...,cOO,% LOAD 

24-HOUR ANN(1Al~ 
!r---~~r-----1r--

SIL 5 1 
-"'--, ,-,-.'""II-----'----li'----,---

SlVlC to NA 
24 HR ANNUAL 

--~ __ I~------41 

YEAR ug/mJ ug/mJ 

1990 HFH 2.52 0.41 
X 464,387,91 463,611.00 _.- : 

II--__ .~_._ rX-.- 4,175,620.75 4,173,769;00 
~ ..... _ ~~:H 2,82 0,37 
~._ .... _+-X.~' _~-!1-4....;.6.::...2.:..-2...:...88;";"'(;..,..94_--u.--.:4....:..6~3,....:..6~11....:...0:;.;:O_....j1 
1---"--lf-..',.;;...'---11-4-,-, J...:..., 7-"3,.....;31.....;2...:....0...:...0---l1 ........ 4-'-,1...:...7;;...t.3,_76~~9.....;. O ..... 0-ll 

1992 HFH 3.17 038 
~.-..-~" .. --. 

X 463,37~_~ . ~'..IJJ~ , 
Y 4,J72~182.25 4,173,769.00 

lr-l(_~9 ....... 3_-1 .. .....:-f!.~ .. r:L44 .:_ OJ7 
I~---'il-~"-" ____ • .:." .... r:~622883. 94 463.611 ,00 
If-..---., .. u-\'.;,;..'...........;.., ...... -- ~1}2.479,()0 4.173,769.00 

1994 HFH. ~.~997 ....... __ .. 036 -----II 

If-..-__ '-!!-'-X;';;;'" __ ~62.344:~_. 463,611.00 
y 4; 173,037.50 4,173.769,00 

Table 3: Revised Ptvl Results 
Site LULC 
100°;;, D 

24-110UR ANNUAL 
SIL 5 .1 

SlVlC 10 NA 
24 HR ANNUAL 

Prop()sed L angf-I age : 
CC'O requests that the' following modifications be made in the draft p'ennit to rel1ect the 

I refined cooling tower design and resultant modeling. 

I c) Pursuant to 401 KAR 51 :017, the cooling towcfcircultlting water rate shall not exceed 
375,000 gals/minute on a daily average. 
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d) Pursuant to 401 KAR 51:017 the total dissolved solids (TOS) concentration in the 
circulated cooling water sha11,11ot exceed a TDS concentration of 2,300 parts per million. 

Hivision '8 response: 
Comment acknmvle(1..ge(J, change [nade. 

Comment 16: 

Permit Location: 
Emission Unit 09, Enlcrgency Fire Pump, Description 

COnC(;'l71: 

CCG requests thatthe Construction C0111mencedestimate be modified to reflect the current 
constl1lction schedule. CeG's suggested modification, f()llows. 

Proposed Language: 
Constl1lction commenced: estimated - 20lQ 

Division's response: 
Comment acknmvledged change made. 

Comment 17: 

Permit Location: 
Emission Unit 09, Emergency Fire Pump, Section (3) Testing Requirements 

Concern: 
CCG requests that a typographical error in Section (3)(b) be corrected. 

Proposed Language: 
b) Pursuant to 40 CFR 60.4244, (per proposed revisions to NSPS Subpart JJJJ published in 
the Federal Register on June 12, 2006.1 Owners and operators of stationary SI ICE who 
conduct performance tests must follow the procedures in paragraphs (t) through (Q)of this 
section. 

Division's response: 
Comment acknowledged,·change made. 

Comment 18: 

Permit Location: 
Emission Unit 10, Plant Roadways [Emissions Units: HRP], Description 

Concern: 
CCG requests that the Constl1lction COlnmenced estimate be modified to reHect the CUlTent 

construction schedule. CCO's suggested modification follows, 

Proposed Language: 
CCG proposes the following "language to address the 
Construction commenced: estimated - 2008.. . 

Cash (~reek 
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niv~~ion 's ."esponse: 
Comment acknowledged, change made. 

COIllmcnt 19: 
I 

i 

Permit LOC{ilion: 

Emission Unit 10, Plant Rouchvuys [Emissions Units:HRP], Section (1) Operating 
Limitations 

Concern' 

I eCG requests that Section (1 )(c) be revised to limit its applicability to public roads 
consistent with the application air nlodeling and the intent of the cited regulation. CCG>s 
suggested 111odificatiOll follows. 

Proposed Language,' 
c) Noone shall allow earth brother material being transported by truck or~al1h moving 
equipll1cnttobe deposited onto apubIic paved street or roadway, pursuant to 40lKAR 
63:010, Section (4), 

Division's response: 
. See Division response to Comment #1 3 above~ 

Conimcnt 20: 

I 

Pern!it Localion: , 
Section (D){2), Source Emission Limitations and Testing Rec}uirelllcnts 

Concern.: 
! eCG requests th,it references to VOCs in this Section be deleted as there is no VOC PSD 

BACTlil11it specified for Emission Units Oland 02. In addition, CeG requests that Sections 
(D)(2)(3) and (0)(2)(4) be· modified by replacing the word "condensable" with "total" to 
provide consistency with the applicable emission limitation. eCG's ~uggested modifications 
are shown belo\.v. 

Prop~)sed Language: 
i 2. Particulate maUer(prvl/PM IO/PM2.5), sulfur dioxide (S02), nitrogen oxides (NOx) catbon 

monoxide (CO)' mercury (IJg) and sulfuric acid mist (H.2S04) emissions, measured by 
applicable refercnce methods, or an equivalent'or aiten13tivemethoq specif1ed in40 C.FR, 

I Chapter I, or by a test method specitied in the state implementation plan shall not exqecd the 
! respective limitations specitlcd herein. 

3. Emission Units 01 and 02 shall be perfonnance tested initi~llly for compliance with the 
emission standards f<)f PfVl/Pivl lO Oilterable and total); sulfur dioxide (SCh); nitrogen oxides 
(NOx); carbon monoxide (Cal- mercury; and LhS04 by applicable reference mcthods,or.by 
equivalent or alternative test methocisspecified in this permit or approved by the cabinet 
(and U.S.EPA, if required). . 

4. Emission Units 01 and 02 shall be perf:onnance tested biannually {once evelY 24 months) 
for compliance with theernissioll standards for PlV1/PM10 (filterable and total); mercury and· 
H2S04 by applicable reference Ine~hods, O[ by equivalent or alternative test methods 
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specified in this pennit or approved by the cabinet (and U.S.EPA, ifrequired) . 

.Division's response: 
Comment acknmvlcdged, change made. 

Comment 21: 

Permit Location: 
Section (G)(d), General Provisions, Construction, Start-Up, and Initial Compliance 
Demonstration Requirements 

Concern: 
ceo requests that the number of emission units be revised from ten (l0) to eleven (11). 

Proposed Language: 
Pursuant to a duly submitted application the Kentucky Division of Air Quality hereby 
authorizes the construction oft11e equipment described herein, Emissions Units OJ through 
11 in accordance with the terms and conditions of this permit. 

()ivision '8 response: 
Comment acknow'ledgecl, change Inade. 
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ATTAC:HMENT B 

Rcsponsct() COIDlnents 

C01j~ments on the Draft Title V Air Quality Permit submitted by Greg~1. \Vorley of U.S. EPA 
Region 4. 

1. Sulfur Dioxide BACT Assessment - KDAQ's BACT assessment for S02 appears to fqcus 
solely on emissions £[0111 the combustion turbines andon the acid gas removal technologies 
that d~tertnine combustion turbine SOzemissions. Another source 01'502 emissions is the 
suJhrtrec9verysystem. Estimated S02 emissions frOtH thethermal;oxidizerused to control 
sulfur-containing gases from the tail gas treatment unit are 91 J tpy. The final statement of 
basis should explain the f~lctors thatatlect S02 emissions from the· sulfur recbvery system, 
what considerations were given to minimizing these emissions" and why an S02 emissions 
rate prQdllcing emissions of91.3 tpy represents BACT. In this explanation, we recommend 
including a brief discussion of how the selection ofSelexofrrvt rather than Rectisol™ affects 
S02 emissions fro111 the tail gas treatl11ent unit thermal oxidizer. ·\Ve also note that the 
emissions liluitations for the tail gas treatment unit thetmaloxidizer in draftpcrmit 
Condition B.2, Etnissions Unit 05, do not include a specitlchollrly SOi emissions liJuit 
equivalent to 91.3tpy, but rather specify emissions restrictiotiS in other {mils. \Ve 
recommend thatthc final statelncntof basis contain an explanation of how thecfilisskms 
restrictions in the permit assure an SOzemissionsrate ot' no l110re than 91.3 tpY. 

Division's Resp()nse: 
In this/GCe design, the ach:/gasremoval unit extracts FI2S ancl COSfrom the .\}'nthesis gas. 
Either Selexol or Rectisol can be used in the acid gas removailfni!. Based hn economic 

considerations and the insign{ticance of the removal efficiency d!fference bellveen Selexol 
and RectL')'o/, the Division concurs l'vithCCG that Selexol is the correct choicefor BACT in 
the acidgas removalunit.fbr the .s:vnthesis gas going to the combustion turbine . ..,', 

Use of Se lex 0 I {Ie/ermines the amount ofs;utfilr contained in the gases thaI proceed/rom the 
acid gas removal unit to the sutfilr recovery system. The sulFur recovelysyslem consistsqj' 
Ihe two C!crus stages, the thermal oxidiz?r and thejlare. The amount o/su(fur in the gases 
that go to the sHlfurrecovelY $}~fJlenl is minimally impacted by the99,8%l"emovedbySelexol 
or the 99.9% th{lt might be removed by Rectisol (a dltfert?flce qlon(v Iwopoilndr; per ton of 
SU{jllr removed); it is nol a significant fi:lctor in emissions from the 5,'uljiu: ,:ecovefJI unit. The 
emission limit on the Claus stages is the only signijicant factor determining emissions of 
su(fitrfrom the ~~'ullur recovery unit. 

The Division did an extensive review ofpermittedsuljitr recovety unitsjiJr rejineries, natural 
gas treatment processes, andcoalgas{jication systems, Based on the Division ',\' research, 
an exhauststreamjiY)m the sul/vr recovery system containing 100ppm sullur is the best 
permitted emissitJfl rate and the best emi:ssion rate demonstr£:Jled in:practice by any f;vpe of 
sultilr recoveJ'}' unit. ]'lw Divisionsel theBACT limilforsuljitrjhmilhesuljilrrecov(!.ry unit 
at f OOppm. This is lo);ver than any other permitted fGCCunit and is significantly I(nver 
than the prqposed standard (~lpefjormance for petroleum rejineries which allmvs an 
emb;sion limit (~l250 ppm (72 Federal Register 27178. i\4onday, A4ay 14, 2(07). 
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The applicant did not propose an emission limit/rom the suljilr recovery unit but instead 
proposed anhour(}' emission rate of20.82 /bs/hr, 'which equates to an annual emiS5l'10n rate 
0/91.2 tpy ofsu(fur dioxide. The Divisiofl calculated the annual emission rate (~fsu?fur 
dioxide based on the 100 ppm emission limit. and determined/hat it ""vould be less than the 
proposedemission rate of 91.2 tpy aIsul/itr .dioxide. The Division did not accept the 91.2 
tpy suljiJr dioxide elnission estimate included in the Statement ofEasis in Table 2-1 a,~ a 
BACT/imit. nor is it included in the permit as such. Instead. the Division imposcdthe 100 
ppm limit contained in the permit as BACT The Division has included/his eJ.planation in 
the revised Statement of Basis. 

2, Startup, Shutdown, Malfunction Ptovisions for Combustion Turbines - Condition B.2.i), 
Emissions Units 01 and 02, in the draft permit contaillS provisions for startup, shutdown, 
and malfunctions (SSrvl) of the combustion turbines. The condition reads inp::ut as 
fbllo\vs: "Pursuant to 401 KAR 51:017, duration of startup, shutdown and malfunction 
periods are limited to 48 hours per occurrence with 3 annual occurrences for 2 gasifiers 
and with 29 anrmal occurrences for 1 gasifier. However, this requirement is waived 
during the first year after the initial demonstration of compliance." We have the 
following comments about this permit condition: 

a, The meaning ofthctenns"startup" and "shutdown" in this condition is unclear. The 
condition itself applies specifically to combustion turbines. Typictll combined cycle 
combustion turbines can be started up and shut down inamattcr of a few hours, not 
48 hours. If the terms startup and shutdown refer to starting ltP and shutting do\vn 
the entire gasifier system that generates synthetic gas for the combustion turbines, 
this should be made clear. For additional clarification,. KDAQ may wish to add a 
separate SSM provision applicable to extended periods when the combustion 
turbines are fired on natural gas. Any SSM exception for natural gas combustion 
should be restricted to a period no longer than a few hours per occurrence. 

Division's response: 
The Division concurs }vith the comment lind has modified the permit language /.() clarif~Y 
which startup and shutdown is addressed in permit condition B. 2. (/) (fbrmer~y B. 2, (i) in 
the drajtpermit)' U.S. EPA is correct in that language "vas rt;/erring to the Slart-up and 
shutdown (S&8) <?/,the gasijler, 'and the coordinated S&S o.fthe turbines. 7'l,ere are three 
distinct phases ofstort-up/hr the operation. Fil:,'!, there is the start-up of the lurbil1es while 
firing natural gas. Second(v there is startupqfthe ga:.:ijier 10 produce synthesis gas) this ,:<; 
the step that is being referred to in the permit condition B .. 2, (l). The permit has been 
changed to reflect this~ Third~y. there is Cl period that can occur when the turbine is being 
switchedfrom Natural Gas to ,~vnthesis gas. Since construction and shakedovVI1 of/he 
turbines are expected to occur prior to the gaslfiers, there is a pOlenticll/br the unit to be 
used to supply peak power while combu.s'ting nOlliral gas prior to the gas{fier becorning 
operational. Due to the rapid abili(v to peljiJrm S&Sfbr the turbines 'l-vhilejiring natural 
gas, no source .specific requitemenl.\' 'are included in this permit. Period5 q/ start-up, 
shutdo'wn and malfunctions are covered under the gen(!ral requirements (r/401 KAR 50:055 
and 40 CF'R 60 Subpart Da~ 

b. Does the phrase "this requirernent" refer to the 48-hour duration per OCClllTenCe, 
the number of occurrences, or both? 

Division '8 response: 
Cash C:rcek 
V-07-017 

page 16 of l79 



This requirementrejers<both to the duration andthe number OliJcclirrences. Changes 
have been made to thepern;iI. . v 

C. The statement of has is should include a justification for granting a waiver during 
the first yeatof operation. . 

Division's respOnse: 

,TheDivision has corre(?tedthe regulatory citation to read "401 KAR 52;-020" insteadof 
I "401 KAR:51:0I7". Due to the limited amounll?j'operational experiencewithlGCC units 
: of this size and complexity, the Division Has concluded thclt it is no/unreasonable /() include 
i tlH)Qiverofthe startc.up andshUldOlW1 quantities and dUration for thefbwt year afoperation 
: (~lthefacili~}';. This explanation has been included in Ihe Statement o/Basis, 

3. : Fine Particles-\Ve have the following .comments related to ptvhs: 

'tk Onpnge 140f the statement of basis, KDAQ lists PlVh,s as a pollutant subject to 
BACT .. However, the draft pcnllit docs not contain a BACT emissions limit for 
PM2.5. IfKDAQ is using PlV110 in the BACT evaluation [lSa surrogate for [>M25 in 

41ccordance with current EPA guidance, this should be explained; 

DiyisiQn 's r.espons(~: 
: Comment acknowledged Changes made to the Statement qfBasis. 

h. In the air quality impact analysis sectionofthestatcl11cnt of basis no mention is made 
ofPM2.5. If KDAQ is using PM w in the impact ::lllulysis as a slllTogate fbr Pyh;5 in 
accordance with current EPA guidtlnCe, this should be explained. 

Division's response! 
,Comment acknmvledged Changes made to the Statement (~I'BasL';. 

4. !Cbmpliance Assurance Monitoring- KDAQ acknowledges the applicability of CAyt 
:requirements to NOx. emissions from the proposed combustion turbines. KDAQ might also 
;wish'to explain in the final detennination why it decided that CAtvt requirernentsare JlOt 

'applicable to the control of regulated sulfur compOll11dsby thermal oxidation in the tail gas 
:treatll1ent section of the sulfur recovery system, 

Division's response: 
:Fot CA.M toapp(y to a ul1it, three conditions must be mel. The./irst is thatprecontrolled 
efnissiofls eire greater than a hundred tOllS peryear; second is that there is an emLf),':;'ion 

~'lalldard; alid third that there is a control device used for compliance. For enlissions l?l 
;~ll{fitr compoumb;, the secondtwo L'()nditiollsarecenqinly met. Thefirst is not. During the 
'review process; a "scratch pad" c(llculatianwas pel.tbrmed that took the post thermal 
oxidizer emission rate (~t9J.2 tons per year, assumi/1g Ihm all TRS was in the jiJrm of 
Carbonyl sulfide (CO,-'9 "*fvith a molecular lve(ght (~l60.l? g/i1101. DUl"ing combustion, one 
'rno/ecltle <?lsu/filr diaride is' /orm(;?d per molecule (?l CO.s: Alaleelilar 'rveight (~l su(/ill' 
dioxide is 64.L Therefore, uncontrolled emissions qf TRSfrom the SRO are 91.2 X 
(60.8164»)= 86.5 tons peryeqr. The assumption that all TRS is COS i.\· an extreme case, as 
frlost of it lvouldbe in the fbrm of H2S', which has a moleCUlar vi/eight of 34. Since 
ItnccJntrolled emi,~'sidns are less than 100 tons per.vear, CAAI is not applicable. 
I , 

5. Number of Gasifiers- On page .1 of the statement of basis, KDAQ st[~tes that the pennit 
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authorizes up to three gasifiers, We can tind no reference anywhere in the draft permit to 
a three-gasifier 'configuration. One of the pennit conditions for the combustion turbines 
provides for up to two gasifiers. 

Division's response: 
The editorial error has been corrected 10 re/leet the permitting of two gasf/iers, 

6. Comparison wjth Christian County Generation Pennit - A final PSI) permit was recently 
issued for the Christian County (Jeneration IGCe project in Christian Countyt;HlinoJs. This 
final permit was not available at the timeKDAQ issued the draft pennit for the Cash Creek 
project Our understanding is that the Cash Creek and Christian County Generationprojects 
have the same developer and essentially the same design. Therefore, we recommend that 
KDAQreview the final permit for Christian County Generation to see ifany portions of the 
permit might be helpful in developing a final permit felr Cash Creek. In ()uro\vn review of 
the Christian County Generation final permit we have noted that the S02 and PM/PMIO 
emissions limits for the combustion turbines \vhen firing natural gas are slightly lower than 
the litnitsin the draft pemlit foreash Creek. 

Division response: 
The Division acknowledges the comment and has reviewed the Chn:\'lian County permit 
Changes have been made to the Cash Creek permit and the limits are nOH! c011si.<.'teni 'with 
the Christian County permit. 

7. Miscellaneous - We have the following miscellaneous cotnments: 

n. In the assessment of BACT for the 278.8 I'vlMBtu/hr auxiliary boiler, KDAQ states that 
BACT is based on llse of low NOx burners, good combustion practices, and clean fuel 
(natural gas), and on restricting hours of operation to 500 hours per year, For 
con1pletenesssake, KDAQ might consider stating that othercontrols sometimes used on 
large natural gas-fired boilers - such as FGR, SCR, and SNCR - would be eith'er 
techrtically or economically infeasible when considered in addition to the control 
methods that wi 11 be required. 

Division's response: 
Comment ackno'rvledged and the suggestion has been include in the revised statement (~f 
basis. 

b. Table 4-13 on page 26 of the statement of basis is a summary of the combustion turbines 
BACT determination. This table is missing values fprnatural gas combustion in the 
columnheaded "Emission Limit Based on CT lleat Input." Also~ the aventgingtime tor 
NOx and CO emissions linlits is listed as 24 hours in this table, whereas the averaging 
time for both pollutants in the draft permit is 3holifS. 

Division's response: 
The natural gas v(dues were incorrect~}' entered if1fo the gastfier heat input column and have 
been corrected in Table 4-13; and that table has been moddied to remove the g(lstjier heat 
input (xdumn, since thaI i,s not relevant to the permil. The NOr: and CO averaging times have 
been changed to lwenly-fbur hOUf:" in the proposed permit. 

c. 'The draft permit, the word "are~' in the second line of Condition B.2. i), Emissions Units 01 
and 02 (combustion turbines), should be ~'is," and the word "waved" in this condition should 
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be ~'waived." 

I>ivisioll's response: 
, Commen/acknowledge,/' change made. 

(:Llntheddlftpennit; the description section for each emissions unit contains an estimate of the 
cot1$truction COl11mencenlcnt date. For some units this date is 2007 and for tlther units it is 
2010. AlthQugh the description sections are not enforceable, we recommend corrcctingthis 
apparent inconsistency . . 

Division's response: 
Corrections made. See comments in Attachment A .. 

I 

:e. II! ciral1.pe1111itCondition B.I .c), Emissions Units 0 I and 02 (~ombustion turbines), KDAQ 
, is allQ"Xi1}~there~p'ictiQn on the quantity of natural gas usageciuringany 12-month period to 

be' waived durin~ th~ ,fi.rst 36 mont~s of operation. A justi fication for this wai vel' should be 
pr()yicl~d in the statement of basis; . 

Division's response: 
. Commente,lcknoyvled,ged. This requiremerilhas been deleted.fi'om. the permit as a result 

qj'the .final promulgotion of40 C'FR. 60 Subpart Dq; 

t. Draft permit Condition B.I, Emissions Unit 03 (auxiliary boiler), contains this statement: 
'"The auxiliary. boiler shaH oJ1Iy()perateduring startup periods}' KDAQ should specify the 
eqnipmcl1tto which the term "startup" refers. 

Division's response: 
C()f}unenlacknowledged, a da r(Jical ion has been made to the pet'mit. 

g. In draft permit Condition B.I, Emissions Unit OJ (auxiliary boiler), KDAQ is, allowing the 
restriction of no more than 500 hours of operation during any consecutive 12-month period 
to be\.vaiyedduring the first 12 months of operation. Ajustificatiori for this waiver should 
be proviqt!d in the statement of basis. In addition, unless KDAQ intends to allow continu(,1us 
operation of the auxiliary boiler during the first 12 ltionths of operation,KDAQ should 
consider restricting use of the auxiliary boiler during the first 12 nionths to some duration 
that is greater than 500 hours but less than 8,760 hours. 

Dil'i~i()n'sre.~pO!lse: 

: Comment ackl]~)1rVledged,and the~vaiver in the permit has. been deleted.' The regulatory 
, citation has also been corrected. 

I 

h.: In Condition D.7 of the draft permit, KDAQ repeats the 500-hour-per-12-month operating 
I restrictionfof the auxilhlry boiler but does not repeat the waiver for the first 12 months of 

operation.\Ve recommend repeating the waiver to avoid con fhsion; 

I>j'vision's response: 
: Cornmenl ackmHvledged. The 1Naiver in the permit has been deletc,'/; 
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ATTAC·HMENT C 

Response to Comnlcnts 
COfIunentson the Draft Title V Air Quality Permit submitted by Wallace McMullen, Energy Chair 
of Cumberland Chapter of the Siena Club. 

1. This Plant 'ViII Aggravate Air QuaHtyProblcms 
Although the Cash Creek permit is titled a Prevention of Significant Deterioration permit, it will 
in fact exacerbate air quality problems in the surrounding area. 

The Indiana counties directly north of the proposed plant location, \Vanick and Vunderburgh, are 
already innon-:attaimnent for fine particles. This plant will aggravate the alteady existing air quality 
problems there. Please rioteth~lt both the Wunick County Commissioners and the Newburgh Town 
Board have passed resolutions opposing Cash Creek due to its impact on the \Varrick County non
attainment area. Nearby Evansville, Indiana, a metropolitan area with well over 100,000 residents 
\-vill also be seriously impacted by proposed facility. ltalready is stnlggling with dirty air problems, 
which the Cash Creek plant will only aggravate. 

Further,the EPA is the process of tightening the ozone standard. When the standard is tightened to 
700r 75pprn from 84 ppm, Warrick anci Vanderburgh counties will be furthertl'om meeting clean 
air stal)dards, and Daviess County in Kentucky wi 11 be in non-attainment. (at 70 ppm) Pennitting this 
planttqplunp 9~5tt)nsperyear o[CO, 700 tons per year of NO x, plus volatile organic compounds, 
plushazardousairpoI1utants, plus sulfuric acid rnist into the air in this region isjust digging deeper 
into the hole that these counties and their residents are already stuck down in. 

Division's Response: 
The Division acknm,v/eci..f!;es the comment. The air qualif;v modeling has 8l1m,vn that there \'vil! 
not be any exceedances ql any air quality stalld{1rds as a result of this netV construction. 
f(entlU::ky regulations de/ine when a source outside (?l a non-attainment {kea has a 
significant impact upon a nOl1allainmenfarea.For PlvllO. this level h·; set at i.Oug Im<lhr an 
arll1ua! average {md 5 ug 1m3 for a fwenty-jiJur hour average. A1oclelingfor thisfeJ(.dlity 
predicts a maximum impact. at any location; ofPN/lf)onanannual average basis 010.31 ug 

. 1m3 and a 24-hour average qj'4.0 ug Inl . Since the ma:rin1um impact is les.'i than the 
significance level for a Iwnat/ainment area; the Division had noli/rlher regulat01:V basis to 
pefjorm additional analysis. 

2. ThisPlantWHI Be Bad .ForHunlanHealth 
The pollutants this plant will emit will impair the air quality and thereby 'hav~ an adverse impact on 
human health t()r people living within the affected airshed. Pollutants such as NOx, SOx,and 
sulfuric acid mist will aggravate asthma problems, tend to increase cases of cardiovascular disease, 
and increase heart attacks. 

EPA's consultants estimate that fine particle pollution from power plants shortens the lives of 745 
Kentuckians each year. Kentuckians already have the second highest risk in the country of dying 
from power plant pollution. Statewide, fine particle pollution trom power plants also causes 16,440 
asthma attacks every yetlr, 798 of which are so severe they require emergency room treatment with 
associated lost workdays and school days,l 

I Abt Associates, "Power Plant Emissions: Particulate Matter-Related Health Dumages and the Benefits of 
Alternative Emission Reduction Scenarios" June 2004. 
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Based on EPA datu, each year, 1] 0 lung cancer deaths and 1,022 heart attacks in Kentucky are 
attributable to power plantpollution.2 The studies done by Abt Associates indicate that four 
preliulture deilths' per year m.ay result from the pollution emitted by this Clash Creek plant;) 

Division's Response: 
. The Divisionacknolvledges the comment. The air qua!;tymodeling has shown that there lvill 

not be anyexceedances (1 any air qualiZy standarc:I.'!ias a result (~rthis new cONstrue'tion. 

3. No CustolnersDepend On Electricity From This Plant 
This is a merchant plant, proposed solely for the speculative premise that by the time it is built, it 
can sell electricity on the open market for ~l profit. ER01{A does t10t have a defined service area 
contiiiriingcustOIriers for this plant. Ifitis not built, no one will suffer alack of electricity, and this 
fact should have been considered in the ~l1tern~ltives analysis in considering BACT limits. 

nivision~s Response: 
The DiviSi()il dckno}vl(!dgestlle comment. The Division has no authority to approve or deny 
the constructio!lo/EGU, based on market demand. Comments qfthis nature should be 
addressed to the l(entucAJ! Public Service Commission. 

4. BACT Lintits on' pollution 

a. NOx BACT Limits 
The Statement of Basis states at 4.5.3: 

Cash Crcekselect.edSCRail(.i niti'ogcll dilucntto control NOxcmissioflS fromthc',Sollrce. This combinatioll of 
wnrml processes with a NOx emission limit of 0,0246 I b/!vfMB tu, bhscd t)na 24·hr rolling {)vci'ugc represents 
BACT for the Chsh Creck IGee combustion turbines when tiring syngas andnati.n'al.g'is. 

But the permit itself is not consist.ent with the explanation in the Statement of Basis, as it shows a 
NOxi limit of O.0331Ib/mmBtu~ three-hour rolling average, for burning syngas, and the limit of 
0.0246 IblmmBtu only for firing natural gas, but ona three hour rolling .average. 

, .) 
A primary purp(,)~e oft11e statement of basis is to provide anexplantltionofthe permitting authority's 
decisions. But when the statement of basis and the permit have completely different statements 
about the proper BACT limit, no one knows what is going on. 
We expect t.hat t.he Statement of Basis: 

.. .is an explanation of why the permit contains the provisionsrhat it does and why it does not 
I contain other provisions that mighrotherwise appear to be applicable. The purpose of t.he 
I statement is to enable EPA and other Interested parties to effeetiveiy review the pennit by 

providing infotmation regarding decisi(ms made by the Permitting Authority in drafting the 
. ..4 

pennlt 

In thi:,scase, that intenfiscompletely violated, \Ve suggest that probably the COHcet limit is 0.0246 
Ib/nimBtu or lower. on a three hour average toraH potential fuels, but at"e-working of both the 
Statement of Basis (SOB) and the NOx limits in the permit is needed before a eOlTCct. pennit can be 

2 From C A,Pope,eta/;, Lung Cancer, Cardiopulmonary Mortaliiyand Long··ferm Exposure t() Fine Particulate A.ir Pollution. 
Joumal·ofthcAmericnnMedicnl Association VoL 287, no 9. -March 6,2002. quoted at hUp;!!cta,poiicy,nctiregiolltil/ky! 
3 /I.bt As~ociat.e(;~ {he Parlicn!£/tD-Re!,ited Heulth BCf1t'ji!so!,RedilcTllg:Poll'cr Pliml Emissions, (Octoher 2000.), 
Available online at: http://www.catfusipublica!ions/i.cpi)l.tsit\bt....PM . ..:rcpor1.pi1p . 
,I Joan ~;abreza, MCr\lOralldtlmto Region I o State and Loc.al Ail' Pollution Agencies, Region 10 Q &A #2: Title V remi!! 
Develt)pmcnt,~'larch 19, 1996 
Cash C~reek page 21 of 179 
V~()7-dI7 



issued. 

Division's response: 
Comment acknOlvledged, The NOx BACT limit for the combustion turbines is 0,0331 
IbiN/AfBtu when/iring synthesis gas, and 0.0246 Ibllvl!vIBtu when firing natur(ll gas, Both 
limits are on a [vventy{our hour rolling average;. See theRevised .Statement (~lBasis .)'ection 
4.5.3 and 4.6, Table 4-13. Also refer to Attachment A response to comment #3. 

h. Particulate IVlatter BACT 

The draft pennit proposes a total PM limit of 0,0217 IbiMlVIBtll, based on a stack test Thi~, 
proposed total P~1 limit is higherthan the total prvllimit f()rSpurlock IV, which is O.012IqIMMBtu, 
KDAQ indicntes in the Statement of Basis that errlissiQn controls such as Wet Electrostatic 

Precipitators and Wet Flue Gas Desulfurization (WFGD) are, reaany available to remove more 
particulate matter, but did not require thern in the pennit, and apparently didnot require a full BACT 
analysis of more complete particulate control. The limit for Spurlock IV establishes that 0,012 
IblMMBtu is technologically feasible, and therefore thal should be the maximum possible limit for 
Cash Creek, pending a more complete BACT' analysis. 

Electrostatic precipitators and \VFGD are widely used as post-combustion controls on new and 
existing coal plants. KDAQ has not identified any technical reason why such controls could not be 
used on an IGCC plant. The Prvl BACT analysis must be redont:! with, at a minimum, a 
consideration of these controls. KDAQ must propose new Ptvl limits ref1ectingthe use of post
combustion controls in addition to pre-combustion syngas scrubbing, as well as BACT li111ifs sho\vn 
feasibly by other plants such as Spurlock IV. . 

Division's response: 
The Division doe.\' not conctw Spurlock IV is a coal ... :fired Circulating Fluidized Bed 
Combustion unit, while Cash Creekproposes to lJ..:;e integrated gasifioation combined(vcie 
(IGCC) units. For an IGCC unit, precombustion control is requiredasan integral part (?/,rhe 
operation o/the turbine, The Division is 1101 a'>vare a/an,\} combined cycle htrbinesequipped 
).vilhpos/combllslion particulate controls nor of any determination thaI these controls are 
available jiJr an JOeC unit. 

C. Pl\-f2.5 BACT. 

The Draft Permit does not include aBACI limit.forPM2.5 emissions. Nor docs it appear that KDAQ 
even considered such a limit. This is unlawful and must be corrected before a PSD pCQnitcan issue, 
ThetbderalPSD programrequires a BACT limit Hfor each pollutant subject to regulation under the 
Actthatitwould havethe potcntial to emit in significant amounts." [40 C.F.R. § 52.21(j)(2)]. PM2.5 

is "a pollutant supjcct to regulation under the Act" because EPA established aN AAQS for PM2.5 in 
1997.5 Moreover, PM2.5 will be emitted from this facility in a '''significant'' amount because it will 
be emitted at ~'any emission rate. n [40 C.F.R. § 52.21 (b)(23)(iO]. For these reasons aBACT limit for 
Plvh5 is required.6 Nevertheless, the Draft Pennit does not contain a BACT limit for PA.f.?,5 
emissions. This is a deficiency that must be corrected before a tinal PSD permit can be issued. 
Division's response: 

f,-Vhile the Division acknowledges that PIths is a regulated NSR pol/utant, at this' time EPA 
has not yet implemented N51? regu!aliolls./brPll4?5 NAAQS. II is well esUJblished that EPA 

62 Fed. Reg. 3871!: 40CF.R. § 50.7. 
('s.;:e 42 USC. * 7475(a)(4): 40 cr.R. § 52,21(j) 
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has proposed the interim use of Plv1ro as a surtogate for P[\11.5 until NSR rules have been 
implemented EPA hasrepre5.'ented that: 

"In vie11l of the signi/iCQlit technical dif/icullies that nmv exist with respect to PA12.5 
monitoring, emissions; ,estimation, and modeling,EPA believes that.Pfvl/O'mayproperZv be 
used as a surrogate for PlV/2.5 in meeting NSR "cquirejnents until these dt.fliculties are 
resolved; lVhen the technicaldiflicultiesare resolved. EPA .... vill amendthe PSD regulations 
under40C.F.R.§51.166 and 52.21 to establish aPAh5signijicontemi.'l'sionstate andEPA 
will also promulgate other: appropriate regulatory measures pertinent to PlV!;,5 .. and its 
precursors. 
A1emorandum from John Seitz, qtlice qlAi'r Quali~v Planning and Standard'i,"Interim 
Implementation ofNeH' Source Review Requirementsfor PA12.5/1 (October 21.1997). 

This position Was recently rea/firmed in specific guidance to the states.~ 
"Uying ihe surrogate PlvI2:5nonatt(,inment rnajor NSR progrm1'1, State,}' should assume that a 
lrItJjor-stationary sOllrce~'{ P!\4ft), cinissions reprcij'ent PlvJ2~5emissi()ns and regulate these 
emis'sions using eir/Jer Appendix S or the States' .SIP~approved nOiwuainrnent nu~jor NSR 
program, 
Nfemorandumfrom Stephen Page, p[lice of Air Quali~r'{mdPlanning (fud Standard.,' (Apri! 
5.20(5). 

d. C~eanerFuels 
There are at lea~;t two fhels that are cleaner than synfucl that. must be considered in the top:-down 
BACT determination for each of the regulated pollutants, including particulate lnatter. The draft 
petl))it sets NOx and CO limits for when. the facility is hUniing natural gas. 

Pollutant Limit,' 
3 Hour Avera e Lb/MMbtli 

NOx coal 0.0331 -_ .. _ .. _---!-----,--'-------! 

NOx natura\ras 0.0246 

1('0 coal 0.0485 
0.0449 

These proposed limits when the project is firing natural gas are lower than the limits for firing 
synfueL Therefore, the top-doWn BACT analysis ml1$t consider the use of cleaner fuels, includiilg 
natuf9-lgas, as available clean fuels. Since the fllCility is specifically designed to be able to fire 
naturtll gas, alone or in combination with syngas, there is no argument that burning ga$ would 
"'redefiJle the source.'; . 

Simi(arly, by b~lrning a mix of natural gas with syngas, the source could lower both the pound
per-lVIMBtu eniission rate and the hourly emission rate for each of the regulated pollutants, 
incluqingPM. \Vhile natun~l-gas fired generation must be considereci,as noted above, a BACT 
analysis mtistalso consider mixing natufal gas with syngas. I f the cost effectiveness of 
comb,usting gas~'Or a combination of gas and syngas, is within the range generally accepted as 
cost-effective [6!:sifuilar sources (i.e., under $10,000 per ton of pollutant removed), the BAC'T 
limit 'for PM must be established based on a BACT analysis that factors in natural gas. 

Another avallahle clean thel that has received no discussion in the agency's top-down BACT 
analysis is biomass. There are numerOliS examples of coal plants co-tirlng biomass that should be 
considered in the top-down BACT analysis; For examplc, the S1. PaUl heating plant burns 
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approximately sixty percent biomass and forty percent coa1.7 The biomass is primarily waste wood 
from tree trimmings in the Twin Cities and other industrial activities. The Xcel Bay Point power 
plant in Ashland, Wisconsin, also bums large amounts of 'Yood waste, consisting primarily of 
sawdust. 

The U.S. Department of Energy has urged federal facility.ma'nagers to consider co,..flring up to 20 
percent biomass in existing coal-fired boilers.s In the Netherlands. the four electricity generation 
companies(EPON, EPZ, EZH and UNA) have all developed plans to modify their conventional coal 
fired instaHatiotls to accom.modate woody biomass asa co~t\le1.9 'rhe types of available biolnass 
. d 'I 1 . h j' . . 10 I K' k····· I mclude woo wastes, agncu tura waste, SWItc grass ane praIne grasses. . n .' entuc y one mIg 1t 
conceivably consider tobacco as a biOluass feedstock 

The BACT analysis must consider the burning of biomass, natural gas, andsyngas in setting the 
limits for PM~ NOx, and CO. 

Division's responsc.~: 
The Division does 'not concur. lhe IGCC process vvill use coal 10 produce synthesis gas 
(.<;yngas) as the primary./zlei (natural gas is a secondary fuel). nlefacility is spec!fical(v 
designed/br synthesis gas as the primaf}'.litet alol1eand not in c()mbination with natural 
gas. The Imver heating vallie of biomass has to date precluded its use as a /eed'llock for 
gas (ficn/ion. . 

S.I\Jlonitoting and Enforceability Issues 
a~ Combustion Turbine Flu (sic) Opacity 
The combustion turbine flu(sic) opacity has a limit of 2()!% (6 minute average), except f()f one 6-
minute period per hour of not more that 27 (%. Ho\vever, no recordkeeping or reporting is called for 
in the permit, and there is not monitoring of the turbine exhaust opacity required in the Specific 
rVlonitoring Requirements section (Permit, pages 5 through 8). We do see a Testing Requirelnent 
with wording that seems to imply that compliance with the limit will be ignored, as there is no 
requirement for action if the limit is exceeded. Testing Requirements~ p. 4: 

The permittee shall determine the opacity of emissions from the stack by U.S. EPA 
Reference ivlethod 9 weekly, or more frequently if requested by the Division. 

- The, ()pac.ity.limit is pot practicably ent()[ceable \vithout monitoring, recordkeeping, and reporting 
r¢quirements. These requirements need to be added before the pennit can be issued properly. 

Oivision's response: 
TIle Division does not concur. iHoniJoring and reporting have been and still are in the 
permit,' however a requirement f(u' re(;~ordk.eepjng, Section B 5{g) has been added to the 
permit. Thq opacity limits have been set pursuant to 40 CFR 60, .c.,"'uhpart Do. Thill 
regulation conJains no monitoring, recordkeeping or reporting requirements .. This penni! 
does, contain requirements je}f' compliance cerl(jication andperiodic repor;ting. 

7 http://www.dlstri(;J?.11t;JGY:..\CQJ:ni 
~ b.lli2:! !www 1 .. ,.§.~g:,.Q.!l~f.gy~gov /\?J.9l!JJ!:i31.n.dfsi .. n.~JJ.J24f 
<, http://y'i ... ww ,ccc i~.!l~l[ilf£hi'y'g!J2'!'Qh~E;e/Bl 02.?cf.J.l1mJ 
I "lilt£):! !w\"'}:YJl~)~:/.IJ~.\Y:?{.fl~2y.L~HHm.11l·Hf?.~:.f.ItB_jSt:"'.1!)8 2 0(2 , 
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h. PlYl Compliullce Assurance lVlonitoringand CElVIS. 
Thep~rmitis required to have Compliance Assurance Monitoring for rrvuo, a,s the facility will emit 
over 100 tpy of the pollutant See40CFR Part 64. The draft permit,ho~vever, makes no mention of 
CAM for PM10. This omission must be fixed before a final permit can be issued. 

I ' 

KDAQreccntlyrcquired the use ofa PM, CElVlSin the PSD permitJor the EKPC Spurlock 4 CFB 
proj~ct, andthere is extensive experience of PM CEMS on coal plants as aresult ofnumerousNSR 
settlements around the country, Therefore,KDAQmusta}so require the usc ofa PNI CEl'vlS in this 
per~it. 

i 

Als~, a PM CElvIS will be required for determining conliiming compliance with the pennit's Prvl 
filterable limit The permit HUlst be revised to include these requirements before the pennit can be 
issued properly. 

Division's response: 
For CAlH()aPP/-F to a unil, three conditions must be met. The/irs! is thatpre controlled 
emissions are greater than a hundred tons per year, secondly that there is an emission 
standard, andlastly that there is a control device used for compl~(lflce, For emissions of 
PlY1!PA1!f) thejirsl tHY) conditions are l1J(!t, but the last one is 1101. There is no active control 
device for Pl~fIPjHIO, therefore CAAl is noi reqUired. 

6. B:ulkHalldling, Storage,Proccssing and Loadout Operations. 
A.Eitiissions IJmit 
KDf'Q did not il~clude an emission limitation t()f Unit 7 (coal pUe). InsteLld, the· agency specified 
the lise of use'· of certain controls and cites an approximate expected removal efficiency. (See the 
SOB;at p. 19). BUT, BACT is an emission li.miWtion. Controls like baghollses and methods such as 
"coJ11paction" and'\vater suppression control methods"therefore do not constitute BACT, but are 
desdiptiOllS ofhO\\/ a source might reach a BACT limit. The permit should include specitlc numeric 
limit~ on material handling emissions'. (The permit for Indeck~Elw()odcontalnsexamples). Also, 
vagu~ permit language regarding "reasonable precautions" as an operating limitation for Unit 7 is 
not a: practicably enforceable requirement. (Permit at p, 24 of 51).1! 

Division's respouse: 
: The DivisiO!l does not concur that BACT must be stated as a numerical limit. The definili011 

of SA CT includes design, equipment, work practice or operational standardtt or combination 
qlstand(ird~; approved by the Cabinet. The term <lreas{Jnableprecautions "is the l{;lngllqge 
of the regulotionfound at 401 KAR 63:0] 0; Consistent with 401 KAR 5 I:OJ 7 the permit 
contains conditions lvhichrequire the unit to be maintained and operated properly. 

B. Compliance Terms Should Be Clearly Defined 
The tenn "reasonable precautions" is vague and not practiGably entorcetlble. Therefore. the 
cond~tionsinwhichlhe term is used must be modified to explicitly state what the applicant must do 
to be: in 90mpliance. These conditions include Unit '07 (coal handling), Condition 1 (a); Unit 08 
(cooHng tower), Condition 1 (a) and 2(b); and Unit 10 (roadways), Condition I(a). 
Divj~ion 'srespon~e: 

. Theterm "reasonable precautions ., is contained in Kenlllcky's regulation 401 KAR 63:0} O. 
! 

7. 'fIle IGee Plant And Coali\1ine Should Be Permitted As A Single Facility 
The 'statement Qf B,asis-states that "the primary coal supply is expected be provided by the' Ptltriot 
Coal,Cornpany. which operates an existing underground and surtace mining and processmg 

I '. , 

n See lJ.S. EPA Region 9,:Title V Permit Revi¢i..v Guidelines: Practical Enforceabiliiy," [Sept 1999] 
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operation adjacent to the Cash Creek location. The coal will be delivetedby a conveyol' from the 
mine to an onsite receiving transfer-house.,,12 KDAQ issued the PatriotcoaJ prQcessing ff]cility a 
construction and operating permit, Permit No. S-06-333, on December 6, 2006. Due to the increased 
production at Patriot necessitated by Cash Creek, 13 and the interdependence of the two tllCilities, the 
mine and plant must be jointly evaluated as one major emissions source for the purposes ofthePSD 
permit for Cash Creek. This means that in evaluating whether the Cash Creek source's emissions 
will be significant f<'1r determining incremental impacts and required controls, both facilities must be 
modeled together. Further, in determining the Cash Creek source's impact area for each pollutant 
and the impacts on visibility, plants, soils, and air quality related values of Class lareas, the two 
Hlcilities l11ustbe modeled simultaneously to predict the overall impacts from the Cash Creek source. 

Any attempt to model only impacts from the Cash Creek nominal 770rvlW facility must be 
considered circumvention of the PSD pennitting regulations and must not be allowed byKDAQ . 

.l>ivisi()n's response: 
The Divisioll does not concur that thesefhcilities can be considered a single sOW'ceunder 
the PSDregulations: The Patriot coal company haJ'four {'ompan;j/-operatedmines,sen,ieed 
by three preparation plants in Union andliel1.de,,·sol1 counties in western KentueA"y. The 
company sold 9.0 million tons l?/,coal in 2006 and controls' 866 million tonsqlreserves in 
the illinois Basin The Division knows (~lnocommon control between these hvo c:ompanies, 
nor Itvould the adjacent mine be consideredasupportjacility, 

The current!.v operating mine currently hold~ a ;'Statc,-Origin" or minor /i,'Ource permit. 
Emissions consist al111oslexc!usiveZ}l aSji/gitjve parliculal(!emissions.lhml the coallran~{er 
operation", Even if the mii'le could be considered a common source; it '.vould onlv have a 
trivial impact on the nearest class I and non .. attainment areas. . .. 

8.Thecmi!isions from this plant will pollute the surrounding water 
Wabash. River, IN, isolle of the few IGCC plants that has becn in operation for a number ofyef1fs. 
It is approximately a third the size of the proposed Cash Creek plant. l'he w.oste streams frorn the 
gasification processes have created significant problems in the nearby water systenls there. 
Operating the gasification process system at Cash Creek is likely to do thcsal11c, maybe three times 
worse, which will threaten thc Green River. 
The expected waste streams from an IGCC plant include, but are not limited to: un-recycled 
condensed water from the process, cooling tower blowdown; gasification plant process waste water; 
regeneration waste water from the demineralizer system in the power block; rainwater collected in 
the process blocks for both gasification and the powerblock; and equipment purges (blbwdowns) 
and \-vater \vash-downs during maintenance procedures, 

Trace elements from the coal feedstock are volatilized in the gasification process, and later 
condensed from the syngas. The processing of this sour condensate to remove dissolved gases will 
not rernove all tra.ce elements in the processed water stream 

The experience at \Vabash River indicates elevated levels of selenium, cyanide, and arsenic aretobe 

L? SOB, p,l 
1.1 According to an IEPA press release f()r the analogolJs ERORA Taylorville facility, this plant will consume approximately l.R 
million IOns of coal per year. Patriot's three Western Kentllcky mines together produced only 4 million tOilS of coal in 2004, Sec 
Peabody Energy Press Release, Nov. 9, 2005, "Patriot Coal Company Barns Reclamation HOllors Froin the K~~nlucky 
Department of Natural Resources & Kentucky Coal Association:' available at nJnrLX~KP·:.LQrCS!£m;,:< 

I}Vl'C!U)\;W\.ij!Hfi1r:(; ' .. "' .. : .. ~.:.:' .. : .. '<'.l.: ...... ~! .. :'·\,.·.:i.':';.:·},.'o.!! '.:.:';! .. !.}:<;~.!' .. ' .•. : ....... ! ... ' .. '.: .. : .:;' ... '..'!!!.! .• ': ... !';'!.;~~:!! .... ' Thus, Ih~ Cash Creek facility willrequirc the 
Patril)1 mine to p(.!entially more than double its production lcvel:which in turn significantly impact air emissions. 
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exp~cted in any of the gasification process \vater which leaves the plant, as the process wastewater 
there has routinely exceed permissible dailymaximnmlevels. 14 

. I 

Rell10val of trace elements, such as selenium, arsenic and cyanide can be effectively accomplished 
thro~lghthe use of evaporation systems, but such control systems are not mentioned in this pennit If 
the pollution from the coal gasification process at this plant is to be effectively contained, pollution 
in th~wastewaterstreams need to be controlled. Otherwise,the t{tture quality of the Green River is 
seriously threatened by the Cash Creek plant. 

nivi~ion's response: 
, The Division acknolvledges the comnl.ent however, discharge.)' into lvalet::s' (?l the 

Commomvealth are regulated pursuant to KPOES permits no/ TitleVIPSD permits. 

9. A :Decision To GrantThisPermitl\'Just Consider Global "Varming Impacts 
Carbon dioxide emissions and ensuing global \Vanl1ing effects clearly pose a threat to the health and 
welff1re of humans, animals, and plants, as discussed below. The permit. thus must ensure that 
emis~ions of carbon dioxide from the proposed facility are adequately controlled to avoid such 
imp~\cts, under401 KAR 63 :020, "Potentially Haz(lfdous ivlatter or Toxic Substances."However, 
neither KDAQnor the applicant considered the impacts of carbon dioxide from the Cash Creek 
project. [See Statctnent of Basis p. 12 of51~ and Application, Section 8]. 

: As the permit states, the proposed project is subject to 401 KAR 63:020, [SeeJ)errnit p. 2 and 
12 of 51], which defines "potentially hazardolls matter or toxic substances" as "matter \vhich may be 
harmftii to the health and welfare of humans, animals, and plants~ including, but not limited to, 
antilnony, arsenic, bismuth, lead, silica, tin, and conlpounds of such materials:: Section 2(2) 
(emphasis added). Accordingto the American IJeritageDictionary, "matter" is "[s]omething thathas 

. mass: and exists as a solid, liquid, gas, Or plaslna.,,'5 Carbon dioxide clearly fits this definition. 
Fm1}\ennore, there can he no doubt that carbon dioxide emissions and the ensuing acceleration of 
glob~l warming pose serious danger to humans and theenvirollInenL The U ,So EPA has concluded 
that "[aJ few degrees of wanning increases the chances of more frequent and severe heat waves, 
which can calise-more heat-related death and illness," as weU as. "more fi~equent droughts,." greater 
rainfilll, and possibl[e] 6hangc[s in] the strength of storms."16 These are only a few of the threats 
posed by global \varming. 

: The international scientiHc consensus has indicated that the e~lrth '$ climate is changing and 
that l~uman activity is a major factor. [International Panel on Climate Change, Climate Change 
200t, The Physical Science Basis, SummaryforPolicy iv/akers, hereinafterlPCC 2007, available at 
www..ipcc.ch). The IPee 2007 report goes on to note that: 

• The global atmospheric concentration of carbon dioxide has increased from a pre
industrial value of about J 80 ppm to 279 ppm in 2005. 
• The atniospheric concelltrationofcarbol1 dioxide in2005 exceeds by far the natural range 
over the last 650,000 years (180-300 ppm) as detemlined from ice cores. . 
• The annual carbon dioxide concentration rate of increase was larger during the last ten 
years (1995-2005 average: 1.9 ppm) than it has since the beginning of continuous direct 
atmospheric measurements (] 960····· 2005 average: 1.4 ppm per year). JPee 2007, 

14 ~Vabash River Coal Gasification Repowering Project Final Technical Report 

15 "m'attcl:,"\Il.d.}, The American Heritage(i.'i) Dictionary of the Eflglish Language, Fourth EdilioN. Retrieved JUne 
08, 2007, li'om D it Ii 0 na ry .C orn \vebs i tc: Dlll2ili£.\:Ellgl.Cu:.~:.t~.t0.b;£:.f:.mJl.J)L~)~Y~'y/rl}UJ.t.:<r 
16 U,S. EPA, climate change website,last updated on April 6, 200J, 
http://wwv''.epa.gov/globalwarming/faq/fundamentals/html 
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Fossil fuel burning is the primary contributor to increasing concentrations of C02 (lPee l007). 

"Warming of the climate system is now unequivocaL" lPee 2007. Eleven of the past t\velve years 
(1995 - 2006) nmk among the 12 wannest years in the instrumental record of global sl.]rfilce 
temperatures (since 1850). Id. 

There can be 110 doubt that accelerating global warming will pose a serious danger to humans 
and the environment. Emissions of global warming pollutants have already d()ubled the risk of 
extreme heat waves, according to a team of scientists led by Peter Stott at the British MET Office. 17 

As the scientific journal Nature reported, globalwanning pollution is linked to the European heat 
wave of2003 that killed more than 15,000 people, Similarly, the U.S. EPA concludes that"[aJ few 
degrees ofwanning increases the chances of more fi'equent and severe heat waves,which can cause 
more heat-related death and illness," I & as well as "more frequent droughts ... , greater rainfall, and 
possihl[e] change[s in] the strength ofstorms.,,19 These are only afew of the threats posed by global 
warming. ThelPcC identified thefQllowing ilnpactsas either "likely" or "'very likely" to occur as 
C02 concentrations in the attnosphere increase: 

• Higher maximum temperatures over most land areas; 
• Higher maximum temperatures and more hot days ovei' nearly all land areas; 
• Higher minimum temperatures and fewer cold days and frost days over nearly all land 
areas; 
• Reduced diurnal temperature range over most land areas; 
• More intense precipitation events over many areas; and 
• Increased summer dry conditions and associated risk of drought over most mid- latitude 
continents.10 

The National Academy of Science (NAS) and liPA make similar predictions. [Climatc,Clwnge 
Science; C4.R, 106]. The {pee quantifies these predictions as between 66 and 99% probable, 
depending on the specific environmental impact.21 By ahy meaSl1re~ global warming will CalISe 
serious negative impacts for humans and the environment. 

The extent of negative global warming impacts will depend on the amount of C02 emitted 
into the atmosphere. The NAS similarly found that the "risk [to human \velfare and ecosystems] 
increases \vith increases in both the rate and the 111agnitude of clirrlate change,,·)2 Simply put, the 
more C02 humans release into the atmosphere, the more serious the impacts on the environment 

In 2001, the US Global Change Research Program released Climate ChangelmRtlcts on the 
United Stales: The Polential Consequences of Climate Variability and Change,"Y' (Natiol1ql 
Assessment OvervieHi) predicting effects of climate change for each region in the U.S. The report 
was authored by scientists from the U.S. Geological Survey,USDA Forest Service, and numerous 
universities across the nation,· According to the National Assessment, effects 011 Kentucky are 
expected to be significant and severe. Increased average temperatures and increased evaporation are 
expected, potentially leading to net soil moisture declines. The National Assessment shows that Hthe 

t7 Stott. et al..Human Contribution to the European Heatwavt.! of 2003,Nature (432:610), Dec; 2, 2()04. 
IS U,S. Environmental Proicction AgencY,climate change web site. last updated on April 6,200 I, 

1') U.S. Environmental Protection Agency, climate change web site, last updated on April 6, 20tH, 

~u Third As:>cssnwnl Report {TAR}, The Scien1(jic Bosis. ! 5 [pee 200 L 
2i 7/iR: The Scientijlc Basis, 2 
22 C1R. 254 
23 National Assessment Synthesis Team, Climate Change Impacts on tht~United Slates: The Potential Consequences 
of Climate Variability Z1nd Change, US Clobal C'hange Research Progrinn, Washington DC 2000 (National 
Assessment Overview). 
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changes in thesimuIated heat index for the Southeast [including Kentncky] are the J110stdramatic in 
the ,?ation,"[Natipnal Assessment Overview, p~ 481 \Vith the increased heat, airpollutiQI1 is also 
likel,Y toworsen5~"Without strictattention to regional'emissionsof airpollutants~ the undesir~lble 
compination ofe~tremeheat and unhealthy air quality is likely to result.." [Natkjnal Assessment 
Overview, 55]. In other words, harmful air qllality will accomp~ny the heat incr~ases predicted for 
Kentucky qsaTesultof global wal1l1ing. 

, Thcs(!Jypes of weatherconciitions, which will increase as global warming worsens, have 
alreqdycallseclse~ious hyalth, welfare, ande.conomic problems in the region. For example, '>[a] 
short-tel111 heat wave in July 1995 caused the death of over 4,000 feedlot cattle in Missouri. The 
severe,droughtfrPIll Fall 1995 through Summer 1996 ill the agricultural regions of ~he southern 
Greil;t Plai~j$Teslllted in about $5 billionin damages." ld. at 61, 

: According to tbe National Assesstnent, effects on KentuckY,as with the rest of the Southeast, 
are expected to be significantin (sic) tenns of human health: "of concern ... arc the effects that 
elevated surt~lCe temperatures have on hllman health as a result of prolonged or persistent periods of 
exces$ive.Sl1rnm.eltim~h~at events coupled with clroughty conditions.,,2~ Beat is not the only 
ex.pectedcau$e.ofl1calth probh~ms in Kentucky's region. Decreases in' water quality are. als~ 
ex.pecJed, al1d.··.effects . .on surface .. waters ()f changes. in precipitation have. important health 
impl~catiQ~sintheregion. Increased ~recipitation promotes the transportation of bacteria as well as 
othetpatlJ()~.~lls andC()llt~l.mihants by surface waters throughout th~ region."ldat p. 159. Unless 
releases of global wanning pollution are curbed and then significantly decreased, global warming 
pollJtionwillpose significant threats to the health, welfare, and economy of Kentucky. 

Additj~nally,incre.asesin 9.lobaLten]p.era~ure may alsocauseJlooding, which poses adirect 
threat to hlunan health, [1AR: Impads, 762]. Such Hoods pose a danger due to rising flood waters, 
but also dhe tothe health threat posed by the agricultural and pther non-point source pollution 
washediritosnd11cewaterandgroundwatersupplied during floods. [National Assessment Overview, 

54]. : 
I Kentucky agriculture is particularly sensitive to the degree of warming because of the 

existing threats of beat waves, Hooding and drought. Unlessreleasesof globaJ wanning pollution 
are curbed and then signiiicantlydecreased, global warming pollution will pose significant threats to 
the h9alth, wei fa re,l and economy of Kentucky. 

: Thus, KDAQ musfmakeanindividlmlized determination as to the proposed project's carbon 
dioxi;deemisSlon potential and the adequ£\cy ()f controls and/or procedurcs for controlling carbon 
dioxi,de pursuant to 401KAR63:020. Thei\gency rl1ustdo its part to prevent these dire health and 
environmental threats by prohibiting, or at a minimum rnitigating, the 3-4,000,000 toris of C02 
pollution thafwould result fr0111 the proposed project annually. (Said another way, this project 
would add the carbon emissions froll) adding approximately 500:000 cars per year for each of the 
next fifty years.)26 

: In lightof the serious adverse impacts of carbon dioxide emissions on hllmanhealth and 
welfare, property, and the environment, KDAQ cannot l::lwfuIlY'refuse to exercise it.s authority in 
401 KAR 63 :020 to elilnimlte or I imit carbon dioxide emissions in taking action on the proposed 
Cash!Creek projectpernlit. Indeed, the Supreme COUlt in the!V1assa.~husettsl.E.p A decision makes 
clear:thatKDAQmayrely on401 KAR 63:02010 eliminate or limit carbon dioxide emissions ft'om 
the C~sh Creek pennit. [127 S. C1. at 1455). The Supreme Court also acknowledged '~theenonnity of 
the potential consequcnces associated with man-made climate change." Id. at 1458. 

i There are numerous opportunities for mitigating theCt1rhon dioxide emissions associated 

24 .7>1!?'; Impacts, 764 
25 Nat~ol1l1l.Assessment Chapter 5, "Potential Consequences of Cliltwtc Variability and Change for the Southeastern 
United States, p. 146:' . .... ' 
11'> See EPA Offke of l\ir arid~adiatioil. Factshcet EP!\420.:.:f-OO-0I3 "!\verage Annual Emissionsand F'ucl Consurnption for 

. Passenger Cusand Light Trucks: Emission Facts: 
i 
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with the proposed project. First, the project could be designed to expeditiously capture and attempt 
to store underground ill geologic fonnations a significant portion of the project's proposed C02 
emissions. The current proposal to have the project "'capture ready" does nothing to deal with the 
critical questions facing the entire coal industry ...... whether large scale carbon sequestration can work, 
and if coal can have a future in a carbon-constrained world. 

As another possibility, this new source of carbon dioxide 'could be conditioned on the closure 
of existing sources of carbon dioxide. Third, the project's efficiency (and reduce the need for fossil 
filels generally) could be improved by co-locating an industry that could utilize the waste 
heatlsteam, such asa new ethanol or bie-diesel plant. 

KYDAQmus(consider the global warming impacts from C02 emissions associated with this 
proposed project: A) as a non-regulated criteria pollutant in the BACT analysis, and B) in· the 
alternatives analysis under CAA Section 165. 

Division's Response: 
The Df"vision does not concur. Carbon dioxide in and of itse(f is not consiaef'ed a 
"p()fenlially hazardous matter or toxh.:s substances" tinder 401 KAR 63:02(J BACT 
orwlysesare limited to regulated Nel-v Source Revieiv pollutant,1) pursuant to 401 KAR 
51~'001"Section 1 (25). Regarding the commenler 's re.fGrence to CAA Section 165 ((~) (2). no 
viable alternatives lvere presented during the public (on1l11entperiod/iJr cOrl..ro;ideration by 
the Cabinet. 

<*).CarbonDioxide Nlpst Be Considered In the BACT Colintenlilinpacts A"alysis 
Eyc?in the cU~TcnL absence of USEP A regulating carbon dioxide,KYDAQ must still consider 
carp?n dioxide as a nOI;l,..reguh'tted pollutant in the BACT analysis, This "collateralimpacts" 
analysis is intended to target pollutants that are otherwise unregulated under the PSD provisions. 

J)iyisj(~ll 's .. respo nsc: 
. . The Division does not concur, The d((jlnition (?lBestAvailable Colltrol TecJmology/ound at 

401 KAR 51:001 Section J (25) is clear that BACT is required for "each regulated ;V.5R 
pollutant that will be emitted jI'om a proposed nuy'or stationary source or major 
modification ... . " ·/1.t/qior stationm:F source and major mod(fication (I1:e also clearly defined 
ac(:ording to emissions of regulatedNSR po!l~/tants jor .lvhich aNAAQS has been 
pro1J1ulgate(/' pollutants subject to a NSPS under Section 111 of the CAA, Class I andl1 
substances su~iect to a standard under Section 602 of the C4A, and pollutants olher~vise 
subject to regulation under the C:4A. 401 KAR Section 51:001 Section 1 (210). 

No NAAQS or NSPS has been establishedfor carbon dioxide (C02), CO} is not a Class 1 or 
II substance nor is it otherwise regulated under any provision of the CAA at this time. 
111ere/bre, no BA CT ana~rsis isrequired./()r C02 in this permit application and approval. 
Consideration Qf environmental impacts, referred to by the commenter as "collateral 
impacts." is a component of a BACT ana~.vsis, Because BACT is not applicable for COj. 
consideration (~l environmental impacts is also not applicable. Kentuel,)! is required by 
st(lfute to implement a PSD program that is no more,)'tringenl lhanfederal requirements. 
KRS 224.10-100(26). fVhere there are nofederalregulations eSlablishingrequirements./iJr 
('0] at stationary sources, Kentttck.v is prohibited/i'om imposing (lny such reqllire~ents; 

i. A Stringent Output-Based Standard Would l\lil1imizc C02 Emissions 

Carbon dioxide en1isslons are directly related to the amount of coal burned; The more coal (or 
syngas) burned to produce a megawatt of electricity, the more carbon dioxide emitted, Similarly, the 
less coal burned the lower the emissions of regulated pollutants. 
C;)sh Creek 
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, In the top-downBACT analysis for each regulated pollutant KYDAQ lIlust consider output 
based limits. 

As pat1 ofthe new NSPS standards USEP A adopted output-based standards as a step towards 
minimizing inefficient and. unnecessarily polluting boilers. In the analysis for the new NSPS 
staI\dm'ds USEPA identified that boiler efficiency Cali vary enormously. See fYlcmo from Christian 
Fellper USEPAto Utility. Industrial and Commercial NSPSFile; Gi'Oss~'jjlciency o,/Ne'w Units 
(r'ebnHfry2005)~TheJliUowing table from that same menlO and identified as Table 2 describes the 
range o'felTiciencies: 

USEPA fnrtherexplained that the highest efficiency subbituminoos, bituminous, and lignite tacilities 
are 43;38~37pcrcent efficiencies respectively 

In a paper .presented by three USEPA cOlnbustion experts at the 2005 Pittsburgh Coal 
Conrcrenccthey detailed the enormous ditferencc;in the efficiency (i.e. the C02 emissions per ton of 
coal: burried) between sub-critical, super-critical; ultra-supercriticaland IGCe coal plants. See 
Sik~nderK.han etal, EnvironmentallmpactC'omparisons JGC'C vs. PCP/ants (Sept. 2005) 
(atta:ched); Follo\ving is Table 2 from thatpaper: 

To minimize theemissi()ns of carbon dioxide KYDAQ should insert a penni,t provision requiring the 
project proponent to maintain a net thermal efficiency at or above 41 percent. Such a term would 
m:inijmize both the emissions ofregulatedpoUutants and the collateral emissions of carhon dioxide, 

Division's Response: 
, The IGCe process has one (~lthe highest thermal i?:lficiencies of any ctirrerll coal 

technology Tbe Division L\' unsure tfthe above qllOted/lgilres are -current, as it is our 
under:Handil1g·tlmt General Eleclric(OE), the lurbinesupplier, has made some 
optimizations and improvements in their clesigns. The Division does not believe thaI a 
thermal efficiency term is approj)riote purs'uant to the PSD regulations. 

H. Clean Fuels Can Reduce Regulated Pollutants and C02 

Contrary tothe plain language of the Act, the agency has not considered clean fuels in its BACT 
analysis. For sonic inexplicable reason the agency sets two BACT limits, one for syngas and one fOf 
natlJ~al gas. If the ptoposed facility can bum natural gas then it must be considered an available 
cleat) fuel in a top-down BACT analysis and mayonly rejected in tlwor of syngas in accordance with 
the pfocedures detailed in the 1990 NSRfYlanual. Similarly, there is no discussion of the feasibility 
of bl~ndinghioll1ass into thefuel mix as away to Initigate the emissions of criteria pollutants and 
"non~regulated pollutants," such as carbon dioxide~ Every increfnent of additiomH natural gas or 
biomass that displaces syngas means less regulated pollutant emissions associated with the burning 
of singas and less carbon dioxide emissions. 
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Division's Response: 
See Re!Jponse to Cmmnent in Attachment C. number 4, d 

iii. KYDAQ l\lay Not Increase Emissions of Global ""arming 

KYDAQ is prohibited trom granting this permit \vithout mitigating the global warming impacts 
because it \vould allow the project proponent to emit carbon dioxide (and other greenhouse gases 
such as nitrous oxide) in such quantities that the carbon dioxide en}lssions and ensuing global warming 
effects clearly posen threat to the health and welfare of hunmns, animals, and plants 

Based on the discussion above, carbon dioxide constitutes air pollution and addingrnore 
global \-\farming pollution will accelerate global wanuing and cause further harm human, plant and 
animal life. KYDAQ may not issue a permit that will cause additional injury to human health and 
the health of animal and plant life. Further, this is a ll1erchant plant, which has no assigned block of 
customers dependant 011 electricity ,it generates. The C02 it will generate will create unneeded harm 
with no countervailing benefit to the Commonwealth. . 

As demonstrated in the recent Springtield~ IL, and Great Plains Energy settlements, it is 
possible to approve the constrnctionof a new SOurce of carbon dioxide conditioned on achieving 
overall carbon reductions through strategic investments in the retiring of existing sources, adding 
clean renewalJle generation, and boosting spending on energy efficiency measures. 

'IliVbion's Response: 
See Response to Comment in A Ifachment C', number 9, 

(b). KYDAQ Must Consider Globnl \\larming lJnd~r the Alternatives Analysis 

CAA Section 165(a)(2) provides that a PSI) permit may be issued only after an 0ppo11unity 
forapuhlic hearing at which the public can appear and provide com.ment on the proposed source, 
including '''altenlatives thereto" and '''other appropriate considerations." 42 U.S.C. § 7475(a)(2}. 

There are numerous options to building a new coal plant. As the City ofSptingfield, IL, and 
Kansas City Power &:Lighthave demonstrated, it is possible to build new coal [md through a 
combination of closing old, inefficient boilers, and investing energy efficiency and clean renewable 
energy curb overall carbon dioxide emissions. 

IfKYDAQ does elect to issue this pennit, we urge the agency to condition approval of the 
propbsecil)ermit on agreement by the project proponent to curb overall C02 emissions associated 
\\fithprovidingelectricity to its customers by 25 percent below 2005 levels by 2012 (Le. meet the 
Kyoto. Protocol reductions). 

Dlvision'sResponse: 
See Response to Comment in Attachment C, nwnber 9; The Division is expressly prohibited 
jj'om promulgating administralive regu!alions or imposing perm!t conditions on the emission 
qlcarbon dioxide or other green house ga.~es pursuant to the Kyoto Prof(}colfbrfhe purpose 
(~freducing global wa,.-ming lIn/ii authorized by the General Assembly or b.v,lederalstatute. 
KRS 224, 20-125. 
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ATTACHMENT D 

Re~p(}l1se to Comments 
i 

COl1lnlcnts QU the Draft Title V Air Quality Permit submitted by Board of Commissioners of 
\Var;ick County Indiana. 

The !ahQve referenced. comrnents consisted of the 1'0 Howing documents attached hereto as 
Atta¢hment D-l: 

Conimissioner's Resolution 2005-08, passed by the Warrick County Cornmissioner passed on 
Aligpst 10, 2005. 

Co~nissioner' s Resolution 2007-05, QPproved by the \ValTick County Commissioner on June 
13,~007. 
Letter to Indiana Attorney General, Steve Carter, rcquestingaSectioil 126 Petition be prepared' 
against the granting of the Cash Creek Permit. 

t 

nivi~ion 's response! 
The Division acknoH'lec{ges the C0111111ents provided in the documents listed above. ThLs' 
permit is being isslled pursuant to the applicllble lcm/s and regz(/ations. The Division has 
reVieH!ed the PSD Application f;-om Cash Creek lIsing the EPA' recornmendi?d reviev\l 

, proci;y!ures. As long as Ihe proper procedunfs are followed regarding regulatol}' 
app/icabilif;Y and demons/ration (~lcompliance, a Title VIPSD permit muyt be issued. 

Emission limits and control technologies, asestahlished in the permit, are in ltccordmtce 
wili? aflapplicable State and Federal requirements including BA C1' guidelines. AERAfOD 
air dLspersion 1110delinganazvsLs was pe~lorme(/forcriteria po/lutanls(NOx, S02; Pi\11Oond 
CO) to determine the maximll1rl mnbient concentrations attributable to thepropos'f..!d plant 

, for each o/Ihese pollutantsfhr cOinparison H'ith Nation"l Ambient Air Qtlalil;v St(l1ulor(/..\' 
{NAAQS;' All The criteria pollutants are modeled to be belmv the NAAQS 

J:Vhile the letter toAt/orney General ('arter is included in thecolllments as requested by the 
Board (~lCommissioners,Attorney General Carier is the appropriate resfJondentto rhe letter 

1 rather than the Division. 
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ATTACHMENT E 

Ilespollse to Comments 

Comments on the Draft Title V Air Quality Pennit submitted by Newburgh Townivlanager and 
the Town Council of Newburgh, Indiana. 

The above referenced comments consisted of the following documents athlched hereto as 
Attachment B-1: 

Resolution 2007-08 adopted on June 13, 2007 
Resolution 2001-7 dated September 19, 2001 
Letter to Indiana Attorney General Steve Carter, requesting a Section 126 Petition he prepared 
against the granting of the Cash Creek Pen11it. 

Division's response: 
See Response to Comment in Attachment D, 
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ATTACHMENTF 

Response to COlnlnents 
I 

Co~mentsOI1 the Dnlft Title V Air Quality Penllit submitted by Jonathan Weinzapfel ,'Mayor of 
the. Fity.of Evansville, Indiana . 

.1 Require rigorous pollutant control and reduction strategies. . 
Req~lirec(}aI7flred power plants to utilize the .most advanced technologies available to capture 
carb~:H1 anti controlandlor reduce, emission of nitrogen oxides, sulfur dioxides, Volatile Organic 
ConipoundsandQther pollutants consistqnt with the implementation of the Clean Air Interstllte Rule 
by2010,theClean Air Visibility Rule by 10l5,and the Clean Air Mercury Rule by2020. 

! 

D· .1 •. , R . 
. . IVISIOO'S . esponse: 

I 
1 The Divisionat:knOlvledges the comme1'1l. All of the required Be'l'lA.vailabte Control 

Technolog}J (BACT) analyseswerepeJiormed and reviewed/or allthe emission units. The 
air quality m{)deiing has .Shi.)}Vll that this prqject will not cause nor contribute to any 
exceedances l?fan,)/ airqualit)!standardl). This project lvillberequit:ed to meet the Clean ,:.IiI' 
Inters/a/cRute (CAlR), the Clean Air VisibililyRu!e (CAVR), and the Clean Air A1ercU(}J 
Rule (C:4iVlR). At Ihl~s' time, carbon capture is not required by state or/ederalrequiremenls 
and the Division has no authoriZv to require carbon capture in a permit . 

.f.:. Conduct pre-constructioll and post-constfllction monitoring data for ozone and Ptv1. This 
monitoring should encompass at least llendersonand Webster counties in Kentucky and Dubois, 
Gibs:on, Pike, Posey, Sp~llCer,WaITick and Vanderbutgh counties inlndicmtl(thc Evansville l'vISA, 
plus ,thePiVh5 nOrl-attain.ment counties) . .It may not he necessary to install and operate new Qzone 
and PM2,sfl1onitors if the U.S. Environmental Ptotection Agency (EP A) will agree that certain 
exist~ng monitors will suffice to determine any adverse air quality impacts. 

Thisimonitoring should not belimited to the ilew PSD/NSR sources, but should also he required to 
inclJdeany facility with actual or potel1tial emissions of 100 lons peryear of nitrogen oXldes,sulfuf 
dioxides and Volatile Organic Compounds. ' 

I 

Division' sRespons~: 
: The Pivisiondoes not concur, Preconsiru(,~ti()n fJ1()nitoring is required by J>egulation j(H' 

sources that h(lve modeledemissionsjbr criteria pollutants that exceed signtflc(1llt impact 
: levels (SIL.,>,). Cash Creek has shmvn through modeling that their operation will not exceed 

the SlLs and thus precofl.\'truction monitoring i,s' not required Kentucky m(lintains an 
extensive network {~lambient air monitors to ensure the protection qf the ambient air quality 
standards'; including sites in Daviess; Ifallcock. IfendersoJ1,. and Ohio counties. Iflis' 

1 nenvork Ls' designed and operated in accordance \1/1/11 U.SE'PA requirements. Ambient 
1 monitoring in Indiana is under the purview (d::the IfldianaDepartinent ql'Environmellt(1l 
! . Afanagement. 
I 

3. Perform air quality impact modeling specifically f()f the above-mentioned counties, 
This modeling should take into account the combined estimated emission.s from all the proposed' 
facilities withactual or potential emissions of 100 tons/year of nitrogen oxides, sulfur dioxides and 
Vola~ih~ Organic Compounds. This aggrcg(}ted lnodel ing should be performed in addition .to 
performing modeling for each individual facility. Although modeling is not a perfectsciencc~. it is 
my understanding that it is the best predictive tool available at this time, 

t 
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~ivision's Response: 
The Division acknowledges the comment. Air qllali~)/ modeling has been pClformed pursuant 
io all applicable requirements including 401 KAR 51 :017, Prevention of Signijicant 
Deterioration of Air Qualizv and 40CFR 51. Appendix fV, Guidelinc on Air Quality 
lvlodeling. fHodelingfor this penn it included the area sign {ficant(v impacted by Cash Creek. 

All $'ozJrces that had been permitted or had submitted complete applications prior to til£? 
submittal of Cash Creek's compleie application were considered. 

4.1 have long promoted aregioTud approach to economic development, realizing the benefits of such 
development reach tar beyond the counties involved. However, to pl~on1Ote economic development at 
the cost of degraded air quality is short-sighted and in no one's best interest. Most major 
developments will not locate in a non-attainment area, as is evidenced by the number of facilities 
planned nearby but outside Vunderburgh and \Yarrick counties. I believe that environm'ental 
protection and economic development are not mutually exclusive, but are equally critical to our 
quality of life and our future. 

There is an additional incentive to protect and. improve air quality in that the U.S. EP A recently 
lowered the 24-hour Ptv12.'5 standard and is considering lowering the8-hourozone standard fro11185 
ppb to perhaps 70 ppb. If the ozone standard is revised and our airqllulity does 1101 improve, it is 
vCrYl,ossible that portions of our tv1etropolitan Statistical Area, including those counties in 
Kentucky. may find themselves in the sal11e non-attaiIin1cnt predicament as Dubois, 'Warrick and 
Vanderburgh .. Future economic development will be stifled and existing f~lCilitics within the nOI1-
attainmentarea will find any filture projects to he more difficult and expensive. 

hlconclusioo, to merely rely on regulations is to ignore the regionaillature ofo;wneand particulate 
fbrmalion and transport and the regional nature of our economy. If we hope to see a beautiful, 
pros peroll s and healthy home for our children alld grandchildren~ we must go beyond the regulations 
and beyond business as usuaL \Ve must expect po\ver plants to lise the most advanced techn()logies 
available to minimize emission of harmful pollutants. Your agency h[Jsa critical role toplay and I 
askthatyou fulfIll your responsibilities in a manner that benefits us all. 

Division's Response: 
The Division acknmvledges the comment. Regional aspef:ts qlozone and fine particulate 
matter transport are currently being addressed through the NOxSIP Call and will continue 
to be addressed through CAIR and C4 VR, The Divhiion does not have authority to extend 
requiremenis·beyond promulgated regitlations ina permitting action. 
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ATTAC,HMENT G 

Re~ponsc to Com men ts 

CQl~ments, on the Draft Title YAir Quality Permit submitted by TheodoreJ. Stransky,M.D to 
Gov:emor Fletcher. 

As youkno\v,we have struggled to keep our air quality in attainmenttor many years. Even though 
Cash Creek is supposed to be arl environmentally friendly power plant, acc.ording to the Evansville 
Courier, we can expect the following discharges every year: 

! 

Tot~l particulate'mflttel~415 tons 
Fine; particulate matter 68 tons 
Sulfur dioxide 391 tons 
Nitrogen ()xide704 tons 
Vohitile organic ch~l11icals 32 tons 
Su Iftlric acidl11ist 67 tons 

I 

According to the enclosed article from the Evansville Courier ofK1ay 23,2007, we are already 
I 

having ozone alerts tmd itis only .May. How will we handle this added pollution? Will an existing, 
less environmentally friendly, powet plant be shut down'? As a physician you, better than most, 
understand the health effectsthis will hHveollthe residents of our area mid I would hope that would 
be y~ur primary concern. l would be very interested in hearing your plan to protect our ci tizenson 
bothisides of the Ohio. 

Division's Response: 
. The DivisiOil acknow!cc(ftes the commenl. See Response to C()mmenls in AttachmcntF, 

number 3. 
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ATTACHMENTH 

Response to Comlncnts 

COlnmentson the Draft Title V Air Quality Pennit submitted by MeleahA. Geertsma. Environmental 
Law and Polley Center, for the Sierra Club and Valley Watch Inc. 

L IF KDAQ PROCEEDS TOPROCEgS THE PROPOSED DRAFT PERMIT, SIGNIFICANT 
REVrSlONS ARE REQUIRE!). 

H. KDAQ'tv'lust Conduct a BACT Analysis for Carbon Dioxide and Set an 
Emissions Limitation for Carbon Dioxide in the Proposed Permit. 

Neither ERORA nor KDAQ addressed the carbon dioxide (C02)or other greenhouse gases 
to be emitted from the plant. Yet. the Cash Creek facility will be a significant emitter of greenhouse 
gas pollutants. Those emissions \vill contribute significantly to global warining and its adverse 
impacts on the health, welfare. economy and environment of the Stttte(slc) of Kentucky, asweH as 

_ the planet as a whole. For these reasons, KDAQ should, and indeed must under the Clean Air Act 
al1d;I< .. yntucky law, conduct a full BACT analysis for C(}~, 

The federal Clean Air Act and Kentucky A ir Quality Regulations prohibit the construction of 
a :Q~wmajor stationarysource of air pollutants at the. Cash Creek site except in accordance with a 
PXyyention ofsignificantdeterioratiOll construction permit issued by KDAQ. Clean Air Act § 165(a), 
42 l);S.C.§ 7475(a); 401 KAR 51;017, KDAQ must conduct a BACT analysis andincl.ude in the 
COllstruction permit BACT emission limitations "for each pollutant subject to regulation under [the 
Clean Air Actj"fbr\vhich emissions exceedspecitied significance levels. Clean Air Act, §§ 165(a), 
169,42 UB.C. §§ 7475(a), 7479; 401 KAR 51:017. [n 401 KAR 51 :017, KDAQ adopted, largely 
verbatim,the Environmental Protection Agency's ("EPA")Preventiul1 of Significant Deterioration 
regulations set forth-at 40 C.F,R. § 52.21. The EPA regulations provide that "[a] new major 
stationary source shall apply best available control technology for each regulated NSR pollutant that 
it would have the potential to emit in significant amounts." 40C.F.R. § 52.21 G)(l)(cmphasis added); 
seealso 401 KAR 51 :017 Section 8. They also define "regulated NSR pollutant" as including "any 
pollutant. .. subject to regulation under the Act" Specifically, the regulation provides: 

Regulated NSR pollutant, for purposes of this section, means the following: 
(i) Any pollutant for which a national ambient air quality staI1dard has been promulgated and 

any constituents or precursors for such pollut:,lnts identified by the Administrator (e.g., volatile 
organic compounds arc precursors for ozone); . 

(ii) Any pollutant that is subject to any standard promulgated under Section HI of the Act; 

(iii) Any Class I or Class II substance subject to a standard promulgated under or established 
by title VI of the Act; or 

(iv) Any pollutant that otherwise is subject to regulation under the Act~ except that any or all 
hazardous air pollutants either listed in section 112 ofthe Act or added to the list pursuant to section 
112(b)(2) of the Act, which have not been delisted pursuant to section 112(b )(3) of the Act, arc not 
regulated NSR pollutants unless the listed hazardous air pollutant is also regulated as a constituent 01' 

precursor of a general pollutant listed under section 108 of the Act. 

40 C.F.R. § 52.21 (b )(50)(emphasis added); see also 401 KAR 51 :001 Section 1 (211). The statutory 
definition ofBACr also makes clear that BACT requirements apply to all air pollutants subject to 
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regu'latkm under the Clean Air Act. The definition states: 

Best available control technology means an emissions limitation (including a visible 
emission standard) based on the maximunl degree of reduction for each pollutant subject to 
regulation under Act which would be enlitted from any proposed major stationary source or 
major modification which the Administrator, on a case-by-case basis, taking into account 
energy, environmental,.andeconomic irnpacts and other costs, determines is achievable for 
such source or moditication through application of production processes or available 
methods, systems, and techniques, including fuel cleaning or treatment or innovative fuel 
combustion techniques for control of such pollutant. 

42 U~S;C, 7479(3); see also 40 C;F.R. § 52.21 (b)(l 2), 401.KAR 51 :001 Section 1 (25). The BACT 
analysis review that KDAQnmst conduct fOTeach pollutant subject to regulation under the Clean 
Airf\ct must include tl case specific review of relevant energy, environmental and economic 
cons~derations that is informed by detailed infotmation submitted by the applicant. Sqe42 U.S,C. § 
7479(3); 40C.F.R; 52.21{b)(12), (n)~Based on its BACT review, KDAQ must set emission 
limit;ltions initspenniL See42 U.S.C. § 7479(3) (aACT means "an emission limitation"); 40 C.F.R. 
52.2:1 (b)(12)(sanle);401 KAR 51 :001 Section 1 (25). 

It is undisputed that the Cash Creek project JS subject to BACT requirements fbI' a number of 
air P911utants for which emissions will exceed specified significance levels. See Cash Creek Pennlt 
Appl:ication at 4.1 (Cash Creek will eJl1it PMIP!vllO, S02, NOx, CO and H2S04 in significant 
amounts for PSD/BACTpurposes); see also Statement of Basis, Title V Draft Permit, No. Y -:07-017 
(Ape 30,2007) at p.14. The proposed new facilitycleatly will result in carbon dioxide emissions in 
excess of any applicable BACT significance threshold; 1 See~ e.g., Massachusetts Institute of 

. Technology (2007), "The FutureofCqal: optionsfoi'acarbon constrained world/' ("M.LT. Study") 
o,t p. ~O;rable 3.5 (GEradiant cooledgasifierel11its C02 at a rate of415,983 kg/hr), Attachment 1.2 

, The proposcdpcrmit is subject to BACT requirements for carbon dioxide because carbon 
dioxi'de is an '''air pollutant" subject to regulation under the Clean Air Act. Section 302(g) of the 
Clean, Air Act defInes "air pollutant" expansively to include "any physical. chemical, biological, 
radioactive ... substflnce or matter which is emitted into or otherwise enters into the anibient air." 
42 U.S.C. § 7602(g)(enlphasis added). In its April 2, 2007 opinion in Massaclmsettsv. EPA, the 
Supr¢meCourt held that carbon dioxide and other greenhouse gases are air pollut.ants as defined in § 
302(g), 42 U.S.C. § 7602(g). 127 S, C1. at 1459-60. The Court based its holding on the 
"unalnbiguous"language of the deHnition. ld. at 1460. The Court further hcldthat because carbon 
dioxi,de is within the Clean Air Act's deflnition of "air pollutant," EPA bas the authority to rqgulate 
carbon dioxide [meier the Act. ld. at 1462. The ~1assachusetts v. EPA decision dispensed 'with any 
uncel~tainty whether carbon dioxide is an "air pollutant" under the CJeanAir Act. 

'. CarbonDioxide is "subject to regulation" under a number of the Clean Air Act's substantive 
provi'sions. These provisions include Section 202~ which requires standards applicable to emissions 
of4',~ny air pollutant" from motor vehicles, and. Section 1]1'\ which requires standards of 
perfonnance for emissions of <'air pollutants" from new stationary sources. 42 U,S.C. §§ 7411, 
7521; While EPA and the States have not yet established limits under those Clean Air Act 
provisions, they ha\ie the clear st.atutoryauthority to do so. Therefore, carbon dioxide is nndeniably 

I 

1 Sccti6n 52,2 I (b)(23)(i). 4() C.F,R., does notsetJbrth a significance level fc)rcarbon dioxide. Therefore, pursuant to 40 c'F,R. § 
52.21(b)(23)(Il), nnycmissions of carbon dioxide are significant 
:I The I\Uncluncntconsists of Chapter 3, "Cotll*based' Electricity Gt;l1emtion." 'fhe tull r.ext report is avuiiabk at 
web.miL edu!coa lIThe _Future_of:'" Con I. pel f. 
3 EPA's then general counsel, JonathanZ. Cannon, opined in 1998 that carbol) dioxide is within the Clean Air Act'S definition of 

-"air po!.JlItant" and that EPA hus the authority to reglliatecarbon dioxide. More recently, however, EPA has advanced a contrary 
interprctlltion that is contrary to thep\ain Innguageof Section .302(g) and the Massadmsetts v. EPA opinion 
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"'subject to regulation" under the Act. The plain meaning of Section 165(a)(4) of the Clean Air Act's 
mandate that BACT applies to "each pollutant subject to regulation under [the Clean Air Act]" 
extends not only to air pollutants for which the Act itself or EPA or the States by regulation have 
imposedrequirements, but also to air pollutants for which EPA and the States possess but have not 
exercised authOlity to impose such requirements. Regulation under Sections 202 and 111 is required 
where air pollution "may reasonably be anticipated to endanger public health or welfare." 42 U.S.C, 
§ 7411(b)(1)(A); 42U.S.C; § 7521(a)(I). The Supreme Court's holdingin IVlassachusettsv.EPA 
dispensed \vith any uncertainty whether EPA and the States have the authority to take action to 
control carbort dioxide emissions under Sections 202 and Ill. 

The Massachusetts v. EPA case specifically involved a challenge to EPA's failure to 
prescribe regulations on carbon dioxide emissions from motor vehicles under Section 202 of the 
Clean AirAcL The Court held that EPA has the authority to issue such regulations, and rejected the 
excuses advanced by EPA for failing to do so. 127 S. Ct. at 1459-63. Following the Court's decision, 
the President~ in uMay 14, 2007 Executive Ordcr~ acknowledged EPA's authority to regulate 
emissions·of greenhouse gases, includingcarbondioxide from motor vehicles,nonroad vehicles and 
nonroadcnginesunderthe Clean Air Act. The Executive Order directs EPA to coordinate withother 
federal agencies in undc11aking slIch regulatory action. 

Moreover, in addition to being subject to regulation under sections III and 202 of the Act, 
carbon dioxide is currently regulated under Section 821 of the Clean Air Act Amendments of 1990. 
That section required EPA to promulgate, within 18 months after enactment of the Amendments, 
regulations to require certain sources, including coal-fired electric generating stations, to monitor 
carbon dioxide emissions and report monitoring data to EPA. 42 U S.C. § 7651 knote.ln 1993 EPA 
promulgated such regulations, which are setforth at 40 C.F,R. Pa1175. The regulations generally 
reqnire monitoring of carbon dioxide emissions through installation, certification, operation and 
maintenance of a continuous emission monitoring system or an aiteI'm-Hive method (40 C.F.R.~§ 
75.l(b), 75.10(0)(3)); preparation and maintenance of a monitoring plan (40 C,F,R. § 75.33); 
maintenance of certain records (40 C.F.R. § 75'57); and reporting of certain information to EPA, 
including electronic quarterly reports of carbon dioxide emissions data (40 C.F.R. §§ 75.60·· .... ·64). 
Section 75.5,40 C.F.R., prohibits operation of an affected source in the absence of compliance with 
the substantive requirements of Part 75, and provides that a violation ofa.ny requirement of Part 75 
is a violation of the Clean Air Act. 5 

EP A and t.he State's regulations cit.ed above echo the mandate of Section 165(a)( 4) of the 
Clean Air Act that BACT applies not only to pollutants for which regulatoryrequitements have been 
imposed, but also to air pollutants for which EPA and the States possess but have not exercised 
authority to impose regulatory requirements.6 The regulations provide that BACT applies not only to 
airpollut.ants for which there are national ambient air quality standards under Section 109 ofthe Act, 
standards· of performance for new sources under Section 111 of the Act, Of standards under or 
established by Title VI of the Act (relating to acid deposition control,), but also to "[a.]ny pollutant 
that is otherwise subject to regulation under the Act." 40 C.F.R. §52.21 (b)(50). Carbon dioxide is an 

<I A challenge to EPA's failure to establish clnission limits for carbon dioxide emissions from power plants under Section III of 
the CleilllAir Act is pending hefore ihe United States Court of Appeals f(H the District of Columhia Circuit. State of New York. 
ei al. v. EPA, No. 06-1322. EPA refused to establish sllch emission limits solely on the gr()\lnd Ihat EPA lacked the authority to 
regulate carbon dioxide under the Clean Air Act. Bilsed on Massachusetts v, EPA, petiti(mers, on May 2. 2007, asked the Court 
of l\:ppeals to vacate EP t\'s determination that il hwks authority to regulate (:arbon dioxide emissions under Section Ill. and to 
remand the maHer to EPA for further proceedings consistent ''lith the Massachusetts v. EPA decision. 
) The Kentucky Air Quality Regulations have adopled the carbon dioxide monitoring requirements of 40 C.F.R. Part 75.401 
KAR 52:060 Secticm ~(d)(Acid Rain Permits); 40 I KAH 51: 160 (NOx requirements for ltngc utility and industrial boilers); 401 
KAR 51 :210 and 220 (CAIR NO:.. t.radingprogram). . 
() Indeed. EPA and KDAQ lack the authoriryto promulgate r('gulations diluting the mandate of ScctionI65(a)(4) of the Clean 
Air Act 
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air pollutant subject to regulation under the Clean Air Act for which KDAQ must comply with 
BA~T requirements. 

I The proposed penni! fot the .Cash Creek project does not contain a BACT emissions 
limi,~ationfor 9arbon dioxide. KDAQ has not conducted a BACT analysis for carbon dioxide. 
KD~~Q has luade no effort to identifY or e:valuate available "production processes 'or available 
methods, systems and techniques tor control of carbon dioxide. H See 40 C.F.R. § 52.21. KDAQ has 
faHqd to do so. KDAQconducted and ERORAin its permit application submitted no BACT analysis 
for carbon. dioxide. 

;.j K1)AQ:s failure to conduct a BACT analysis for carbon dioxide and establish an emission 
linij~ation for carbbndioxide must be rectified before KDAQ may lawfully issue a permit for the 
Cash Creek project. Such analysis must necessarily include all operations planned at the site. It 
appears that ERORA has n()t provided KDAQ relevant information as part or its permit application 
sufttcient to allow KDAQ to conduct the required analysls.lfKDAQ declines to deny the requested 
penl\it at this time~ KDAQ should request ERORA to provide it with all information necessary to 

. conduct a BACT)malysis for carbon dioxide, conduct t.he requi~ed BACT analysis, and issue a 
revi~ed proposed permit containing the required carborJ dioxide BACT emission limitation, 

Di"i~ioJl.'srespous~: 
71teDivisiofl does notconcur. The de/il1 ilion ofBes! AvailableColltrol TechrlOlogyjbund at 
401 KAR 51:001 Section 1(25) is clear thaI BACT is requiredji)r"each reglllatedNSR 
pollutant that Will ,be emitted /i'om a proposed mqjor stationm)lsource ormqior 
modi/ication ... . H l\tl(?jor stationary source GIld IJIqjor modification are also clear~v dejlned 
according to emissions of regulated NSR pollutanis jbr which aN.4AQS has been 
promulgated, pollutants su~ject to a NSPS lmder Section'1ll of/he CAA, Class 1 and 11 
substances subject to .a standard under Section 602 (?f the CAA, and pollutants otherwise 
subj(!ctlo regulation tinder Ihe CAA. 401 KAR Section 51 :001 Section [(2j(~),. 

No NAA QS or NSPS ha.~ been esulblishedfor ('arbon dioxide(CO~), C02 L\' not a Class lor 
II substance nor is it olhenvise regutaled under any provision q,llhe CAA al this time. 
Thel'ej(Jre, no BA CT analY'''''is is required/i)r CO2 in this permit application and appro val. 
Kentucky i.~' required b.v statute to implement a PSD program that is no more stringent than 

, federal requirements. KRS 224.10-100(26}. fYhere there are no federal regulations 
establishing requ;rerneilts jiJr CYh at stationary s()urces, Kentucky is prohibited from 
imposing an..F such requirernents. 

i. The CO2 BACT analysis must consider capture and sequestration. 

I ERORA must evaluate as BACT for Cash Creek add-on technologies to capture and 
sequester the greenhouse gas enlissiollS. The U.S. Department of Energy is the primary federal 
agency working on research and development of C02 capture and sequestration technologies, and 
thus information on c~rbon capture and seque'stratton technologies is available on the US. DOli 
webs,ite.7 

Capture. The International Panel on Clilnate Change ("lPCC") issued a report in 2005 discussing the 
main: options currently available to capture C02froJ11 fossil fuel-fired power plants; including pre
C0111~ustId'tlct)pture used at IGCe fhcHities. 8 Acc'ording to th~ IPee, commercial C02 capture 

1 See http://www~ti.)ssiLenergy .gov Iprograms!scquestrationl capture!. , 
j\ 2005 fPee Special Report on Olrbon dioxide Capture and Storage, Technical Summary, m 25. See.also Chapter 3 oJ this 
reilOrt. :030th the Technical Summary and Chapter J arc inchided as Attachment 2;. entire docllm'~nl.is available at 
http://~rch,fivm,lll!env!intjipcc/pages_mediaISRCCSfinalllPCCSpcciaIReportonCar.bondioxideCaptllre.andStorage.htm ), 
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systems installed on ICieC facilities can reduce C02 emissions by90~o per kilowfltthour.9 C02 
capture systems are available today and have been applied to several small power plants.

lO 
KDAQ 

must require ERORA to evaluate the available CO2 capture systems and to evaluate such C02 
control systems at the proposed lOCe facility in a prOper top-down BACT process focused on 
maximum reduction of C02. ERORA has dearly been evaluating these technologies, as the Cash 
Creek facility will utilize the Selexol process fur stllthr dioxide rem.oval, a process which call1iiso be 
used'to separate carbon dioxide from t1ue gas. See, e.g.,M.LT.study atp. 34. 11 

,Seque.vtration. Nor has ERORA submitted any evaluation of the potential for transporting and 
sequestering carbon, such as through injection to enhance recovery of oi I and gas from sites nearby 
the proposed Owensboro location or the construction of a pipeline for irijection to other appropriate 
sites. 

Division's response: 
See response to Cornmenl 1. l/. above: 

ii, The C02 BACT analysis must set a stringe,nt output-based standard. 
Carbon dioxide emissions are directly related to the amount of coal burned. Because electrio 
generating plants are planned and operated to provide a specific amount of electricity, the more coal 
(or syngas) bumed to produce a megawatt of electricity, the more carbon dioxide emitted. Similarly, 
the less coal burned the lower the emissions ofregulatedpoHutants.lrt the top-down BACT analysis 
for each <fegulated pollutant lEP A must consider output based limits .. III short, ri10re efficiency 
electrical generation must be considered in a BACT determination because it isa "production 
process and available method, system and technique". forcontroi of each pollutant" 42 U.S~c.§ 
7479(3). 

As part of the new NSPS standards U .S.EPAadopted output-based standards as a step towards 
m.inimizingincfficient and untlccessarily polluting boilers. In the analysis for the new NSPS 
standards USEPA identif:1ed that boiler efficiency can vary enormonsly.12 The following table t1tnn 
that saIne memo and identified as Table 2 describes the range of efficiencies: 

\) [d. at 107 (Chapter 3). 
10 Itl 
!! Both ERORA nnd KDAQ completely omitted Sekxol's significance for capture of carbon dioxide from the Cash Creek BACT 
analyses, The BACT analyses instead discuss only the process' ability to rl~movc sulfur dioxide as its main ttmction, as well as 
regeneration of solvent and produdion of waste\.vater steam under the heading "Environmental Evalllation:' Cash C:rcek 
Application al 4,6.8,} 

L? See Memo from Christian Fellner USEP/,\ to Utility, Industrial nnd Commercial NSPS file, Gross fficiency orNe,,\, UnitS 
(Febnlllry 2(05), 
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Table 2: ElA 2003 Annual EfIicienc Values 

I Percent of Unit8 Operating at o~et Effi~~enCY 
r-A.bove Gross Efficiency 

.Top 100/0 35.0%) ._---
Top 20% . 34,00/0 _ •....•.••. - ... _ ... __ ...••..• 
Top 251% 33.6<Y() ---.---------'---:....t-----
Top· 33%) 33;?0/0 _· __ ··_-------,-----+1-.. _--/-..,............,.---
~I2l? 50%) ~.--l11:.Q~o _ .... _. __ _ 

USEPA fUltl1er exp.lained that the highest efficiency subbituminous, biturninolls, and lignite facilities 
are 43,38,37 percent respectively, lnapaper presented by three USEP A combustion experts at the 
200~ Pittsburgh Coal Conference they detailed. the. enormous difference in the efficiency (i.e" the 
C02 emi§sion~PGrtoIl of coal burned) between sub-critical, supef:-critical, ultra-slipercriticaland 
rac:c coal plants. 13 Fol1owing is Table 2 from that paper: 

I 

To .wininlize the el11issions ·of carbon dioxide KDAQ should inserta permit provision requiring the 
project propoI1Yllt to mtlintain anct thenm~1 efficiencyat or above 41 percent,orsel an emission rate 
limit in poun4s per Jvl\Vh that is based on 41%\ efficiency. Such a tenl1 would tllinimize both the 
emissions of regulated pollutants and the collateral ell1issiol1sof carbon dioxide. 

I 

. Divfsion's Response: 
! TijelGCCprocess has one (?fthehighesl thermal e.tficiencies (~laI1Y cl;lrrent coal teclwology. 

TI~e Division is unsure if the above quoted jigures are current, as it l~) our undeJ':s'tt.mding 
thaI General Electric (GE), the turbine supplier, ha,s' made someoplirnizations and 
imp~'()vements in their designs. The DivLs'ion does not believe Ihat a thermal elficiency 
permit term or condition isreqHired nor appropriate pur::iut.mt to the 'pSI) regulations. 

b. The Perm.i~)vlust Ensure that the Facility. "ViII Not Emit Carbon Dioxide at Such 
Quantitiesorputation as to be Hannfhl to the Health and \VeHare of Humans, Animals and 
Plants. 

Carbon di()xidecmissionsqnd ensuing.~Iobal warming effects clearly pose a threat to the 
health and welfare. ofhll.l~1anS, animals, and plants. The 1?ennit thus must ensure that emissions of 
carbon dioxide~ror!l;theprqposedfacility are adequately controlled to avoid such impacts, pursuant 
t0401 I<.AR.63:020.HPotentjallyHazardol~s Matter orToxic Substances." Neither the applicant nor 
KDAQ complied with this requirenlent by considering the impacts of carbon dioxide from the Cash 
Creek project. See App. Section 8; Statement of Basis p. 12 of 5 J., 

As the permit states, the proposed project is. subject to 40 1 KAR 63:020. Pennitat pp. 2 and 
12 of 5), Thercgulation defines "potentially hazardous matter or toxic substances" as "matter which 
may be harmfqI to the health and w~lfare ofhum<uls, animals, and plants, including, but not limited 
to, al1timony, arsenic, bismuth, lead, silica, iin, and compounds of such materials." ld. at Section 2(2) 
(emphasis" added). According to the American Heritage Dictlonary, "matter" is 'T S ]omething that 

lJ See Sikandcr Khan etal,Environmentallmpact Compari,wns lGCC VS, PC' Plants (Sept. 20(5), 
A val lable at: http://cfp\lb,epa.govfsifosp,-scienccLlisplay.cfm?dirEntry ID 139864&ActTypc"'project&kwords=Wasle 
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has mass and exists as a solid, liquid, gas, or plasma. nl4 Carbon dioxide clearly tits this definition. 
Furthermore, there can be no doubt that carbon dioxide emissions and the ensuing acceleration of 
global warming pose serious danger to humans and the environment. The U.S. EPA has concluded 
that !Ira] few degrees of wanning increases the chances of lllore frequent and severe heat waves, 
which can cause more heat-related death and illness,,,15 as well as "more freqllel1t droughts, .. , greater 
rainfall, and possible changes in the strength of stonns." 16 Thesea.re only a few ofthe threats posed 
by global warming. 

The IPCC identifies the following impacts as either "likely" or "very likely" to occur as C02 
concentrations in the atmosphere increase: 

• Higher maximum temperatures over most land areas; 
• Higher maximum temperatures and more hot days over nearly all land areas; 
• Higher minimum temperatures and fewer cold days and frost days over nearly all land 
areas; 
• Reduct;ddiurnal temperature range over most land areas; 
• More hltense precipitation events over many areas; and 
• Increased summer dry conditions and associated risk of drought over most mid latitude 
continents. I? 

The extent of negative global warming impacts will depend on the amount of C02 eluitted into the 
atmosphere. However, the fact of those negative impacts is certain. The National Academies of 
Science, in the report "Climate Change Science" (2001), found that the "risk [to human weltare and 
ecosystems] increases with increases in both the rate and the magnitude of climate change."I!:! 
Simply put, the more C02 humans release into the atmosphere, the more serious the impacts on the 
enviromnent. 

1r12001. the U.S. Global Change Research Progrann.'eieased Climate Change inlpacfs on the 
United States: The Potential Consequences (~l Climate Variabili(v and Change (National 
.4sst?ssnu:mt) prediGtirlg effects afclimate change for each region in the U.S,19 The report was 
'uutho.red by scientists from the U.S. Geological Survey, USDA Fqrest Service, and numerous 
universities across the nation. The National Assessment shows that "thechanges in the. simulated 
heat index for the Southeast [including Kentucky] arc the most dramatic in the nation." National 
A~'sessmenl Overview, p. 48. \Vith the increased heat, air pollution is also likely to worsen.20 

"Withdufstrict attention to regional emissions of air pollutants, the undesirable combination of 
extrenleheat and unhealthy air quality is likely to result." National Assessment Ov(!rview, p. 55. 
In other words, harmful air quality will accompany the heat increases predicted for Kentucky as a 
result of global warming. 

According to the National Assessment, effects on Kentucky ~ as with the rest oftlle Sourheast, 
ar~e~~)eb~~d 'tobesignificant in terms of human health: "of concern ... arethe effects that elevated 
slu{a~~. te~peratures have on human health as a result of prolonged or persistent periods of 
excessive summertime heat events coupled with droughty condition~." National Assessment, p. 

l.~ "matter," (n,ct.). The American lIef'ifage@ Dictionary olthe English Language. FOllrth Edition. Retrieved June 08, 2007,. from 
Dictional)' .com website: hUp::'! dictionary. reference.coml browse/matter 
Dictionary,com website: http://dictionary.rekrence .. colnlbro\..,,seimatter 

IS U,S. EPA, climate chqnge website, last ul'>dated 011 April 6, 20tH, http://www.epa.gov/g!ob;;lh,,'armingjfaq/fundamcnhllslhtmI 
16 U.s. EPA, climate change website, last updated on April 6, 2001, http://www,epa.govfglobaiwnrminglfaq/moredelililihtml 
I? International Pand on Climate Change; Climate Change 20{)7: The Plnwica! Science Sa,'is. SlImmm:vlbr Folky Maken" 
hereinafter IP(X~' 2007 (attached and available at www.ipcc.ch) 
Ix Committee on the Science of Climate Change, National Research Coundl. "Climate Change Scienc.c: An Analysis of Some 
Key Questions," National Academies Press (200 !) 
!'l National Assessment Synthesis Team (2000), available at http://globalchange,gov!pubs/nasC2.000,html 
?(; IPCC. Third Assessment Report. "Climate Change 200 I: Impacts, Adaptation. and Vull1erability," p, 764, available at 
http:/.\\'w\v.grida.no!cl i mate!irce~, tar! 
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146?1 Heat is not the only expected cause of health problems in Kentucky's region. Decreases in 
wat~r qlJ(llity are also expected, and "effects on surface watcrs of changes in precipitatipn have 
imp9rtant health implications in the region. Increased precipitation promotes the transportation of 
bacteria as weUasother pathogens andcontaminants by surface waters throughout the region." leI. at 
p. J 59. Unless releases ()f globa] warming pollution aIC curbed and then signiJicantly decreased, 
global warming pollution will pose significant threats to the health, welfan~,and eco!iomy of 
Kentucky. 

. Thus, ,KDAQ must make an individualized determination as to the proposed projcct'scarbon 
dioxide emIssIon potential and the adequacy of controls and/or procedures for controlling carbon 
dioxidepursllunl t0401 KAR 63:020. Th~agencymust do its partto prevent these dire heaIthand 
envir(mrnental threats by prohibiting, or at a minimum mitigating, the 3-:4,000,000 tons of C02 
polhHion that would result from the proposed project annually~ Said another way; thisproject would 
add ~hecarbon emissions from adding approximately 500,000 cars·per year for each of the next fifty 

'22 years. 
: In light of the serious adverse impacts of carbon dioxide emissions on human health and 

welfare, property, anq the envinmment;KDAQ cannot lawfully refuse to exercise its authority 40 I 
KAR 63 :020 to eliminate or Iimitcarboll dioxide emissions in taking action on the proposed Cash 
Creek projectpennit.lndeed, the SupremeCourtin iV1assachusetts v.EP A, even without lhebenefit 
of the most recent IPCC Reports, noted that the II [t]he harms associated with climate change are 
serio'us and well recognized." 127 S. Ct at 1455. The Supreme Court also acknowledged lithe 
enonnity of the potential consequences associated withman-madechmate change." td.at 1458, The 
Massachusettsv. EPA decisio.ll makes clear that KDAQ may rely on 401 KAR 63:020 to eliminate 
or limit carbon dioxide ernissions from t11e Cash Creek permit. 

, Division's Response: 
The Division does nol concur. Carbon dioxide in and (?l itself' is not considered a 
"polentiall)' hazardous matter or toxics substances .,. under 401 K.<lR 63:020. BACT 
ana/.l'ses are limited to regulatcd NeVI' Source Reviclv pollutants pursuant to 40] KAR 
5/:001, Section! (25). 

C. The BACT Limits arc Not Supported. 

i. Combustion Turbine vcrs us GasifierHeat Input 

As a genera] matter, the pernlit record does not adequately document how the numeric limits were 
deter'll1ined.The permit sets .limits based on heatinputto the combustion turbine. See SOB at'fable 
4-13 ~Permit atpp. 3-4 of 5 L The application proposes limits based on heat inpllt to the gasifier. 
App.SectiQn 4., The SOB does not provide any background information on or calculations showing 
howKDAQ converted the gasifier-heat input limits to combustion turbine heat input llmits. 

DiviSion's response: 
Comment acknol;vledged. R~ler to Cash Creek's Novembe,. 30, 20()6,~lIpplemenlalsubmillal 
attachment 1, Table 4-22, page 4-67 jbr the applicant's heat input specijication,~·. lhe 

, Division ,c/idnol convert g(lsijier heal input limits to combustion turbine heat inpullimit~'~ 
Both spec;!/icationJare inherent to the process equipment~ , 

ii. Cleaner Fuels .. 

21 Charlter 5 .. "Potential Conscqu('l1CCS of Clirnate Variability and Change tCH the Southeastern United States" 
12 Sec EPA Office of Air and Kldiatioll. Factsheet EPA420-F~OO:"013 "AveragcAnnuul Emissions and Fuel 
Consumption for Passenger Cars and Light Tmcks:' Emission Facts. 
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Cleaner Fuels. BACT explicitly requires a comprehensive analysis of controlo'ptions thatresults in 
"an emission limitation based on the maximum degree of reduction of each pollutant subject to 
regulation [und~rthe PSDprogram] ... achievable for [a] facility through . . fueleleaning [and] clean 
file Is . .. " 42 U.S.C. § 7479(3) (emphases added). In other words, "the 1990 Clean Air Act 
"amendments .. ;expressly require consideration of clean fuels in selecting BACT" and the EP A 
considers clean fuels as "an available means of reducing emissions to he considered along with other 
approaches to identifying BACT level controls. "In re: Inter-Power of New York. Inc'.l-1994 EPA 
App. LEXIS 33,40,5 E.A.D.130, 134 (E.A.B.1994)23. Longstanding EPA policy with regard to 
BACT has tlrequired that a permit writer examine the inherent cleanliness of the fuel." Inter-:~power 
at 134. KDAQ's policy likewise is to consider the use of clean fuels in BACT detenninations. See 
Andrews Dep. taken in Sierra Club, et at. v. EPPC, File No. DAQ-27602042, PerrnitNo. V~02-043 
R2, at pp.39, cited in. Petitioners' tvlemorandum In Support of Motion for Sumnlury Judgment On 
Counts 2,4,5, 7,8,10,11, 12, L5, 16,17, 18,24, and 25, submitted Sept 1,2006.24 

. 

The pertuit contains separate NOx lilnits f'Or tiring natural gas versussyng~ls. See below, NOx 
BACT, for comments on natural gas and NOx BACT. 
An available clean fuel that has received no discussion in the agency's lop-down BACT analysis is 
biomass. Co-firing bioma.ss at an IGCC platH can result in lower emissions of NOx, 802, and 
IJM 1{)1\1 25 

.. J 1\,. to. 

There are numerous examples ofeoal plants co-firing biomass that should be considered in the t(}P
down BACT analysis. For exal~ple, the St. Paul beating plant bUlilS approximately sixty percent 
biomass and forty percent coal.26 The biomass is primarily waste wood fi'om tree trimmings in the 
Twin Cities and other industrial activities. The Xcel Bay Point power plant in Ashland, \Visconsin, 
also bums large amounts ofvv'ood waste, consisting primarily of sawdust. Bllll1ing biomass also is 
consistent with Govenlor Fletcher's reCent commitment to expand the use of biofuels·, 

Cleaner Fuels 
The U.S. Department of Energy has urged federal facility managers to consider co-firing up to 20 percent 
biomass in existing coal-fired boilers. n In the Netherlands, the four electricity generation companies (EPON, 
EPZ, EZH and UNA) have all developed plans to modifY' their conventional coal tired installations to 

> , "8 
accommodate \\'oody blomass as a co-fuel. -. The types of available biomass include wood wastes, 

. 1 1 ' I d" . . 29 agncll tum waste, SWltC 19rass an prame grasses. 

Division's response: 
The Division does not concur. The ]GCC process will use coal to produce' synthesis gas 
(.)Tnga.\) as the primaryfllel (natural gas 1:<:1 a secondary./ileV. The facility is spec(fically 
designedfor synthesis gas as the primmJlfuel alone and not incoiflbinalfon \·vith natural 
gas. The lower heating value (~l biomass has to date precluded its use as a jf?edYlockfor 
gasification. At this time even the use (?l'lignite andsubbituminous coals, which have higher 

2:\ "The phrase 'clean fuels' was added to the definition of BACT in the 1990 Clean Air Act amendments. EP;\ described the 
arnendluent to add 'clean hlels' to the definition of BACT at the time the Act passed. 'tiS "'** codifying its present practice, 
which holds that clean fuels nrc an available means of rt:ducing emissioi1S to be considered along with other 
~4 "!file! cleaning and/or clean flleiS .we] just part of the BACT analysis." 
:'5 See, e.g., Tampa Electric Company, "Biomass Test Burn Report Polk P6wcr Station Unit I," (Apr. 2002) at p. 10 (showing 
lower NOx and SOJ emissions tbr biomass lest burn periods versus baseline), available at 
http://www.treepnwer.org/cofiring!rnain.html. As KY measures PM/P]vt 1o to include condensable PM, then a 
reduction in NOX and SOl would be (} reduction in Plv1fPM"J also. 
l¢; http://www.districtencrgy.com! 
;7 http;!iwwwl.cere.energy.g:ov!hiomassipdfs/33811.pdf 
!~ http;/.:.www.\;·cci.nctiarchivc!biobase!BI0252.htm! 
C<.J hHp:i!www.nsCgovi ncw::;/n('ws.summjsp'.'cnln .. id'-'=!Oo206 
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healing values than biomass, have presentecisevere technical problems. 

iii. PM BACT 

The permit sctsa limit: for filterableffMIPM w ofO.0085J b/Mfv1Btu and a limit for total particulate/PMw of 
OJ)217Ib/&f.MBtu. Permit at p. 4 of 51. 

AverragiligTime .. i\S an initial matter, these limits lack an averaging time. The application proposes a 3 hour 
averaging time. App. at p.4-36. This averaging time should be included in thcpenniL 

J)iv~si()il'S response: 
Comment acknolvlec~'?,e(l, the averaging timejiJrthe PA1sIandards are nmv included in the 
permit; 

lJasi:'>/or To.tal PIH/P,\,fioLimit. The proposed filterable PM limit is nearly .identical to the filterilble PM limit 
in th~ finaJPSl)permlt tor lheEK1>C Spurlock 4 CFH llnit. However, the proposed total PM limit here is 
higher thanthetotalt)~tlimit for the Spurlock 4 facility (O.0121blM}.rlBtu). Th~ applicant does not provide a 
total:PM limit thatincludesc()ndensable particulate matter, but instead discllsses condensable matter fJ:onl 
loeb technology and proposed a method tbrestabJishing a towl PM 10 limit based on actual openitingdata. 
App.1 at4.37.KDAQ included a numeric total particlllatc/PM w penn it limit of 0.0217 LblMMBtu30

, but H1Hcd 
to pl:ovide tl1& basis fbI' this limit in the Statement of Basis. KDAQ must explain how it determined the 
P,H/Plvl/ij TiJtal limit. 

Divi,sion's response: 
: The Division acknowledge.s the comment. The bds'h; jar the proposed BACT limit is 

discussed in the supplemental application dated November 30, 2006, Sectioll 4.6.2.5. The 
Statctuent ofBa.,,'is has been expanded to discuss (he selection in greater detail. 

Cmn/-lination/Pos/wCoinbustion Controls. ThePM HAC'I' analysis tllils to consider post combustiori controls 
in combination with pre-combustion IGeC wet syngas scrubbing. Contrary to the applicant's ,~ssertion, .BACT 
cloes'not automatically aHowtl.1C rejection of all technologies other than the single control associated with 
"highest removals" selected by the applicant See, e.g., App. at 4-34 and 4-38. Rather, combinatiorls. of 
controls must be considered. Considering only a single control option is both in conHict with the definition of 
BAOT and with common practice; Thedelinition of BACT llses the plural foi·ci.)nttol options that must be 
~Hlalyzed towards achievillg the tlmaximum degree of reduction ... achievable"(BACT is based on "application 
ofprbduction processes or available methods. systems, and techIliques,") Nowhere does the detTnition of 
BACT allow the selection of a single control option to the exchision of all others. Rather, available control 
optio.ns are only rejected in a top·down analysis process. TheEAB has held numerous times that BACT must 
rcf]ett an assessment of aJl available options to achieve the maxinnUIl degree of reduction of each pollutant 
subjc,ct toreglllation,and should not be limited to a comparative assessment of add-on controls.3

! In addition, 
perm'its in practice set BACT limits based on use of severalcontro1 options. In tllct, the applicant itself 
proP9sed; and KDAQacccpted, a NOx BACT limit based on use of combustion control (diluent injection) 
and post-combustion control (SCR). Set:' App. at pp. 4-57 to 4-59; SOB at p. 26; Permit at p. J of 51. 

The~pplicant .mentiol1s several postwcombustion PMconlrol technologies, but provides neither technical nor 
econ6tnic reasonsjustifying why post-combustion PM control in combination with pre-combustion race wet 
syng,~sscrubbing dbes not c()nstitute BACT. KDAQ Imist deny the pennit and request that t.he applicant 
proviae sllchjustificationin ,i proper top-down BACT analysis or propose [lew P~1Iimit~ renecting the use of 

30 Sce,c.g;, SOB at p.19 (discussing PlH/PA:I;o (tHterable) limit \)tll006JlblMMBtu) and 26 (P/V{/Pl.lfO l\)tai limit of 0:0217 
Ib/l\lMBtu). , ' . 
}l See In re Knauf Fiber (,lass, Gnlbh, 8 LA.D. J 2 L 129 lEAH 1999) (Knaul1)(citing NSR Manllal at 8.10; S. D); In re ()ld 
Dominion Elec. Coop., 3 IL'\.D. 779 (EA81992); IIl{er~POWt'r of New Y(wk, 5 E.A.D. at 135-136; In re CenainTeed Curp .. t 
LA.D: 743 (EA.B 1(82) at 2-5. 
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post-combustion controls in addition to pre~combustion wet syngas scrubbing. 

Division's response: 
The Division does !wi concur. The particulate BACT limitibr Cash Creek is based on the 
pre-combustion scrubbing q[the synthesis gas. This is eln inherenl, necessary part of the 
process because the synthesisfue! must be cleaned bejbre it is combu:~ted in the turbine; The 
BACT definition specijicalzY' aIlm1-'s for the application of production processes. 111 is 
operational process at 99fJ·6 remOl .. 'al efficiency is also the mo.\'tejjecttveform qfparticulate 
remtyval for an lGCC unit and therefore is the "top technology" itl a top-dovvll BA CT 
ana(}''\'is, In accordance lvith accepted BA CT determination procedures, if the top removal 
technology is selected, no further analysis is required. 

PAh,5 BACT. The Draft Permit does not include a BACT limit for PM25 emissions. Nor does it 
appear that KDAQ even considered such a limit This is unlawful and must be corrected bef:l.1rea 
PSDpennitcan issue. The federal PSD program requires aBACT timit "for each pollutant subject to 
regulation under the .,\ct that it ,vould have the potential to emit in significant amounts."40C.F.R. § 
52.210)(2). Pl\1Z.5 is "a pollutant subject to regulation under the Act" because EPA established a 
NAAQS for PL\12.5 in 1997.62 Fed. Reg. 38711; 40 C.F.R. § Stl7. tvloreovef, PM2.5 will be emitted 
from this facility in a "significant" amount because it will be emitted at Hany emission rate. It 40 
C.F.R. § 52.2 I (h)(23)(ii). For these reasons a BACT limit for Prvh.5 is required. 42 lJSC,§ 
7475(a)( 4); 40 C.F,R. § 52.21(j). Nevertheless~ the Draft Permit does not contain a BACT limit for 
Prvhs emissions. This is a deficiency that must be corrected before a final PSD permit can issue. 

We arc aware that EPA issued guidance providing that sources would be allowed to lIse 
implementation ofa PI'v11O program as a sut"rogate ftlr meeting PNh.s NSR requirements. John Seitz, 
!!Interim Implementation for the New Source Review Requirement.s forPl\1;u," (October 23, 1997). 
The purpose of that guidance was to provide time for the development of necessary tools to calculate 
the emissions of Pi\12.5 and related precursors,' adequate modeling techniques to project ambient 
impacts,and PNh.5 monitorin'g sites. 70 Fed. Reg. 65984, 66043 (Nov. 1~2005).1t does not propose. 
however, to substitute PMlo BACT as a PM}.:' BACT. Furthermore, ISl.lA has resolved rnost of the 
modeling and ambierlt air impact analysis issues underlying the memo. JdNlore importantly, the 
guidtince memo clearly contravenes the law. In order to protect public health and the environment, 
the regulations must be implemented as vvritten, 

Division's response: 
See ~esponse in Attachment C, number 4c. 

PlvlCE}v1S, The permit is required to have Compliance Assurance Monitoring for PM!(), as the facility will 
emit over 100 tpy pf the pollutImt. See 40 CFR Part 64. The dratl permit. however, makes no mention of 
CAlvI for PM 10. Thisomis~ion must be remedied. 

In 2004, EP A promulgated final performance specifications, PS-I I, f(}r installation, operation, maintenance, 
and quality assurance of continuous particulate matter emission monitoring systems (PM-CEMS). Since the 
PSDprogram is supposed-tobe technology forcing, requiring a PM-CEMS to ensure compliance with the PM 
permit limits would be consistent with that goaL Moreover, utilities can emit Jarge amounts ofparticlliate 
matter when pollution sources andlor control devices are not functioning properly and PM-CEMS can help 
identify such compliance issues. 32 KDAQreccntly required the use of a PM CEl\lS in the PSD permit tor the 
EKPC Spurlock 4 CFB project. There is extensiv'e experience of PM CEMS on coal plants as a tesult of 
numerous NSR settlements around the country. vVe urge KDAQ to l'cquirc the use of a PM CEMS and that a 

3: Sec lJSEPA Region 7 Sunflower PSD Comments 
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PMCEMS is required for determining compliance with the pcrmit's PM filterable limit. ' 

Division's: response: 
Fo'r CAll([tOtfPfJ~v to a unit; three conditions rnust be J11fJl. Thefirst is that pre controlled 
emis')'!P'l~ are greater than a hundred tons per year, secondly that there is an emission 
standdrd, and las#y that there is an active control device used for complhmce;Por emissions 
QfPM/PMlOthe/irsltwo conditi()n.~ are met, but the last Que is 'not: 171ere L\' no active 
corurq/device, as defined by 40 CFR~art 64,/01' Pl~1/PA1IO. There.f()re CAi\-l is not required. 

With regardlo the PAI CE1\1S, unlike Spurlock 4; the potential fbr e~:rcessive eluissions of 
particulate matter during ma?limctionsdoes not exist. Therefore the Division does not 
conCur Ihata P,\1 CEA1S is appropriate. 

BulKi H audling; SlUrage, Processing andLoadoul Operations; The top-down BACT analysis must start with 
the limits that agencies have required in other pcnnits, including the limit of no greater tluill 0,005 grains/dry 
standard cubicfootartcl nO visible emissions, based. on the permit .the Illinois Environmental Protection 
Agency issued f()nhe proposed Indeck .. Elwood facility. See IndeckPermit atp. 27, Attachment 3. In contrast 
to these acceptable BACTlimits,KDAQ failed to include an emission limitation for LJ nit 7 (coni pile); Permit 
at 1'.;25 of51. Instead; the applicant and agency rely solely on use of certain controls and cite an approximate 
exp&cted removal efficiency. BACT is an emission limitation. Controls likebaghouses and methods such as 
"cOlllpaction'l and Hwater suppression control methods" therefore do notconstitute BACT, but are descriptions 
of how a source might reach a BACT limit. The permit should include numeric limits on material handling 
emis~ions like those inlndeck~Elwood. III addition, the pelmit relies on vague language regarding "reasonable 
preCi'lutiong!i tlS operating limitations for Unit7. Tepnssuch as "reasonable precautions" areunenforccable.33 

SecPermitatp. 25 of 51, The emission limitation of20 percent opacity for Unit 6is aiso insufficient in light 
of th'c zero visibl.e emTssiollS limit in the Indeck-ElwooqPermit. Fimllly, we were not abJcto review the 
emissions modeling for these sources within the lit'nited public comment period. If the modeling did not usc 
the T11axirnum theoretical emission rate for each so,uce, the agency mnst reject the modeling demonstration 
and l:(~quire the applicant to resubmit pt'oper modeling. Sec NSR Manual afCA546. 

Division's .. esponse: 
, Divisiol1 dOeSYlo/ concur. A BACTcmalysis is site specific and does not depend on emission 

lel'e/s achieved al ano/herfacilily. rVhile emission limits CIt otlier Plcilities are a contextual 
cOl1siderationwhich add\'perspective in the consideration (~lappropri(Jle BACT limits a/ a 
neH/ /acili(v. they are not the,startingpoinl/rom which a BACT (Jl1o(}Jsis must begin. A 
BACT limit L, not necessarily a numerical emission limit. Regulation 401 .K4R 51 :001 
Section I (25) specifically allolvs for BACT limits .vhich are j· ••••• sati,~fied by design. 
equipment; work practice, or operational standard.., .. '· in the case (?lthe referenced coal 
pile, the D'ivision has determined that " ... ,Jechnological or economic limitations on the 
applicatirm qf measurement methodologV to a particlilar emissions unit 'rvould make the 
imposition of an emission stand(lrd infeasihle ..... " as is providedjbr in the re/?ulation. 
"Reasonable precautions ' .. ' 1st! regulatory term used in regulation 401 KAR 63:010 Section 
3. ThL,' regula/ion has been approved to the Kentucky SiP. Jl1e opaci(y limitfor Unit 6 is 
based oil 40CFR 60Subpart Y lvhich establishes the appropriate opacity limit/or this (vpe 
(~lequipment. 

Cooling To\.vtJrs~ The Draft Permit establishes a.limit that requires the cooling tower tot'utilize O.OOOY%Drift 
Eliminators." Draft Permit, at 54~ This provision is not BACT, and it is ,not an enforceable emission limit 
First,; a driftefHciency con tro.1 , rate, by itself, docs not correspond toa prvl~mission rate, PM is fonned by 
diss()lved solicisin the circulating \vatcr. The elrin is emitted frorn the cooling towers, the water is evaporated, 
leavi~lg the s()lidslhat become particulate matter. The percent of the 'circulating water that is emitted (drift 

33 See lj.S, EPA Region 9, "Titk V Permit Review Guideline: Practic,al En fixceahility," (Sept 1999). 
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rate), by itself, is not a measure. of particulate emissions. 

Second, an emission rate, calculated fi"om the drift fraction, total dissolved solids C1TDS!1) and circulating 
water tlow rate, should be established as the permit limit for the cooling tower, based on a topdown BACT 
analysis. The draft permit sets a driH rate and requires that TDS be measured, butit falls short due to the lack 
of an emission rate or maximum TDS level in the circulating water flow. \Vhile a TDS limit of'll ,000 parts 
per million isa start, it is only sufficient as BACT if the ppm concentration is the lo\vcst 
concentration achievable through application of processes and available methods, systems mid techniques for 
reducing emissions, 42 V.S.c, 7479(3), e.g., purification and t1ltering of the circulating water. PM. emissions 
from the co()1ing tower can be further reduced by reducing or eliminating the dissolved solids in the 
circulating water. Absent a showing that further reduction of solids in the circulating is not technically or 
economically feasible, the 0.0005(~t() drift efficiency rate and21,000ppm TDSlimit clo not constitute BACT. 
IfKDAQ relies on cooling tower drift eliminators and a limit on suspended solids in the circu lating water to 
establish BACT~ the Permit must also include a circulating water flow rate based on the lowest concentration 
achievable 

Third, with regard to testing) the permit must require periodic retesting ofdritt rates ona more. frequent basis 
than upon pemlit rene\val, as drift eliminator perfonnance degrades over time. 

Fourth, a cooling tower with drift eliminators is not the least polluting technologY, and does not constitute 
BACT. Use of an air cooled condenser (n ACC"), an alternative method; system or techl1ique of cooling within 
thedefinitiol1 ()fBACT, is available and has lower PTvl emissiolls than a coolingtO\venvitli drift elimihators. 
ACCshave been used on large coal-fired power plants for over 25 years.: The 330 MW \Vyodak coat .. fired 
power,plant in Wyoming has successfully openited with an ACe for over 25 years. The largest ACC
equipped coal fired pmver plant in the world, the 4,000 tv1\V Matimba iacility in South A frica, has been 
operating successfully for over 10 years. Two coal-tired units in Australia with condense!" heat rejection rates 
nearlyidentical to that proposed for Weston Unit 4 have been operational since 2002. A number of new coal
tired power plants. have been proposed in New Mexico over the last three years. In all cases the project 
proponents have voluntari.ly incorporated ACC into the plant design to minimize plant water use. A36 ~'l\V 
pulverized coal unit in Iowa, 'Cedar Falls Utilities Streeter Station Unit 7, was retrofit with dry cooling in 
1995 due to highv.my safety conc(~rns caused by the wet towerplume in winter. The use of dry cooling is well 
established. The application of an AAC would eliminate nearly all of tht~ PM emissions fi'om the cooling 
process. Therefore, unless AAC can be rejected in a top-down BACT analysis, based on site~specific 
y911ateral impacts, it must be used to establish BACT. AAC cannot be eliminated based on cost, especially 
be.causeit must be compared to the total cost of a cooling loweL indudirig the towers, raw \vater clarification 
Syst~IT1, and intake structures. Moreover, use of AAC has additional environmental bGnefits, including no 
water withdrawals for cooling, no brine discharge to rivet, no aesthetic issues related to visible vapt.>f plumes, 
no cooling tower elrin emissions or particulate deposition. 

Other potential options to reduce PAI/P1HlOemlssions from the cooling process include a plume abated tower 
IUtel a wet/dl)' system. Like ACe, these alternative processes result in lower emissions and, therefore, must be 
considered in a top-down BACT Hnalysis. Thcapplicant's analysis fails to identify, much lcssconsider these 
options for reducing PTv1/PM 10 emissions. A revised BACT analysis must be conducted for the cooling 
process. 

Fifth, the draft permit includes the term "reasonable precautions" as both an operating and an ernission 
limitation. This term is vague and unent~)l·ceablc. In its stead, the permit should include explicit language 
describing the measures to be taken with respect to the c()oling tower to prevent particulate matter fi'orn 
becoming airborne. 

Division's response: 
The Division concu/':fI 'with this cOlnment in parI. A calculated pounds per hour enll~\'sion rate 
has been added 10 the permit as a SA CT limit. This lirni! i.\' based on the maximurn cooling 
tower ('ireulating rate; the maximum tOla! t./issolved solids, and the O~ 0005:)'-r; tlr(jI 
eliminator,). The drUt elimination percentage is the best that's r.fvailable. The maxinllll1l 
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cooling lvater circulating rate is djimction (?fthefacili~y design. The on~y one of the/actors 
inthe BACT limitthat could be changed is the maximum TDS concentration. In response to 
this comment the applicant provided to the Division on September 28, 20G? (inc/udedC/s 
Attachment K to this document) an ana~ysis (~rthe cost cind technological feasibility of· 
reducing the maXinlUn} TDS below 2300 ppm. Thei7nalysis shm,vedlhatfurther reduction 
for the 11JS is economica/~v Ut?!easible as BACT. Also, see commimt and reSponse number 
15 in Attachment A j()radditiofwl background 

The Division does notagree with the need to test the drift eliminalors periodical{v through 
the /ije of the permit. Proper maintenance and operation of the cooling tower drift 
eliminators is requiredjhr compliance Hlitl! Section B, Emission Unit 8 Cooling Tower 3, 
TestingRequirement, and Section E C?fthepermit. Since proper operation and maintenance 
of the c:ooling tOlver is required/br proper heat tran~ler, there i.s' an inherent incentive for 
thec()lnpar~y to comply Hlith these require/He!1ts. Since the drUi eliminators .are fixed 
mechanisms lvitlt no moving parts that require routine rnaintenanc:e. the Division has 
conc!udedthti( they \,vill {'ontinue to/imetion as demonstrated during the initial compliance 
testfor·thelife (~llhepermit .. thedr!jleliminatOJ:'5 wil/be retesledprior 10 renewal. 

The Division ddes not agree that a dfJI cooling 100ver lVOIdd be the "top "candidate for a 
BACTreview. The wet cooling lower is the ernission unit chosen~}' theapplic~mt. The drtfi 
eliminators, selected as BACT by the Division; are the lOp contro/technology available/br 
cooling Im,vers offhis type; ACe is Jlotacol1frol device/or lvel cooling lowers, It is an 
altetnate . to ivel cooling towers, JrVetldry sJ'stems and plume abated tOl-vers are also 
alternbtive emission units, not coil/rol devices.lhr the selected lvel cooling to'l1'er. At the 
perrl1itted emissionlin}i! t?f2.16Ihs/hr emitted/rom the cooling t01,;ver, the Iota/particulate 
emission is less than 9.4Ion.\'<~'r. 

The term "reasonable precautions " I,)' the language qfthe regulation found (If 401 KAl? 
63:010. ConsL\'tent }vith 40} KAR 5} :017 the permit contains conditions );vhich require the 
unit to be maintained and operatedproper(v. 

iv. NOx BACT 

The permit sets limits for NOxof (a) 0.03311 bll'vfMBru during any rollillg three~houraverage when tii'ing 
syngas,and (b) 0.0246 Ibl1vUvlBtu during any rolling three-hour average period Whetl .firing natural g(iS. 

Fuel~based limits, \Vhile the permit sets two different limits for syngas and natund gas, the applicant 
proposed a single NOx limit of 0.0246IblMl'vlHru forboth fuels, The SOB does npt explain the agency's 
decision to set two different limits when the applicant proposed a single limit for both fuels. While the 
applicant included a footnote to its proposed NOx limit, the application available for public review did not 
con.t~in any text for this footnote. See App. p. 4-59 (footnote.35 empty). Absent any jl1stification for treating 
the t\VO' fllelsdifTerently, BACT for NOx should be the single numeric limit for both fuels proposed by the 
appliCant. 

Furthermore, as noted above, a top,.down BACT analysis must consider the use of cleaner fuels. including 
natuipl gas and biomass. Since the t11.cility is specifically designed to be able to flre natunil gas, burning gas 
would not "redciine the source," The limit for firing natural gasis lowcrthan that for syngas. In addi.tion, as 

. noteq above; co-firing biomass at an rGCe facili ty is technically feasibJe and results in lower NOx emissions 
than firing syngasalone: Thus. NOx BACT must be based on consideration offiring natural gas and biomass. 
The t'acilityalso is designed to burn nuhlral gas in COlllbination with syngas.By burning a mix of natural gas 
with syngas. or 1001% natilrllI gas, tbe source could lower both the pound-pcr-tvlMBtii emission rate and the 
hourly emission rate for each of the regulated pollutants, including NO". Thus the BACT analysis must 
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consider mixing natural' gas with syngasand burning 100% natural gas. If the cost effectiveness of 
combusting natural gas, or a combination of gas and syogas, is within the range generally accepted as cost .. 
effective for similar sources (Le., under $1 0,000 per ton of pollutant removed), the BACT limit 11)r NOx must 
be established based 00 a BACT analysis that factors in natural gas. Notably, buming 1 OO~i;.1 natural gas could 
allow the source to avoid purchasing some of the most expensive equipment, including the gasifier. 

L0l1ier NOx limit. Furthennore, while we commend ERORA Hw analyzing and selectingSelectiveCatalytic 
Reduction (,'SeRt!) in its NOx BACT analysis, the proposed technology can achieve lower than the proposed 
permit limits ofO.0331lbltvlMBtu and O.02461b/tvlMBtu. The applicant states thatthe Hmost stringent [NOx] 
emission limit" for existing and proposed IGCC sources is O.0591bIMMBtu tromthe SOllthern Illinois Clean 
Energy Center facility, App. at 430. The cited facility will not employ SCR, a post-combustion control, to 
limit NOx emissions. SICEC therefore represents the Huncontrolled" emissions baseline for purposes of 
assessingSCR for an lGee facility. The applicant acknowledges that SCR alone carl achieve 90% Hadd-on" 
control efficiency for NOx. Apl" at 4-57. Given an uncontrolled baseline 01'0.059 Ib!MMBtu NOx andan 
add-on control efficiency of90% for SCR, the NOx BACT limit tor Cash Creek should be O.0059Jb/MMBttL 

Division's response: 
The original application had the single limit however, that submission \-t'as erroneous, A 
later supplemental submission provided to the DivL)'ion thejustlficationfor two separate 
emission rates depending on filel ~vpe, That supplemental submission vvas available for 
public revieH) during the public comment period. Also, see response to Att{khment C (4)a. 

The Division does not concur lvitll the comment thaI suggests that BACT must consider the 
use o.(nalural gas and bioma.\'s. The unit lWlS designed to burn on(v.\)'ngas \1,'ithnatural gas 
as a secondaf~Y jlJel. S'ee also the response to Attachment C comment 4.d. Further. the 
facull}' is not designe{/ 10 burn natura/gas in combination lvith synthesis gas, 

The DivL"ion does not concur that the Southern Illinois Cleall Energy Center should be 
considered Ihe ultimate baseline ill determining uncontrolled NO_t emission rate. This 
facility's application 'vas withdrawn withollt a permit ever being issued Sinf,'e illvas neither 
permitted nor built, it is imJ)()"'sible to determine \vhelher any limit propose(!lor thatfacili~y 
hi' applicable, or could be achieved in pn.lctice. 

1/. Sulfllr dioxide (S02) and sulfuric acid mist ("SAM") BACT 

The applicant assel1s that a single analysis is required to determine BACT for 802, SAM and ccmdensable 
PM. App. at p. 4-42. 

BACT requires a separate ana(vsis lor each regulated pollutant. First, the applicant is incOITcct as a legal 
matter. BACT is an "emission limitation" that is detennined on a "case-by-case basis!' for "cachpolJutant 
subjectto regulation under Act." 40 e.ER. 52.21(b)(12). Thus, while there m:ay beoverlap in the "control 
devices fl discussed in the BACT analysis for each pollutant (see App. at 4-42), separate BACT analyses must 
be conducted to ClITivc at proper emission lirnitations. Separate analysis is necessary to take into acco(mt the 
chemical and physical dift.crences among the pollutants. Absent separate analyses for each pollutant, the 
BACT limits are not supported. As the Applicant's BACT analysis for S02 and SAM directly discllsses only 
"RACT Selection for S02," ApI'. at pp. 4-45 to 4-56, the BACT anaJysis for SAM is insutlicient. 

A single BACT ana£vsis' fiw S02 and SA.M is technical(v ur?ius·tified. Second, as a technical matter, the 
applicant's combined S02-SAM BACT analysis fails to explain why a combined analysis isjustifted in light 
oftlle limits proposed tbr the Elm Road facility. The application sites Elm Road as havingthe most stringent 
existing or proposed limit tbr SAM, at 0.00005 IblT'vlMBtu (note that we believe this limit should be 0.0005 
[bnv1M~Btu). App. at 4-30. "1'he accompanying S02 limit proposed for Elm Road was 0.03 Ib/MMBtli. The 
H2S04 and S02 BA("1' limits proposed by the applicant for Cash Creek are O'()026 IblMMBtu and 0,0117 
IbfM,l'vlBtu, respectively'. (liven that the Elm Road project has a lo\\'el' SAM but a higher S02 limit than the 
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limits proposed for Cash CI'eek; it is not clear that a single BACT analysis is teehl1icaUy appropriate for the 
two pollutants; 

For comments on the condensable PM, see above; 

Division ~s response: 
Regulatiol? 401 KAR 51:001 Section / (25) d(~fines BACT as " ... , .. an emission limitation, 
includingavisib(e emLs'sim'i standort/' based on the maximum degree of reduction o./,each 
regulatedNSR pollutant thaI will be emittedfrom aproposed nu~jor stational}} source or 
mtljor modification that: (,~) is determined by the Cabinet on a case-by-case basis after 
taking inti.> account energy, environmental, and economic imp(Jcts and othercosls, to be 
achievabl€ by the source or mod{ficQtion through application afproduction processes or 
aVQilablf;?rnethod~, sJ~~tems, and. techniques, including filel cleaning or treatment or 
innovative/ue! combustion techniques for control of/hat pollutant ......... n 

Su(filr isthe basicconimon "building block"for S(h, SAAl, and the bulk l?fcondensable 
particulate. In ~he case l~l'an IGCC facility such as Cash Creek. sldfur musl be removed 
from thes:yngas prior to combustion to protect the combustion tu,.bine. Since BACTcan be 
achievedby applic{Jtion of production proces;s'es,pre-c()mbustion removal o../,the su!furjIY>tn 
the ,\yngas qualilies as a single control technologyfor all three (SO;, SAAl, and ('ondensable 
particulate) pollutants. By reducing thepre~combllslion su(l'ur content, ..\'0], SAAl, alld 
condensable particulate are redyced proportionately. Then:iore it is appropriate to 
considqr pre-,£:'Qmbusti<m SUljlfl' removal asaBA CT technologvjbr till three pollutants. The 
Cash Creek application dated IJecember 4, 2006, gives a detailed technology and cost 
ana~ysjs supporting their selection (?I'the Selexol chemicalprocessfbr the removal (~lsu?f;,1r 
prior io combustion (See pages 4-46 through 4-57J As Cash Creek notes in their 
application on page 4~44. "Since the highest removals available are associated ,vith pre
combustion controls, the post-(:ombuslion technologies are not cOl1sideredjllrther in this 
BA CT analvs;s. '.' ThL,' isa valid reason to eliminate post combustii)f1 controls because a 
--,:u(fllr rem;Jval ejJlcienc)} (~l99,4(H) is expected with the Selexolprocess, ,Since no pO~(jt .. 
combusiion control device can achieve that level qfremoval ej]lcienc:y, the Selexolpl'ocess is 
the corredchoice l/,) BA CTjor all three pollutanl.~, 

1, S02 BACT 

CleaiI juel')~ The S02 limit GOnSlsts of a limit on the exhaust gas based on syngas fuel not to exceed 0,8 
perc¢nt sulfur by weight. There doesnotappe?f to be any clean fuel consideration applied to this standard, 
For 9xample~ ,as described above in the PM BACT discussion, there does not appear to have been any 
consi,deration of the US~ of natural gas and/or biomass either in whole orin part asa clean fuel control method 
to minimize the emissions. of criteria pollutants, including sulfur dioxide~ The S02 top-down BACT 
deterininatioll t'Or the combustion turbines must include consideration of natural gas and gasified biomass. 

Divi~ion's response: 
I Thefoc;ulty is not design to burn biornass but syngas and natural gas lIsed as a secondm:v 

file/. Seeresponse 10 Attachment C(4)dandAttachment 11, NOx BACT. 

2. SAM BACT 

The.DraftPermitcontains a SAM limit of 0.0026 Ib/M.MBtu, Permit at p;4 of 5!; As an initial matter, the· 
limit lacks an uveragingJime, The appJication proposes a three-hour reSiling average. Application at 4-56.111 
addition, this purported BAC1' limit appears high. As noted above, the application lists the Elm Road facility 
as hfl'\lingthe most stringent existing or proposed limit for SAM,at 0;00005 IblMl\{Blu (O.00051b/MMBtu). 

Cash (~reek 
V-0.7-017 

page 53 of 179 



The application provides no justitication why this limit cannot be achieved at Cash Creek. Inadditioll,. in 
2002, the AES Puerto Rico permit for a coal-fired CFB plant had a SAM emission limit ofO,00241bfMMBtu, 
which is lower than the proposed .limit for Cash Creek. This facility will include a Wet Electrostatic 
Preciptator ("WESP") to controJ particulate matter; SOB at 16, similar to the Trimble facility recently 
proposed by Louisville Gas & Electric However, the SOB only lists the \VESP under control technology for 
PM/PMIO. ld. We urge KDAQ to consider a lower SAM limit based on the use of a Wl.'SP in a top-down 
BACT determination for Cash Creek. As put forth above, BACT requires consicleration of combinattons of 
controls, including pre~ and post-cOl'nbustion controls. The usc of WESPs are now common on new coal 
plants blirninghigh-sulfmcoal (see e.g., the Trimble facility and the Prairie State facility in Illinois) and we 
are not aware orany obvious technical reasons why a \VESP could not be used on an IGCC phll1t as well. 

lljvision's response: 
A three hour rolling a'veragefor SAAl has been addedlo the permit~ H''ith regard to the 
emission limit. the Elm R()adf{lcili~Y' L,' a CFB, not a gasifier, and is l1()t an appropriate 
llike facility' for consideration of appropriate emissiorls from Cash Creek. The 
commen/or is correct that the use of 1f'E. .. S'Ps are now common on new coal plants burning 
high-sulfur coal. HOlvever, while a ~VESP is approprtatefor control of SA Mfrom a hi.gh 
su(fitr coal PC or SPCjacility, it is not appropriatefor a gasijier lvhere the bulk of/he 
sulj//!" is .removed prior to combustion. Cash Creek is designed as a combined c:ycle 
steam turbine. similar to a standard combined cycle steam turbine thaI burns natural 
gas. Both Cash Creek and natural gas burning combined {Tete steam turbines have very 
hnv su(filrfl1el. The Divisionis lIn(HVare of an}' combined cycle steam turbine that is 
operating, permit/ed or designed Hlith a 1f1ESP. Given the/ow sul}llr content of the fllel 
and the limited amount ofS~4Al elnitted. the Division (foes not believe that a reasonable 
engineering wUlb/:\'is would compare the ~)~4kl emissions/rom aPCunitwith a combined 
{)'cle gas turbine (CCG7J. 

vi. Visible Emissions 

The permit contains an opacity limit of 20~;-(), except that a maximum of ("venty-seven percent for not more 
than I six-lninute per hour. Condition B.2(d). 

This emissions limit is bas(;.~d on the NSPS standard, and not on BACT level controL ld. (citing 
40 ~FR 60.42Du (b). The Draft Permit is therefore deficient. 'l'he permit must contain a visible emission 
limi~for re~ulated pollutants (i.e., PM and H2S04)34 that is based on the· maximum degreeofred~lction 
achiev~hle with the bestpollution control option for the proposed facility. A PSD permit must require BACT 
fOf.allregulated pollutants. BACT is defined as an Hemissions limitation. including a visible emission 
stancia[d. .. "42 U.S.C. § 7479(3) (emphasis added)~ 40 C.F.R. § 52,21(b)(12),Although a BACT limit fbr PM 
or SAM typically includes an emission rate limit (Le., pounds per hour or pounds per million Btu heat input). 
a BACT limit must nevertheless also "includ( c 1 a visible emission standard." Id. . 

Other recent coal plant permits include visible emission as part of the BACT limits for those facilities. For 
example, the Springerville facility in Arizona has a BACT limit of 15(}~ opacity', anq the Mid-America facility 
in Council Bluffs has an opacity limit of 5 percent. 3535 'The Wisconsin Departme~t of Natural Resources set 
a lOIlA) opacity limit as BACT for the Fort Howard (Fort James) Paper Company's 500 M\V CFB boiler~ The 
Minnesota Pollution Control Board also considered the issue and determined that a 5%) opacity limit should 

~\<\ A visible emission standard is a limit Oil "light scattering particles," which include both fine particulate matter ("PT-v1") and 
sulfuric acid mist ("SAM") aerosols. Both P!v1 and SAM are regulated un(k~r PSD und. therefore, a complete PSIYperniit must 
C(H1tain a BACT limit which includes a visible ernissionlimit based \)1\ BACT for PM and SAM; 

35 See Iowa DNR Permit No. 03-A-425-P, ~ lOa, available online at 
http://aq4:>1..dnraq.statc.ia.lls:8080!psd!780 I 026iPSD ]N_02-25~\!'03-A-425-P-Final.pdr.last visited October n. 2005 
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be qstablishedbased on BACT The maximum achievable visible emission reduction for a combustion 
turbine, however, is much lower than 20% opacity. For example, the JEA Northside eFB inJacksonville; 
Fiodda, conducted a compliance test during the summer of 2002, while burning high~sulfur coal, and 
mea~ured opacity ofless than 2%,36 Testing done by Black & Veatch for the Department of Energy showed 
visibleelJ1issioll$at the JEA f~lCiIit:y of 1,1 %) and 1.0% opacity.J7 Also, the City of Springfield agreed to a 
low~r opacity Unlit. 

I . . 

The: final permit must contain BACT limits that include a visible emission standard for the combustion 
turb~nes~ The ,B~CT.Iimits for PM andS~I'v[must include a visible emission limit of no more than 2% 
opacitybase~()ntheTesl~lts of testing at the lEA Northside facility~38 In other words,. if opacity at a (,FB 
plant can be limited to less than 2 percent opacity, the project applicant must explain why it cannot meet such 
a 'iO?it when firing syngas. a fuel with lower particulate matter emissiol1s than solid coal. 

Division'S response: 
The Division does not concur: Opacity is not a regulaled NSR pollUlant under state or 
Federal requirements. 

Th~. actual reglflalory citation/eN' BACT under Kentac.ky regulations comes/i'om 40IKAR 
5I~()OI.Section 1 (25) 

(25)iiB.esl al:ailabie control technolo,gy" Dr f'BACT" means an emiSSIOns limitalion, 
including a visible emissioflstandarci;. bqsed on the maximum degreeofreduclion/()r each 
regulated NSR pollutanl that lvill be etnittedfroma proposed major stationary s'OUrce or 
1}u(ior moddicatiofi thaI: ... 

210) "Regulated NSR pollutanf' means thefollowing: 

(aj A polluttlnljbrH,,"licha national ambient airquali~y standard has beenpromulgaledand 
any constituenlsorprecursorsj'or suchpolllltOJ1ts identified by the lIS. EPA.~ 

(b) A pollutant that is subjec//o any standard prornulgaledunder 41 US. ('. 7411; 

(L) A pol/utant thaI is subject 10 it standard promulgaled under or established by 42 Us. C. 
767110 767Iq; or 

(d) A pollutant that otherl-vL~e is subject/o regulation under 42 US,c. 7401107671 q, except 
that an,V hazardous air pollutant (flAP) listed in 42 U.S C. 7412 or added to the !i.st pun;uant 
to 42 U.SC 7412(b)(2), which has nqt beendelL"tedpursuantlo 42U.S.C. 74 12(b)(3); isnol 
a regulated NSR pollutant unless the lis led HAP is also regulated as a COllstiluent or 
precur .. 90r o/a general pollutanllisted under 42 U.S. C. 7408. 

From 401 KAR 51dJOl 

Section I (7) l'Airpollulant" means air conlaminanl. 

KRS 224.01-010 DeJinilionsfhr chapter. 
As used in this chapler unles5' the context clearly indjcl~tes otherwise: 

)() william Goodrich. et aL, Summary of Air Emissions from Ih~ First YearOpemtion ofJEA's NorthskIeGenel·~lting Slation, 
Presented at fCAt' Forum '03, p. 16 

3i See Shick & Veatch, Fuel Capabiliiy Demonstration Test Rt~port 1 for the JEA Large-Scale CFf3 Combustion D~monstraiioh 
. Projec~, DOE Issue Rev. I p, 12 (Sept 3,2(04) 

3a See <:30odrich, slipra. p. 16 

Cash Creek page 55 of 179 
V-07-017 



(1) "Air contaminant" includes smoke, dust.. soot. grime, carbon, or any other particulate 
malter, radioactive 'natter, noxious acids, fumes. gases, odor, vapor, or an.v cornbination 
thereo}:' 

There is neither afedera! requirement nor a state requirement to have an opqci(v limit other 
than that contained in the applicable regulations. Attempting to assign a BACT limit for 
opaciZv l·vould require the stale PSD program 10 be more stringent than the federal 
requirernents. Opaci(y rnay be an indicator (?/particulate matter,jiunes, gases or vapor, but 
it is not ali independent pollutant tt) be regulated under the PSD program. Opacity is the 
proper~vjhr the absorption (~rlight, an appropriate indicatorlor a variezy (~lairpollllti()n 
concerns, but not a regulated lv'SR pollutanl. 

vii. Startup, Shutdown, and Malfunction BACT 

1. Sulfur Recovery Unit 

The draft permit completely exempts the sulfur recovery unit from its limit of 100 ppm by volume (dry basis) 
at Olyo oxygen on a three hour basis during periods of startup and shutdown. Permit at p. 17 of 51. There are 
no obvious reasons\vhy the permit could not require the use of natural gas during periods of startup and 
shutdo\vn of the sulfur recovery unit and thereby avoid the firing of high-sulfur syngas during these periods. 
Accordingly, the use of natural gas must be considered in setting a top;.down S02 BACT limits f~')l: the sulfur 
recovery (mit during periods of start up and shutdown. The existinglirhit does not constitute BACT. 

Division's response: 
The Division is unclear on the commenter 's intent. The su!lur recovery unit doe,s not burn 
fuel (eithersynrhesis gas or natural gas), nor does the combustion turbine burn 'high-suljill' 
s:vngas ' during periodsyvhere the slI(/ifF recovery unit is being started IIp or shut rltnvn. 
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2. COl11bustion Turbines 

The~ draft permit does not appear to have any meaningful start up or shutdown limits for the combustion 
turbInes forany pollutants, Tht~ permit as written exempts periods of start up and shutdown from any input
based limits for PNI (both filterable and total), NOx and mercury39, and SOZ40. The only other applicable 
limits to these pollutants appear to be the annual limits. 

AriulJaI limits are not sufficient to meet the requirement that a PSD netmit include BACT startup and 
shutdownlil~lits}'orcach regulated pollutant and protect air quality stIJndards. See Inre Indeck-Ehvood, ILe. 
psn Appe~IJ\l?,OJ:04 (~~B September 27,2006).41 In setting lawful startup andshutdown BACT limits 
KDAQ must consid~r the ~se of cleaner fuels, i.e. other than syngas,such as natural gas and/orgasit1ed 
biomass. IfKDAQ issues a ne\Vpermit with numeric startup and shutdown BACT limits for each regulated 
pollutant - as we believe it must ... the public must get an opportunit>"to comment on such new limits prior to 
their being finalized. 

The permit also reters to a startup-shutdown plan submitted to the agency. Permit at p. 4 of'51.lt iSTlOt clear 
whether this p.lanwtls madeavailabk to the public as part of the permit record. Ascommenters have nm 
revidwed the plan, itis assumed that the plan cont'ljnsso-called "narrative" limits to allegedly serve as BACT. 
Narrptivelimits are allowed to serve as BACT only where the agency determirlcs on the record that 
'1tecl)nological or economic limitations on the application of meaSurement methodology to a pat1icular 
em1818io118 unit would make the imposition of an emissions standard infcasible.t! 401 KAR 51:00 I Sec. 
1(25)(0); 40 CFR. § 5 L 166(b)(l2); 1n re lndeck-Elwood, LLC, PSD Appeal No. 03-04 (EAB 
September 27, 2006)("lndeck-Elw()od"). If sueha standard is set as BACT, the standard must 
establish "the emissions reduction achievable by implementation of thedesigl1. equipment, work 
practice or operation." Id.Narrative lirnits, in contrast, are not permitted where the limitations cit~d 
by the agency are principally design f;md operational constraints, such as the inability ofalr pol1ution 
control technology to operate at low temperatures duringstilrtup and shutdown. lndeck-Elwood at 
p. 70, Thus, KDAQ must make an on the re<.~ord determination that these standards are met in order 
for tilc startup shutdown plan to propcrly serve as BACT, as well as set the accompanying emissions 
reduction achicveable for each pollutant under the narrative limits. Absent such justification, KDAQ 
must set numeric BACT limits for all regulated NSR pollutants. In addition, asacritical part of the 
pern1it's narrativeJimits for startup and shutdown, the plan should be attachqd to the permit and 
incot'porated by reference as an enforceable component of the permit itself. 

[n addition, Section E contains a catchall "good practices" provision that applies during <-111 

operations, including periods of startup andshutdOWI1. Permit at p, 37 of 51. The condition states that 
'!Det~rminationofwhetheracceptableoperating and maintenance procedures are being used will be based on 
infor~nationavai1able to the Division which may include; but is not limited to, 111onitoring results,opacity 
observations, review of operating and maintenance procedures, and'inspection of the sollrce." As the 
determination will be based on "information available to the Divisiollllthat is not aV~lilable to thepllblic. the 
condjtion is unenforceable by the pubJic and thus is in violation of Title Vrequi.rements. 

Divi~ion 's response: 
777e Commenler is in error. The permit conditions only reference, 40 CFR 60 Subpar/Do 
11/hich e.:rempts the source from compliance lvith this NSPS standard .. ,' during defined period";, 
there is no corre5lponding language in this permit that the source beexemptedfrom BA CT 
requirements, The permittee may follow the pt'ovisions in 401 KAR 50:055 ~l they are 

39 S~dion B Units 01 and'02. Condition 2(h) 

40 Section B Units 01 and 02. Condition4(b) " periods of startup and shutdown excluded from 3-hour rolling average· 
cxcccdnnces; Section B Unit 05, Condition 2(c). 
4! Deciding whether exemption from s!1orr·fedn BACT timits[lnd inclusion (If vague, to-be-determined narrative limit!:) comply 
\\lith BACT. The starting point ti.)r the EAB's decision was the statutory ,lind regulatory definition of BACT. Under thcdetinition, 
BACT rcquiremenis cannot be ',\V()ivcd or othcrvvise ignored during periods of startup and shutdowns, n Indeck-Ebwod at p. 66. 
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seeking reliefduring period') afstartup, shutdowns and malfunctions: otherlvise, the.}' must 
co/uply with the BACT limits. 

The Start-up, Shutdo'ti'n. and A1aljimction (SSlVf) plan was submitted in the supplemenlal 
'application dated December 4, 2006. This supplemental application was available for 
public revie.v during the public comment period. 7'1w SSA;f does not contain 'narrative 
limits '; BACT limits (lYe infbrce during these period'}, 

The infbrmation to which Section E refers will be available to the Division on!:);' (ifter the 
facility is built and is in operation. At that time, all iI-!j()rmation that the lJivisionconsiders 
in making any determination regarding acceptable operating and maintenance procedures 
will also be available to the public through the Kentucky Open Record~ Act~ 

3, Terms Should Be Clearly Detined 

The teml "startup" should be defined as "the period beginning with ignition and lasting until the equipment 
has reached a continuous operating level and operating permit limits:~2 The term "shutdown" should be 
defined as "the period beginning with the lowering of equipment from base load and lasting uoti IUlel is no 
longer added to the combustion turbine and combustion has ceased,43 

Division's response: 
Startup and shutdown are regulator,v terms. These terms cannot be redefined in a permit. 

II. THE PERMIT CONTAINS PROVISIONS THAT ARE NOT ENFORCEABLE 

a. Continuous compliance. 

Conditions throu¥hout the pemlit t~til instate that continuous monitoring sY'stems will only be used as 
"the indicator of continuous compliance" and that exceedances of limits as measured by the systems will only 
trigger an investigation. See. e.g., Condition R,l(b), These conditions render the CAM provisions inadequate 
to enSllrc continuolls C(H111Jliance with permit limits. The EP A has objeCted to Title V permits in Region 4 for 
tllilure to include explicit statements that the indicators are not sctas enforceable limits . .For example,in the 
Tampa Electric Company'sFJ. Gannon Station case, the []>A objected to the Title V permit, stating: 

\SVhile the permit does include parametric monitoring of emission unit aild contml equipment 
operation in the O&M plans fbr these units.,. the parametric monitoring scheme that been specified is 
not adequate. The parameters to be monitored and the frequency of monitoring have been specified in 
the pennit, but the pararneters have not been sel as en./()rccable limits, In order to make the 
parametric monitoring conditions cl?/orceable, a correlation need" to be de\.icloped betwCf/fi the 
control equipmentparameter(s) 10 be monitored and the pollutani .emission levels 44 

~2 401 KAR 52:001 contains a more general definition ofstart~llp, "~ctting in operation of an affected facility," 401 KAR 52:001 
(2J 1) 'This definition is ul1enforceably vague and should be supplemented by additionalpcrmit language, 
,n Likewise, Kentucky regulations (k~tine shutdo\\dl as "rhe cessation of an operation," which also should be supplemented by 
enforceable permit language. , 
H U.S, EPA Region 4 Objection. Prop(lsed Pan 70 Operating Permit. Tampa Llcdric Company, F.J. Gannon Station, Permit No. 
0570040-002-/\ V 
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The Pennit must explicitly statethatan exceedal1ce oEan indicator is a violation of the underlying applicable 
requirement; otherwise, the indicator does not assure that the underlying requirement is enforceable, 

Division's. n~sponse: 
. , The commenter has misstated U. S. EPA '51 currentpolicy regordfng the use a/parametric 

monitoiing l~v citing a dCited and inappropriate permit Ol?iectiim. Enforceable emission 
limits are set in the permit; and exceedflflce of a CAAf level is not a permitviolalion, but 
J;(jlhera CNggerfor corrective actions untler the (~4[\;f rule. Thispermit is being issued in 
acc6rdtmceh'itli Kentilcky re&Tttlations (ind tal-vs and is consis/enllvith carrenl US EPA 
gilida,ice'£l:ud P()/iql. 

h. Vague and arhblguous language. 

As d'iscussed above with respect to specific permit conditions, the Permit contains numerous words and 
phrasest9atare'l[~~ueand thus. uneniorceable, These words and phrases include "reasonable precautions," 
"clean,,;ua~appfrcablel!, "su~table", "other measures", "prompt", and lias necessary. It. The U.S. EPA has made 
c1eartr~\ttb~~etermsrender conditionspractil::~bly nnenforceable ... U,S. EPA Region 9, "Title V Permit 
Revi~\v;Guigelinss: Practical Enf~?rceability," Sept. 9 1999, at HI-55 and 61 (lilt is also important that permit 
conditil?11Sbc~qlambiguous and do not contain h-ltl~uage which may intentionally or unintentionally prevent 
enfon;em~Ptll;Jisting language indicating enforceability problems and instructing use of specific language), 
The J?crmitmust be amended to incIudenumeric limits or specific actions \vith which the source must comply 
for conditi,orlSCOI)taining vague and alnbiguous language, These conditions include, but are not limiied to, 
Unit '07 (coalh~lndling), Condition lea); Unit08 (cooling tower), Condition j(a)~ and Unit 10 (foadways), 
Con~ition I(a), 

Divi~ion 's response: 
, The words' and phrases that the commemer calls "vague" and "uneJ?!brceable" have been 

reviewed and upheld as adequate in per~njts mid legal clm lie nges and are, infbcI, in some 
cases It.mguage of the regulations., The permit L'} required to be "e}·!.jhf'ceable a,\' a ptactical 
IHatter" It'hich is dejined in 40J KAR 52:001 Section J (31). The petmit conlains alllhe 
requirements necessory to meet thistle/inition. 'l11epiaces in the permit }vliere such terms as 
"reasonable precautions', f! "·clean", "as applicable", ;'suilable", "othermeasures", 'J)/,ompt", 
and "0. ... ' necessar"v/l are not intended to be emission limits. but ralher are indicators (?f 
actions thatlhepermittee should lake.to ensure that the .limils are'met, Theyare usedto 
prOliidel17e Divisiofll'Vith some discretion in determining whether or not adequate steps have 
been taken by the permittee to t:n.~u,.e compliance. 

III. THE APPLICANT FAILED TO DEMONSTRATE TlIA T THE FACILITY WILL NOT CA1JSE OR 
CONTRIBUTE TO AYIOLATION OF .AIR QUALITY STANDARDS 

a.. Emissionsinventories 

I 

The applicant requested a listing of all sources located withinlOO kilometers of Cash Creek to detemlinethe 
emissions inventory for air quality modeling. App. p. 6 .. 16. It is not clear from this discussion whether 
permitted but not yet operatingfacilities were included in the inventory. Further, .ERORA also should have 
included the projected emissioJJs of s·ources which have been issued PSD permits but which are not yet 
operating.45 For example, ERORA should have included the maximum allowable emission rates ofLG&E's 
Trimble County unit currently under construction, ~lncJ the maximum allowable shOJt term u\'erage emission 
rates,[nust be cvaluated.in determining compliance withsh011·tenn average standards or increments.KDAQ 
should confirm whether such facitities\verc included and if they were not, deny the permit and require the 
applicant to resuhmitthe air quality analysis with the expanded irivcIltory, 

45 see pageC'.34 of the New Source Review Workshop Manual. 
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In addition, there are clearly sources that wi 1 1 likely have a significant concentration gradient in the vicinity 
of Cash Creek that should be included inClass II increment and NAAQS modeling. These include but arenot 
limited to the nation's largest coal plant, Duke's Gibson station (3350 MW), the TVA Paradise station in 
Muhlenberg County (2650 M\V), the Big Rivers Coleman plant, the SOllthwire aluminum plant located in 
Hancock County, the Waupaca Foundry in Perry County, IN, and the AK Steel plantinRockport. 

Also, there are several ethanol plants and at least one hiodiescl plant in the region that should have been 
included in the inventory but were not There arc atJeast two ethanol plants planned for Henderson County 
and a biodies\d plant proposed for Daviess County. In Indiana, there arc three (at least one has secured a 
permit) in Posey County, one in Spencer County and one in Pike County that: should be included in the 
analysis, ERORA also should have included emissions from oil and gas wells in the vicinit"yofthe project 
The mobile source and fugitive emissions associated with the roads for oil and gas deVelopment mllst also be 
included in the inventory of sources for a cumulative analysis. 

'Thus, KDAQ cannot adequately assess whether the Cash Creek source will cause or conti-ibute to.a viola,lion 
oftheNAAQS or Class II increments based on the anulysisprovided in the Cash Creek permit application. 
KDAQ mllst require ERORA to conduct a complete NAAQS and Class IT increm(mt by modeling the Patriot 
mine together as one source and by requiring the emissions inventory for the cumulative Nl\AQS and Class 11 
increment analyses to be expanded to include all of the above sources and any other sources of air pollution, 
in~.lll~ingminor and area sources, within the vicinity of the Cash Creek source. Also, it is not clear that aU 
reclpireciso.tlfCes were included in the increment consumption modeling. Sources that consume increment are: 
(l}theapplicant source~ (2) all increases since the minor source baseline date (the date of the first complete 
PSD application), and (3)al1 significant increases at major sources,. after the major source baseline date 
(1975)-- I.e .• major modifications subject to PSDINSR-- even those that should have but did not get 11 pemliL 
Typically, applicants only look at the tirst two. KDAQ should contlrm that: the source did not omit any 
unpermitted modifications at any nearby sources since 1975 ti-orn the increment: analysis, If any modified, 
unpennitted sources were omitted, KDAQ should return the application to ERORA for proper increment 
modeling. 

I>ivisiou's response: 
Cash Creek 5Ntbmitted an air quality irnpact assessmenljbllolving the requirements 0/40 
CPR Part 51 Appendix H~ Guidance on Air Quality IVlodel:·;. This ana(vsis was revielved and 
approved by KDAQ, National Park Service, and U. S. EPA Region 4. As a part of that 
analysis the Significant Impact Area (SIA) was determined and all sourcesnl/thin the SIA 
plus 50 km }vere either inc'luded or eliminated in accordanc'e lvith procedures ~spec!lied in 
Appendix lY A II sources listed by the commenter were beyond the SIA plus 50 km area. 
171ere/iJre it is not required by regulation that those sources be included in the air quality 
impact ana(vsis. Regarding the non-,)'peci/ic sources referenced by the commenter as 
"ethanol and at least one biodiesel plant", alljiJCililies lvith applications that rvere deemed 
complete hy Kentucky or Indiana prior 10 su/nnission of the Cash Creek application were 
considered in accordance lVilh the procedures required in Appendix ~v. 

b. Meteorological data 
The PSD Application assesses compliance with the NAAQS and PSD increments f()r CO and PMIO ilsing 
five years of meteorological data from airports in Evansville (slll'facedata). The airport data is not of 
acceptable quality for air dispersion modeling. The Cash Creek PSD Applic:atioil, which relies on these data 
for air modeling. is therefore flawed and likely underestimates modeled concentrations due to the \vay calms 
arc treated, as discussed below. 

Airport data are not collected with the thought. of air dispersion mt'ldeling in mind. For example, 
airport conditions are typically reported once per hour, based on a single observation (usually) taken in the 
last ten minutes of each hour. ThcUSEP A recommends that sampling rates of 60 to 360 pel' hour. at a 
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ITiini!mum,be used to calculate hourly-averaged meteorological data.46 Air dispersion u10deling requires 
hourIy",averaged data, which represents the entire hour being modeled, and not only a snapshot taken in one 
moment during the hour. 

. IOtlddition, datacoHscted atthe Evansville airport is not subject: tq the system accuracies required n.)f 
met.~orological data collected for airdispersioll modeling. U.S. EP A recommends that meteorological 
monitoring. for . dispersion modeling use equipment that me sensitive enough to measure a11 conditions 
necessary for verifying compliance with the NAAQS and PSD increments. For eXample,low wind speeds 
(dO\vn to to meter per second) are usually associated with peak air quality impacts - this is because modeled 
impacts areinvel~s'e~}' proportionalJo wind speed. Following USEPA guidance, wind speed measuring devices 
(ane~11ometers) should have a starting thresholdofO.5 meterper second or less:17 Additionally, the WInd speed 
mea~urernents should be accurate to within plus or minus 0.2 meter per second, with a measurcmClit 
resoi:ution of O.l meter per second.48

, 

Theaitport data used by ERORA, rather than being measured in 0.1 meter per second increments, is 
based on wind speed observations that are reported in whole knots. TIius, any \vinds .Iower thall Qne or two 
kIlot~ are reimrtedas calrils, and are thus excluded from the modeling analyses. [,n no uncerUtin terms, the 
cQnditions mostcru~i!l.Lfbr verifying compliance with the N AAQS and .PSDincrements (low wind speeds ) are 
being excluded from the Cash Creek analysis because of the choice to use the airport data. 

Sen~itive and accurat'~ meaSllrements of wind speeds are necessary for measuring winds down to 0.5 
meter per ·second{about one knot), which can then be lIsed as 1.0 meter per second in the air dispersi()n 
modeling analyses: There·would be no need to label such l()\\l wind speed hours as calm, which \vill greatJy 
increase the number of hours included in the modeling analyses. Again, it is these low wind speed hours 
whic!l mll$t be included in the modeling data set to verity compliance with the NAAQSor PSD increments. 

'KDAQshould have required ERORA to collect pre-construction meteorological data f6r llsein the 
Cash~ Creek air quality modeling, Cash Creek, which is a major emissioll source of many air polllltants~ should 
not bt assessed fOl':PSDincrement compliance using meteorological data collected with none of the quality 
assurances necessary for air modeling data.19 

Division's response: 

Nationell JVt:.alher Service (NWS) data has long been cO!1.'j'idered adequate jhr PSD air 
quali(V unalY,')'e)'; the Division rnode the determination that the onsite meteorological dala 
HYIS not necessary ha,,,'edon US. EPA's e:rtensive use ojNfVSdata and approl'(llojits use 
over the past several decades. 

Furthehnore, it is unlikel;y thaI/he predicted impacts It'Olddbe sign{licant~F d(fJercl1flhigher 
even if the source had been required to erect a meteorologic:al data collection tal-Fer and 
collect one year's lvorth fJ.l such data . . The modeling is based on l-tJors{ ClLye impacts 
predicted by ll£RMOD lisingjive different years (~fN1VS dalli. In other l-vordr;, the year (?f 
the mel data thaI generates the highest impact is 1-vha! is used toevaluateNAA QS 

. compliance and Increment consumption. 

IV. THE IGCCFACILITYAND COAL MINE SHOULD BE PERMITTED AS ASINGLE FACILITY 

The SOB states that "the primary coal supply is expected be provided by the Patdot Coal Company, \vhich 
opet3;tes an exlsting.underground and surface mining and processing operation adjacent to the Cash Creck 
location. The coal will be delivered by a conveyor from the mine to an onsite receiving transfer-house. t! SOB 
at p.L:KDAQ issued the Patriot coal processing lllcility a cOI)struction and operating permit, PermitS-06-333, 

46 US~PA, Meteorologicl}) Monitoring Guidance for Regllhltory Modeling Application::;, EPA-454!R-99-05, FebrtHlry 2000, p, 4- . 

,ld.,'p, 5-2: 
'Isid.,p. 5~L 
'1'1 USEI' A, Ambient Monitoring Guide! ines for PrevcllIlon of Si gni t1cant Dcterionitiol1. (PS 0), EP A-4 SO!4-S 7 -07. May 1987, p. 
55: 
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on December 6,2006. Due to the interdependence of the t\vo facilities and the increased production at Patriot 
necessitated by Cash Creek5()~ the facilities must be evaluated as one entire source for the purposl,-s ofthe PSI) 
permit foreash Creek. This means that in evaluating whether the Cash Creek source's impacts will be over 
the regulatory ambient signiticance levels, both facilities must be modeled together. Further, in determining 
the Cash Creek source's impact area tlu· each pollutant and the impacts on visibility and other air quality 
h:lated values of Class I areas, the two facilities must be modeled simultaneously to predict the overall 
itnpactsfrom the Cash Creek·source. 

Anyilttcmpt to model only impacts from the Cash Creek nominal 770 MW facility must be considered 
circumvention of thePSD permitting regulations and must not be allmved byKDAQ. 

Division's response: 
The federal (40 CFR 52.21) and Kentucky (401 KAR 51:0(1) PSD regulations define 
"stationary source" as "anybuiltiing, structure,felcitity, or installation" Which emits or mC{v 
emit a regulotedNS'RpollUlant. Additionally. the rulesfurther define ·'building. structure, 
facili~)J, or installation" as "all of the pollutant-emitting activities that belong 10 the same 
industrialgn)uping, are located on one or more contiguous or adjacent properties, and are 
under the control o/the same pel:f)On (or per:wlls wider common control). " Therefore under 
the PSD program, three criteria must be considered to determine whether "p'ollutant
ernilling activities" are part of the .-;tune stationary source: 

J. yt'>}Iether the activities are 10cLIted on contiguous or (U?jacent properties; 
2. ~vhether the activities are under common control; and, 
3. lvhether the activities belong to the same industrial grouping. 

11lc Po/riot mine and the Cash Creel..- Generating Station do not belong to the same 
industrial grouping, 1101' i,I)' the Division ayvare (~l any common control between the ,two 
companies. Therejbre theJ' should not be modeled as one sOllrcejbr PSD. 

V. PUBLIC PARTICIPATION 

On Wednesday, June 6, 2007, both Me!eah Geertsma and John Blair sent requests ll) John Lyons for an 
extension of the \vritten comment period, In her request, Ms. Geertsma noted the challenges to finding a 
technical expert on IGee within the standard time period. based on the relative newness of the technology. 
Both requests were denied outright, with the caveat that written comments could be submitted through a 
repre~entative at the public hearing to be held ten days after the close ofthe written comment period due to a 
sciwduling problem within KDAQ. Ms. Geertsma again requested an extension on June 19, quoting from 
Hearing Officer Dickinson's report in the Trimble case, issued earlier that week, noting systemic problems 
with the Division's treatment of public participation requirements. This repott echoed the critiques stated by 
Hearing Officer Janet Raider in her April report on the Spurlock pennit. Mr. Lyons again rejected the request. 
In neither ofMr. Lyons' response did he provide any justifkation for denying the requests beyond the extra 
days afforded by the DivisionIs scheduling problems. [n fact, Mr. Lyons implied that he did not have the 
authority to extend the comment period under Kentncky regulations ("401 KAR 52: ~ 00, $ectil)ns 2(2)( a) & 
2(2)(b), are very prescriptive in that the comment period "shall" begin on the date the notice is published and 
"shall" end thirty (30) days aftcr thepubliclltion date.") 

------------_._ ..• _--
:Ii) According to nn IEP A press fe/eHse for the analogous ERORA Taylorvillt:.> facility, the plant will consum~ approximately I.R 
million tons of Illinois co~tl per year. Patriot's three Western Kentucky mines together produced only 4 million tom of coal in 2004. 
See Peabody Energy Press Release, Nov. 9,2005, "Ptltriot Coal (\Hllpany Eams Reclamation Honors From the Kentucky Dcpm1mcnt 
of Natural Resources & Kentucky Coal Association," available at http;//phx.corponlte- iLneUphocnix.zhtml?c"" 1 29849&p=iro I· 
ncwsArtirkt",![)""n097 4&highlight"·, ' Thus, the Cash Creck hlcility will require the Pntriot tnine 10 potentially more than double its 
production 'eve I. which witl til turn signifkanily impact air emissions. 
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The blank rejcctic)n of these justifIed requests is unacceptable and evidences the DIvision's 
inexplicable and on-going resistance to the public's i l1put on its permits. The public commc;ltperiod exists so 
that the puqliccallexpress its conc~mswith a permit to the agency, outside of the adversarial, expensive 
process of anadmipi~trative hearing, It is the opportunity for an exchange, with the end goal of meeting the 
air quality laws and regulations to the greatest extent possible, Blanket refusals to extend the comment period, 
particularly in light ofthe numerous and repeated shortcomings in the process itself noted by Hearing Officers 
Dickinson and Raider which produce delay and confusion for the public, prevent the. public from h~vinga 
meaningful opportunity to comment as the lawrcquircs. Nor does Kentucky lawprescribe a maximum JO-day 
cOl11rnerltperiod as suggested byMr. Lyons. The above quote conveniently leavesoutthc language in 401 
KAR 52:100, Section 2(1)(a) clearly stating that the Cabinet shall afford a "minimum of thirty (30) days for 
publiC comment." 

, Commcnters note that, due to thesh0l1 tiIne period forreviewing this voluminous and compJex pel111it 
recotd; we havefocusedouf COlmnents on the BACT limits and not included complete comments on sevel'al 
area~ which we believe to be deficient. These areas include the enforceabiLity ofnurnerous pemlitconditions, 
as well as the appliqant's air quality modeling demonstration and soils and vegetation assessment It should 
also be noted that the volume of these comments is in large part due to the extensive work ofotheradvoeates 
to ge'nerate the general arguments on carbo)) dioxide in other cases. The allotted time was wholly insufficient 
to dq the permitw spedJ1c review necessary to meaningfully comment on the materials available for public 
revie,w. Nor was the by-chance additional time to submit written commcntsat the hearingsuJlicient \Veme 
awate of others who needed additional time to submit written comments and who had to scramble to find 
persons to hand deliver the comments and represent these comments at the hearing; 

In sum, weare commenting on the insufficient opportllnity afforded by the Division with regards to 
the draft permit To correct these errors, the Division should seriously consider reopening the comment 
period. In addition, in the event that comments from this period result in significant changes to the permir 
limits, the Division should notice an additional comment period on the revised draJl pem1itprior to finalizing 
it \Ve tinally strOligly urge the Division to folIO\v~ ata minimum; the recommendations laid out in the 
referencedHearing Officer's reports, Ample room eXists now under the Division's regulatioils for irnproving 
the Ol)portunity for public participation in the \vaysnoted. The Division's regulations also could be improved 
by atpendments clearly hiying out the standards for extensions. Finally, we note appreciation for the 
provtsionof electronic files during this c()mment period and recommend that such fiIes be assembled prior to 
the nptice date to enable the timely revievl of the voluminous meso 

Division;s response: 
The Kentllcky Divisi()n(~tAir Qtrality is boundb}' tberegulalion whichstates "The comment 
period: (a) Shall begin on the date the public notice i.s" published in thenewspapeJ;'; and (b) . 
Shall end thirty (30) days qlter the publication dalc; >'401 KAR 52: I 00, Section 2(2). 

.The commenter appears to be confusing the requirements/or a public hearing 'with the 
public notice. .. A request .j(u' a hearing shall no/require (111 extension {~l (he comment 
period; hOlvever, the Cabinet may' allmv additional time ({jier the close ofa public hearing 

, for public hearingparlicipants to submit their comments in writing !fapub/ip hearingh; 
held, the Cabinet shall: Provide public notice, at least thirty (30) days prior to the' 
scheduled hearing dale; " 

Thep/ain and unambiguous hmgzlage (?llhe regulation is that the public COflllr;ent period 
expires 30 days ajierpublication qfl/IC public notice, and fhtll {ta hearing is requested Ihal 
notice'b(;~ given 30 (/cU:," in advance qlthat hearing. Becausc(!l-:cheduling issues, the public 
hetlriilg may occur a rea:~ .. onable time (if tel' the publiccmmnent periocl, and comments m(~y 
be submitted at the hearing. 
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VI, CONCLUSION 

For the reasons stated above; KDAQ should deny the Cash Creek~ERORA draft permit as a matter of law and 
fully comply with the duty to provide a meaningful opportunity for public participation dUting the remainder 
of the permit's consideration. 

Division's resptmse: 
The Division does not concur,' it has ji,tI~y complied lvith its pr()mulgated regulations 
concerning meaning/lil public participation. 
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ATTACHMENT '( 

Responses to C0l11nlcnts 
I 

COI1)lllentson the Draft Title YAir Quality Permit submitted Steve Jenkins, Vice President of 
CH2M Hill. 

L Page 2 of 51: this lists a maximum rated heat input capacity for the combustion turbines of2917 
t\tUvlBtu/hr. Please note that this is the value f()r the heat input to each of the gasifers, per the 
infohnation presented in Cash Creek's application and consisteJ11 with GE Energy's coal gasifier 
design. The heat input to each of the combustion turbines should be 2114 l'vUv[Btu!hr, per 
infonnatl{jU presented in the application. which is consistent with the design of the GE 7FB 
combustion turbine. Note that the 2917~lMBtl1/hr value is also noted in the Statement of BasIs, 
und~r the section flOperating Caps Description", 

Divi'sion's Re~ponse: 

I 

Comment acknoyvleJ.ged,changeshave been made to the permit and the Permit Application 
... (j"ummal~V Form. The l'alue did notappi?ar in the Statement (?IBasis, 

2,\Vhile the Statement of Basis lists a VOC emission limit, it is not included in the draft permit 
under Section 2, Emission Limitations. 1 note that you refer to the emission limits as "B/teT 
emi~sion limitstl ,and that a BACT analysis was not rcquiredfot-: voe. But does this mean that the 
unit will not have an "official" voe limit, even though Cash Creek proposed a value? 

Division's .Response: 
Since emi/·;sions q/ flOC \4'ere not above the PSD sign[/icance level, no BACT limit was 
required. F'urther, there are no other applicable regulations requiring a voe limit 
Therefore. the Division has no regulatory author;,:)! to impose a VDe limit. 1'lle permit 
requires post-cOnstruction testing to cOf?jirm that BACT was not required jbr the VOC 
emissions. 

3. T,he Statement of Basis is infollnative in that it presents the Cll1ission limits on a .gasifier input 
basis and t.he combustion turbine input basis. In the original Cash Creek application, they had 
pres6nted the heat input for the combustion turbiries, but not the coal input to the gasifiers, At the 
time, several of us in the lGCC industry had noted to EROf{A and their consultant that the emission 
limit~ for an lGCe unit using coal should be compared to a plilverized coal unit, not to a gas-fired 
combined cycle unit that uses natural gas as a fueL In the amended application, Cash CreekmodHied 
this and provided their information based on the gasifier heat input value (2917 IvlMBtu/hr per 
gasifier, for a tota10f5,834 !\1MBtu!hr), and proposed their emission rates on the gasifier heat input 
basi~, In the revisions to Slibpart Du, EPA correctly placed JGCC units into the. NSPS for Electric 
Utility Steam Generating Units, the samecategOlY with pulverized coal boilers, and removing JGCC 
fi'om: Subparts GG and KKKK, which are for gas-fired combustion turbines, not boilers. The [Gee 
indu~try is now working to standardize its approach in air permit applications. At the Gasification 
Technologies Council regulatory workshops, we poiTIt out the comparison of coal-based IC'jCC to 
pulverized coal-fired boilers and how toealculate and propose emission limits on the gasifier heat 
input basis, in order to compare coal to coal, not coal to natural gas. 

We 110te that on page 4 of 51 of the draft pennit, under Section 2 Ci), it states that the BACT 
emission limits are based upon heat inputto the combustion turbines. ]'hiswould not be consistent 
with what the IGCC industry is working toward, and willlikclycause some confusion to those \vho 
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read the permit to see what the emission limits are, assuming that the emission limits would be 
on the basis of coal input to the gasifiers as with other IGCC permits. Should you choose to keep the 
emission limits on the basis of heat input to the combustion turbines, we would suggest that you 
move the statement in Section 20) up to the beginning of Section 2. Also, since people will 
download the permit and may not dovv'nload the Statement of Basis; a table that presents the 
emission limits on both the gasifier heat input basis and the combustion turbine heat input basis 
would be very informative (as it is in your Statement to Basis document). 

Division's Response: 
The Division acknmvledges the comment but does not agree with the suggested changes. 
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.ATTACHME.NTJ 

CO,mments on the Draft Title V Air Quality Permit submitted by at the public hearing. 
1 

4 KENTUCKY ENVIRONrvlENTAL AND 
PUBLICPROTECTION CABINET 

5 DIVISION FOR AIR QUALITY 

6 

7 

8 

PUBLIC HEARING 
June 29, 2007 

9 1IELD AT THE HENDERSON COUNTY COURTHOUSE 
FISCAL COURTROOM, THIRD FLOOR 

10 ON FRIDAY) JUNE 29TH, 2007. AT 6:30 P.M .. 

1 ] 

12 

13 

14 

15 

16 I 

.17 ~PPEARANCES: 

18 Jim IVlorse 
Supervisor, Pertuit Support 

19 

20 Donald Newell 
Nlanager, Permit Review 

21 
Benrvlarkin 

22 Supervisor, Combustion Section 

23 

24 

25 
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2 

1 JIM MORSE: Good Evening. My name is 

2 Jim iv1orse. I supervise the pennit support section 

3 at the Division for Air Quality. I'll serve as 

4 your moderator tonight. 

5 This public hearing is now in session. 

6 If you have not signed the attendance sheet at the 

7 registration table up here, that has been marked as 

8 the attendance sheet, if yon would dl) that, even if 

9 you don't intend to comment. We need a full list 

10 of who attended this hearing. 

11 Our division is responsible for 

12 regulating air pollution in Kentucky. \Ve operate a 

13 central office in Frankfort and eight regional 

14 offices, including one located in Owensboro, which 

15 serves the Henderson County area. 

16 The purpose of tonight's public hearing 

17 is to receive your comments on the draft permit for 

18 construction and operation of a coal-fired electric 

19 generating plant. 

20 Copies of the draft permit and 

21 supporting information that were used to write the 

22 permit were made available at the local courthouse 

23 right here on May 20th, 2007, and advertised in the 

24 llcnderson Gleaner on the same day. This hearing 
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25 \-vas also advertised at that time. 

3 

l' OUf COUl1 reporter is Cathy Passmore. 

2 ~ou can obtain a copy of the transcript of this 

3 public hearing by making arrangements directly with 

4 l~er. 'She'll advise you of the expected time frame 

5 for completion of the transcript and the cost f()[ a 

6 cppy. 

7 In a few minutes I'll describe the 

8 p;rocedures we'll be following tonight to take your 

9 comments. 

to First, IYIL Don Newell, OUf staff 

I 

1] ¢ngineer will givey()u some details of the review 

], (;llr division has conducted of the prop()sed project. 

13 iv1R, NE\VELL: Thank you, Jim. 

14, Again, my name is Don Newell, 

15 ~-e-w-e~l-L I'm also with the Division fbr Air 

16 Q:ualify in Frankfort. 

17, UNIDENTIFIED PERSON: Hey, tunl it up a 

18 littlebit 

19 MR. NEWELL: \Vill you turn it up, Jim. 

20 !VIR. MORSE: 'There is no provision for 

21 turning it up~ Just speak into the microphone. 

22 !VIR. NE\VELL: 1 guess I'll have to turn 
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23 it up. 

24 This public hearing is to receive 

25 comments on the dran permit for the electric 

4 

generating station known as Cash Creek. It's a 

2 PSD, that's prevention of significant 

3 deterioration, title V after the title in the Clean 

4 Air Act \vllich requires penl1itting of this type of 

5 source permit. 

6 According to the Clean Air Act, 

7 stationary sources that have the potential to emit 

8 over 100 tons per year of any of the criteria air 

9 pollutahts are required to have a federally 

10 enforceable title Vail' permit. 'rhe benefits of 

11 the title V permitting process are that it requires 

12 industry to focus on air quality implications 

13 associated with their operations. We urge the 

14 permittee to design or redesign equipment and their 

15 operations to comply with the regulations. It 

16 allows t()r clarification ofrequirements because it 

17 increases the likelihood of a compliance for the 

18 source and by the source and it increases the 

19 understanding of the permitting process. This 

20 increases the 0ppOltunity for introduction of 

21 additional pollution prevention and controls. All 
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22 bfthis is required by the steps that are taken in 

23 ~ompliance with the Clean A ir Act 

24 It also makes sure that by addressing 

25 these questions up front, in other words, before 

5 

c'onstnlctiQt1, the facility will be built right the 

2 first time and it will not have to undergo retrollt 

3 and redesign at a cost of time and money to comply 

4 with the law after the tllCt. 

5 FC)f this particularsoutce there Were 

6 s~veraltypes of review that had to be done. As I 

7 ll}cntioned, this is a prevention ofsignit1cant 

8 d~terioration or PSD pennit, so it had to ensure 

9 that all of the emissions from this plat1l would be 

I 0 ~ithin the limits of the national ambient air 

11 quality standards. In PSD review you determine a 

12 qaseline of air pollution, air emissions that are 

13 ctJrtently existing and then you evaluate \V'hether 

14 that baseline, plus the emissions from the new 

15 facility are in compliance with those national 

16 a'mbicntair quality standards. All that analysis 

17 is done bei(Jre the draft, permit is issued. 

18 Italsa requires an analysis to 

19 deterrnine what the best available cOI)trol 
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20 technology is for the major pollutants and ensure 

21 that the company or requires the company to include 

22 that best available control technology in the 

23 design of the plant. 

24 This particular one, this particular 

25 facility, because it's \\lithin the national park 

6 

services area of interest,wi th respect to Mammoth 

2 Cave National Park, also had to undergo class L 

3 Mammoth Cave National Park is a class I area, so 

4 this t11Cility had to undergo class [ area impact 

5 analysis to ensure that it did not cause 

6 unacceptable degradation to the Mammoth Cave 

7 National Parle 

8 [n determining what BAT, or best 

9 availahle control technology is,all potential 

10 tedmologies have to be identified. 'fechnically 

11 infeasible options can be eliminated, economically 

12 infeasible options can also be eliminated, the 

13 remaining technologies are ranked by control 

14 effectiveness, taking economic, environmental and 

l" energy impacts into account, the best technology 

16 must be selected for control. This f~jcility also 

17 undenvent that analysis. 

18 The division received an application 
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19 for the Cash Creek generating stahon, worked with 

20 the company to make sure that the application was 

2] complete and accurately described the facility, and 

22 then our statl engineers worked to develop this 

23 ~iraft permit which has been presented fbr your 

24 review so that you can make any inputs to your 

25 ~eliefs about the impact of this facility. 

7 

This draft permit is nota construction 

2 pennit. This draft permit does not carry 

3 c~mstruction ilUthority, that authority will or will 

4 not be granted then .. Det.ermination will not be 
. . 

5 Blade until your comments have been received and 

6 evaluated. A copy of this draft has itlso been sent 

7 to theU .S. EP A,they1vehad their opportunity to 

8 review it. It's been sent to the federal land 

9 Illunager of Mammoth Cave Nntional Park and it's also 

10 b;een sent to those adjacent states, in this case 

11 lrtdiana and Illinois so that interested citizelis in 

12 tl~()se terrimries could also have the opportunity 

13 to comment. 

14 The .public comment period has run for 

15 30 days. Your concerns \Nill be evaluated and the 

16 division will respond in writing to each of those 
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17 concerns. Taking into account the comments that \ve 

18 received, we will then, if there are no regulatory 

19 or statutory prohibitions to the contrary, issue a 

20 proposed permit for Cash Creek. But, again, let me 

21 emphasize, that will not happen until we have fully 

22 considered all of your comments. 

23 So we like to thank you for being 

24 here. We \vould like to say that we appreciate your 

25 participation in this process. And we look forward 

8 

to \vorking with you to make sure that this endeavor 

2 has a satisfactory conclusion. Thank you. 

3 NIR. ivl0RSE: Thank you, Don. 

4 Now, let me describe the way we will 

5 conduct the rest of the meeting. I hope that each 

6 of you will recognize that there may be differing 

7 opinions in the room about this proposed project. 

8 Please letrne remind you that every person here is 

9 entitled to voice his or her opinion. I will 

10 ensure that each person is allowed a fair and 

11 uninterrupted opportunity to make comments. 

12 Persons providing comments tonight will 

13 not be questioned by anyone regarding their 

l4 comments except that I may ask a clarifying 

15 question if I feel that a comment is not clear. 
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16 Our divisi()li will not determine its 

17 position tonight regarding any suggestions you 

18 make. It's important that our s~atT thoroughly 

19 J'eview all the additional infonnatidn that \ve 

20 receive during the public conunentperiod, pro and 

21 con,. prior to finalizing a position on each 

22 specific issue. Our agency has the authority to 

23 ~lddress only the air quality aspects of this 

24 pi'oject. Therefore, we would appreciate it if you 

25 ~vould limit your comments tonight to the air 

9 

q~ality aspects of this proposal. 

2 If you have other cornments or concerns 

3 npthaving to do with air quality, I'd be happy to 

4 assist you in determining the appropriate agency or 

5 office towards which to direct them. 

6 It's not necessary for anyone to read 

7 t~eir entire vvritten comments tonight Verbal and 

8 written comments will receive equal review and 
, I 

9 consideration. If an individual has a long 

1 () statement, I would urge you tosununarize it in 

11 Umight's presentation and provide us a full 

1.2 written copy. Given the number of people who 

13 irldicated their desire to speak, I would ask that 
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14 verbal comments be limited to five minutes, if 

15 possible. I will indicate to you when you have one 

16 minute left and when the time limit is tip. If you 

17 cooperate with us on this request, everybody that 

18 wants to speak tonight will have a reasonable 

19 opportunity to do so and we'll all stillbe able to 

20 go home at a reasonable hour. 

2] Before you begin your comments, I!ll 

22 ask you to come up to the podium, state your name, 

23 who you represent, and speak directly to our court 

24 reporter. If you have written comments, please 

25 leave a copy of those with the COllrt reporter. 

10 

Now, everybody didn't print their name 

2 like it says in big print up there so bear with me 

3 if I'm unclear on who you are, L. Smithyman. 

4 MS, SMrrJ:IYMAN: Thank you for having us 

5 here tonight I'm Linda Smithyman, city of 

6 Henderson. I'm a member of the Sierra Club. 

7 would like to read from a flyer that the Sierra 

8 Club has produced abollt liquid coal. 

9 I!Liquidcoal releases almost double the 

10 global warming emissions per gallon as regular 

1 I gasoline. The powers behind liquid coal want the 

12 government to funnel billions iIi subsidies and tax 
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13 ~reaks to artificially create (111 entirely new 

14 industry. At a timcwhen we need to be reducing 

) 5 our carbon emissions~ liquid coal represents 

16 perhaps the dirtiest, most. expensive, and most 

] 7 dangerous energy gamble we could take. 

18 Manufactured by converting coal into a 

19 gas and then into a synfuel, liquid coal requires 

20 huge inputs of both coal and energy. In fact, one 

21 ton of coal produces only two barrels of fuel. 

. 22 M.ore than four gallons of \vaterare 

23 l1eedecl for every gallon of transportation fuel 

24 produced, threatening our limited water supply. If 

25 we were to replace onlY ten percent of our nation's 

11 

ttansportation fuels with liquid coal, we w()Ltld 

2 h~lVe to increase coaJmining by over 40 percent. 

3 An increase ofcoal mining on a scale 

4 this large would also jeopardize the long-term 

5 prospects for coal, including its use as it source 

6 of about half our electricity. Doubling or 

7 tripling our use of coal can quickly deplete our 

8 r~serves. 

9 Liquid coal is simply not a smart 

10 a~swcr fOf OUf energy futurc." 
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11 \Vhat price do you put on the future 

12 health of yourselt~ your family, and your 

13 neighbors? Thank you. 

14 N1R.['..40RSE: Thank you, 1\.1.s. Smithyman. 

15 Ms, Christine Belt, please. 

16 MS. BELT: Hello. I'm Christine Belt 

17 and I am a concerned citizen. 1 want to thank you 

18 for allowing me to voice my opinion this evening 

19 and I want to voice opposition to the Cash Creek 

20 power plant 

21 1 would also 1 ike to state my supp0l1 

22 of the written comments submitted bv ValievWatch 
~ ...... ., 

23 and Sierra Club. I understand the Henderson areas 

24 need for new jobs) but I ask everyone involved and 

25 affected by this decision, why do we have to pay 

12 

for economic development \vith our health? Why do 

2 we have to put our health and our childrens' health 

3 at risk for jobs? 

4 Our region already has a high number of 

5 coal burning power plants, 17. 'rho biggest 

6 grouping in any region in the country or any\vhere, 

7 I think. We cannot afford another. There is no 

8 such thing as clean coal, as the Cash Creek 

9 [[wility prop6se, It will create high levels of 
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)0 pollution in anare'a that is already heavily 

Ilpol1iIted. 

12 On page 27 of Cash Creek's permit 

13 stateirient of basis it rcads the division has not 

14 required the application to include an air quality 

15 ~mpact analysis tor ozone. I ask, '-'vby not? In the 

16 Hext paragraph the petmit reads the purpose of 

I 7 ~hese analyze is to demonstrate that allowable 

18 emissions fron1 the proposed project will not cause 

[9 or contribute to air pollution in violation of a 

20 national ambient air quality standard in an air 

21 quality control region. Hello. If this propo.sed 

22 plant is created, anytime the wind blows a cettain 

23 direction Vanderburgh and \Varrick County, two m'eas 

24 (llready at nOri-attainnlcnt for particulate matter 

25 [ind ozone issues. will begrcatly affected. That 

13 

dqesn't even mention what will happen to the 

2 Henderson area. \Ve cannot afford the estimated 700 

3 t~ns annuully of nitrogen oxides thatwill be 

4 r~leased into the air as proposed in this pemlit. 

5 On page 33 of the statement of basis it 

6 discusses the affect on soil and vegetation, The 

7 predicted ambientconcemrations due to the project 
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8 are below the NAAQS and PSD increments and no 

9 significant off-site impacts are expected from the 

10 proposed action, therefore, the potential for 

11 accurate impact to either soils or vegetation is 

12 mi~limal. It is concluded that no adverse impacts 

13 will occur to sensitive vegetation, crops or soil 

14 systems as a result of operation of proposed 

15 project. I ask, how can 391 tons per year of 

16 sulfur dioxide released into the air not have an 

17 adverse impact? Sulfhte dioxide is the main 

18 component of acid rain, which has a very adverse 

19 affect on vegetation and crops. 

20 These afe only two examples of the 

21 adversed effects Cash Creek will have. I'm 

22 concerned that major adversed eHects are being 

23 ignored in an effort to push this project for 

24 economic development. 

25 Unfortunately, all the costs afe 

14 

estimated and the general public isn't aware of the 

2 financial costs involved. It is estimated that 

3 capital cost for .IGCC plants~ which are integrated 

4 gasitication combined cycle plants, are estimated 

5 to be 20 to 40 percent. 47 percent higher than 

6 traditional coal plants. The Department of Energy 
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7 reports that lGCe plants are seen as too risky for 

I 

8 private investors. It requires large subsidies 

9 il'om the federal, state and . local governments. So 

10 not only are \ve paying.3 health cost, but down the 

1 t line we'll be paying a tax price as welL 

12 I believe that the economic risks and 

13 the health risks associated with this plant 

14 outweigh any perceived gain of economic 

15 development. As a region, we must -- why must we 

16 continually be asked to pay for economic 

17 development with our health? Thank you. 

18 MR.rv10RSE: Folks, as a courtesy to 

19 others, if ll:ould ask you, if yon've got your cell 

20 phone with you just put it on vibrate~ please. 

21 thanks. John Thompson. 

22 lVIR. THQI\1PSON: Good evening. Canyou 

23 hear rne? Yes? 

24 TIlE AU DrENCE: Yes. 

MR. TIJ OMPSON: Okay~ \Vel1~ I w ill try 

15 

tq speak loudly jt:lst in case~ 

2 t\.-1y name is John Thompson. I direct the 

3 coal transition project of the Clean Air T,isk 

4 Force. Cleat Air TaskForce is a national 
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5 nonprofit environmental organization. \Ve arc 

6 headquartered in Boston. tv1y address is 23 1 \Vest 

7 Main Street, Cardondale, Illinois 6290 I. 

8 Clean Air Task Force focuses on two key 

9 air pollution isslles facing this century: one is 

10 global warming, the other particulate matter. 

11 1 have a bachelor of science in 

12 chemical engineering from the University of 

13 Illinois. A master's in business administration 

14 from \Vashington University in St. Louis. 1 testify 

15 regularly for environmental groups and others on 

16 coal matters. 1 review air permit applications for 

17 the Clean Air Task Force. I served as the co-chair 

18 of the \V cstem Governors Association. Committee on 

19 advanced coal reviewing both pul veri zed coal and 

20 IGCC technology and I'm here to olTer conuncnts in 

21 two areas. First, I would like to make two very 

22 specif1c and limited comments on the air permit and 

23 I would like to make three more general comments 

24 about this f11cilityin generaL 

25 First, 1 revieyv'ed the penn it limits and 

16 

1 consider these to be appropriate limits for best 

2 available control technology. 'rhis plant will be 

J one of the cleanest coal plants in the country. 
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4! Second, 1 \.vould like to just note. that 

5 tpe statement of basis that Kentucky has issued for 

6 this plant is an exceptional document and] think 

7, that it is a model for future regulators in other 

8 states who are considering both conventional and 

9 l(:iCC plants, 

10' \Vhat 1 have dO~le, rd like to make 

11 ~hree comlnents that are more general to those of 

12 you in the audience and I prepared several diagrams 

13 \vhich I have asked the hearing officer to 

14 previously mark. These are Clean Air Task Force 

15 Exhibit Number 1) Clean Air Task Force Exhibit 

16 ~umber 2, and Clean Air Task Force Exhibit Number 

17 3. And I'd like to make, as I said, three general 

18 comments. 

19 The first one is about how -- first of 

20 aIllel me just -- jf you don't mi'nd. 

2] .f\1R.l\rl0RSE: Sir, if you'll face the 

22 court reporter. \Ve're not addressing the cro\\'d 

23 here. We're taking statements. 

24 MR. THOMPSON: Okay. I'll still glance 

25 over at you-all in the audience every once in a 

while here. 
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2 The first issue I'd like to address is 

3 how extremeiy low the.air emissions are from this 

4 particular facility and for that, as I had 

5 indicated earlier it is, if built, would be one of 

6 the cleanest coal fl1cilities in -- not only in this 

7 country but in the \vorld. 

8 Exhibit Number], which I'm holding in 

9 my hand, consists of a table that shows Cash Creek's 

10 proposed emissions versus a nearby coal plant, 

II relatively nearby, called the Gallagher Station. 

12 And they are roughly the same size facilities. 

13 Gallagher in 2005 emitted some 6 t ,000 tons of 

14 sulfur dioxide and nitrogen oxide, Cash Creek, in 

15 contrast, if it were to operate 24 hours a day, 

16 seven days a week,\vould emit no more than a 

17 thousand tons of NO x and S02 together. In fact, if 

18 YOll look at it, Gallagher emits more air pollution 

19 from sulfur dioxide and nitrogen oxide in three 

20 days than Cash Creek will in an entire year. That 

21 is a radically lo\ver level of pollution. 

22 I'd like to address a second point. 

23 And thaes the impnct of adding another coal plant 

24 in an area such as this that already has high 

25 levels of air pollution. The sulfur dioxide, the 
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t nitrogen: oxide that are emitted by power plants in 

2 the Ohio Valley are key cOlltributors to 

3 n'on-attainment ciesignations in nearby counties for 

4 (),zone and particuhlle matter. And r know that it 

5 s~unds counterintuitive to say this, but actually 

6 if you build this pItHit the air quality in this 

7 fygion, in ITty opinion, gets better, not worse. Let 

8 l~eexplain why that point may seem counterintuitive 

9 tQ you. Atter all, this is an additional plant. 

10 rt's adding pollution into the air. So ho'.v is it 

11 trat a plant that can -- is a new plant, that's 

12 adding more pollution, could possible reduce 

13 nollution in the surrounding air? And that has to 

14 do with how coal plants are dispatched. By 

15 dispatched, I'm referring to perhaps an analogous 

16 s~tuation is when you call a taxi. The dispatcher 

17 d,ecides when to send the taxi to the location that 

18 you've sent, you've requested. So it is when coal 

19 plants dispatch. They dispatch in a certain 

20 order. Irlcoal plants such as this, are. always 

21 built primarily to meet new demand for eTlergy and 

22 electricity. The small portion, at least a small 

23 portion of it, displaces existing coal plants. And 

24 when you look at a plant, the many, many plants 

25 that are in this area, what you'll find is that an 
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19 

lGCe plant, because it is highly efficient, will be 

2 dispatched ahead of the exiting coal plants. If 

3 this plant idles Gallagher for as little as 80 

4 hours over the course of the year, there's enough 

5 air pollution offset from that coal plant to 

6 actually oft:-;ct all the emissions from Cash Creek. 

7 Gallagher and plants like that 

8 generally operate sorne 4,700 hours a year or more 

9 and so to -- the idea that it is highly likely. in 

10 my opinion, that this plant is going to idle 

11 existing coal plants far more often than even 80 

12 hours. So the end result of that. is that in the 

13 region NOx and S02 are likely to go down because 

14 this is a radically cleaner plant, because this 

15 plant is more efficient and because it's going to 

16 dispatch ahead of all the existing coal plants in 

17 the region because of its efficiency. 

18 l'd like to address a third point, and 

19 for that ['m going to now move to Thompson or to 

20 Exhibit Number 2. And that is the isslle of global 

) 
21 warming. Global wanning is reaL Carbon dioxide 

22 emissions from coal plants account for something 

23 like 40 percent of the C02 that is released into 
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24 the atnlosphere. If\ve don't make radical 
I 

25 reductions in the amount of C02 that is admitted 

20 

ihto the atmosphere by Jllid cenlury,we will see, in 

2 l~Y opinion, largescale global wanning that may 

3 threaten extinction of many species. [GCe plants, 

4 such as the Cash Creek fL-\cility, are ideally suited 

5 f()r capturing and .sequestering this carbon dioxide 

6 bef(xe it's admitted into the atlllosphcrc. Exhibit 

7 Number 2--

8 l\tR.MORSE: 1\1r. Thompson, 

9 MR. THOMPSON: 1 kltow, I'm hurry up 

10 here, sir. Shows a map that 1 prepared for 

11 testilttony last weckon the Edwardspol1 (GCC plant. 

12 lr depicts the three state region. 'rhis yellow 
; 

13 region of tho saline aquifers that are good targets 

14 for this region fbr the sequestering part. The 

15 areas in red are the oil and gas fields where the 

16 C02 from aplantlike this \Nould make excellent 

17 enhanced oil recovcryopportunities. \Vhat I'd like. 

18 t9 suggest to you is that if we're ever going to 

19 g:et global warming under control, \V'e're going to 

20 have to make at least 80 or more percent reduction 

21 of C02, worldwide reductions, including from all 

22 t~e power plants·; all the industrial sectors in 
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23 this three state region. This technology has the 

24 capability of advancing that option, \Vhy? For 

25 this I'm moving to Exhibit Number 3. My final 

21 

exhibit. 

2 There are three levels that an IGCC 

3 plant can capture carbon at. Roughly 20 percent, 

4 roughly SOpercont, roughly 90 percent. This plant 

5 will not, to be clear, capture carbon from its 

6 outset, but it has very inexpensively the option to 

7 do 20 percent very soon. That is enough to advance 

8 sequestration in this region and enhance oil 

9 recovery so that can make deep, deep reductions in 

to C02. And.1 would just suggest to you that unless 

11 we mUltiply those options for capturing carbon, we 

12 will never get progress on this topic. 

13 In conclusion, I'd just like to say 

14 that.1 understand in this community you have a lot 

15 of natural beauty. You have a heritage that 

16 includes John James Audubon and his contribution to 

17 ornithology. If we donlt solve global wanning, the 

18 efforts that John James Audubon made, John ivluir 

19 made, that Teddy Roosevelt made, that Rachel Carson 

20 has made. indeed, all of the efforts that we, as a 
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21 ~onservation environnientaI cornmunity, have made to 

22 protect this planet over the last hundred or more 

23 years will be out the window. It's just to you. 

24' Ifwework together to advance enhanced 

25 oil recovery at this particular site, then we 

22 

'l9tually might make a difference so that our 

2 children and their children will have a climate 

:3 that is one like John James Audubon and John Ivtuir 

4 h~td experienced in their lifetimes. Othenvise we 

5 n~cc massive extinction of species, rapid 

6 disintegration of ice sheets, rises in sea leveL 

7 P~radoxically this plant is contributing to the 

8 s()lutioll Qf air pollution problems and 1 hope that 

9 th;e division \,yill issue an air permit as rapidly as 

10 possible. Thank you, 

11 tviR. rVIORSE: Let me re-enlphasis a couple 

12 of things that f said earlier tonight. We're 

13 uiking your comments, 1 would like you to address 

14 them to the court reporter. 'rhese comments and the 

15 responses to the comments and the proposed permit 

16 that results from this input will be made available 

17 again at all the same places, including this 

18 courthouse that it was made,eadier with the draft 

19 p~rmiL Every comment that's made we will get a 

Cnsh Creek 
V-07-017 

page ~9 or l79 



20 chance to review. Anybody else that hasn't been 

21 here tonight will get a chance to see these 

22 comments and what our responses were to them. 

23 [ would also ask that you refrain from 

24 ridiculing anyone, and respect each one as \ve 

25 conduct this hearing. Michele Iv1orek. 

23 

MS. MOREK: Thank you for the 

2 opportunity to speak. My name is Sister ivlichele 

3 Morek. I am the president of Ursuline Sisters of 

4 Ivlount Saint Joseph, a group of religious women \vho 

5 serve all over the United States and in South 

6 America. Our national central headquarters are 

7 located just south of Curdsville, Kentucky. I 

8 would like to speak on behalf of a large population 

9 of people living and working immediately downwind 

10 from this proposed plant that is, in addition to 

11 the population of Curdsville and Delaware, 

12 Kentucky. 

13 Among other things, the sisters' 

14 motherhouse serves as the retirement home for 80 

15 elderly and infirm women religious, several of whom 

16 have respiratory impairments. In addition, we have 

17 about 20 sisters who live and \'lork on campus, plus 
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I g about 85 employees who work in the retirement home 

19 and in the offices of the central administration. 

20 1 believe we are the largest employer in \Vestern 

21 Daviess·County. So that is almost 200 people \vho 

22 live or \\iork there. 

23 That number does not include the 

24 ~mployees and clients of the l\tlount Saint Joseph 

25 €~onference and Retreat Center, also located on this 

24 

site. The conference and retreat center serves 

2 about ),000 people a year-business, educationaL 

3 ahd religious groups who comc for a day or a week 

4 tc}use thc facilities, All together, \7'ith all the \ 

5 eycl1ts we have on campus~we probably have over 

6 2P,OOQ peoplc visiting our campus every year. 

7 I was raised right across the river 

8 from a large coal burning power phmt and I have.' 

9 seen over the course of my lifetime the 

10 environmental degradation, loss of all' quality, and 

11 cost in human health that a coal-tired plant brings 

12 to the area. We jlist ask that you consider the 

13 human cost and quality of living issues before 

14 c:iting this plant. \Vould you build this plant five. 

15 miles upwind from your grandmother'S home? 'vVe have . 

16 80 grandmothers living in our home, I'hank you for 
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17 your attention to our input. 

18 tv1R. ivl0RSE: Thank you. Zachariah 

19~1atthew Bust:. 

20 MR. HUST: How you-all doing tonight? 

21 1 believe this plant here being proposed in 

22 Henderson County would be a real good thing. It 

23 would bring a lot of jobs for hard working people 

24 here in this com.munity, going to have an impact on 

25 a lot of peoples' lives. 1 believe it will be a 

25 

good thing. Got a lot of long-term jobs for people 

2 and short-teml jobs, you know, for a lot of us 

3 construction workers. Be a real good thing. I 

4 think you-all ought to think real hard about it. 

5 You-all have a good evening. 

6~1R. MORSE: Thank you. James 

7 P .. ivlarquart. James P.Marquart? 

8 UNIDENTIFIED PERSON: He's hard of 

9 hearing. He's back there. Dad. 

10 NIR. MARQUART: I took my hearing aid 

11 out because the battery died. [look out and see 

12 all my friends here. I wish 1 could say --

13 MR. I\rl0RSE: Sir. 

14 MR.J\tlarquilrt: Some of my ti·iends are 
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15 for it nnd some of them are against it and __ 

16 tvlR.MORSE: Sir. 

17 NIR. ~1ARQUART: And work with my friends 

18 so 1 can't say --

19! MR.iv10RSE:Mr.Marquart--

20 ~1R.I\;IARQUART:i'v1y name is James P. 

21 NtlarqmHt. I'm a retired CPA from Clarksville, 

22 Illditma. I was educated in Kentucky, I was raised 

23 i~l Kentucky. I know what it's l1ke to make $2.00 a 

24 day suntise,to SUBset working on a farni, 'I 'Ivent to 

25 Sedic (phonetic) High School, Boldman (pbonetic) 

26 

] C~)lIege, graduated and then went to \Vashington, 

2 And now I've come back in 195 to become a gentleman 

3 fa:nner. 1 wasn't smart enough to be a farmer. So 

4 then 1 went to Indiana, I went to IJt)osier in '95 

5 a1ld now I'm coming back to Kentpcky to tell you 

6 that 1 understand. if I lived hereJ would want to 

7 su:pport it too., Cash Creek, iCs cash t()f a few 

8 y~ars, cool water down by the creek, it's a job, 

9 h4i then what happens afterwards. Are we going to 

1 0 li~'elongenough to breath the air'? Now it's not 

1 J gping to hurt me, I'm 73 years old. I'B be 

12 upstairs, but your chi1dren and grandchildren 

13 tlicy'rc going to have to pay the price for ir., 
I 
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14 -there are better answers 1 think. 1 don't have the 

15 benefit of specific knowledge of having reviewed 

16 the paperwork supporting this thing so 1 can't 

] 7 speaks to the rules primarily --

18 l\1R. rvtORSE: Mr.lvtarquart. 

19 rvlR, I\1ARQUART: T want you-all to 

20 really, really think before you make this decision. 

2l i\1R. MORSE: I f you'll please confine 

22 your addressing to the court reporter. Thank you. 

23 l\.,lR. MARQUART: That's about all I have 

24 to say young lady this evening. 

25 .l\H{, MORSE: Jack 9rappo. 

27 

MR. GRAPPO: Good evening, My name is 

2 Jack Grappo. I work for the University of Kentucky 

3 Center for Applied Energy Research Laboratory. I 

4 have a BS, MS and PhD degrees in engineering. In 

5 the course of my work I've had the opportunity to 

6 work with gas location plants throughout the United 

7 States and around the \\iorld. And I carne here from 

8 Lexington tonight just to make a tew comments on 

9 LGCe and gasitication technoJogies in general. 

10 Gasification, for those of you that are 

11 not familiar with the technology, is arguably the 
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12 most thermally efficient and the lowest emissions, 

13 7xcuse m.e, lowest emission means ofutiIizingour 

14 youl resOUrces. Ifwe have a need to increase 

15 electricity production in the United States and in 

16 Kentucky, which We certainly do, if we have a need 

17 tp continue to use coal as a primary fuel for these 

18 electricity productions, which we certainly must, 

19 a.nd gasification and combined cycle strategies are 

20 certainly the most technical sound choices and the 

21 environmental responsible choice we can possibly 

22 make. Thank yo~. 

23 tvlR. Nl0RSE: Jim Gregory. 

24 MR. GREGORY: Thank you. My name is 

25 Jim Gregory. I'm born and raised right here in 

28 

Henderson County. I work at one of the current 

2 coal-fire plants, the Robert Green Plant in 

3 Sebree. I knO\\.' that we have a lot of opposition to 

4 those '"vho are concerned with the environment. I. 

5 just want everyone to realize that three-qumters 

6 of the employment at the powerhouses h~lve to do 

7. with pollution controL ·It takes very little to 

8 Il1tlke electricity. It takes a "vhole lot of effort 

9 to clean the air up and that is, whenever you see 
I 

1 0 this huge sprawling plant out there, remember 

Cash Creek 
V-07-QI7 

page 95 of J 79 



11 three-quarters of it is to clean the air up [ind the 

12 things that are done to keep our fhmilies safe. 

13 I've heard several comments this evening that said 

l4 do you \vant your grandmothers or your children to 

15 live close to a power plant. It wouldn't bother me 

16 at all. [rather have them live close to a pO\ver 

17 plant than] would to the smells of the chicken 

18 house or the solid waste facilities thaes out 

19 there, I appreciate the opportunity to make 

20 comments~ and I hope you grant this permit. Thank 

2] you. 

22 .l\1R.w10RSE: ~tike Hall. 

23 ~vlR. FIALLMy name is Mike flaIL I'm 

24 also a current -- I'm also a resident of 

25 IIenderson. I was born and raised here. 

29 

[just have a couple quick comments. 

2 would like for liS to think about tonight, like 1 

3 said, we are expressing the concern about the air 

4 quality, and being a resident of Henderson, that is 

5 an issue vvith myself and our family, ) would like 

6 to -- we're hearing some of the implications of 

7 the -- some of the new technology that's available 

8 today. 1 would like for LIS to listen to those 
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9 ~omments and also remember that if this is 

10 sOlllething that we -- if we can minimize some of the 

11 older units in any way by introduction, introducing 

12 anew, more efficient power plant I believe that 

13 \:vould be in ollrbest interest. Thankyou. 

/ 
14 I l\.1R. MORSE: 'fony Byrne. 

15 MR. BYRNE: I am Tt)I1Y Byrne. 1 live in 

16 Daviess County about three miles directly downwind 

17 lrom the proposed power plant. I'm concerned how 

18 the power plant will affect me, my family, .my 

19 grandkids and all my neighbors. \Ve also have a 

20 family fann that is right across the river froli1 the 

21 r)roposed power plant and I like to hunt, 1 like to 

22 t)sh, and I just wonder how it's going to affect 

23 the wildlife. 

24' I know this has been several years ago 

25 but me and a friend were quail hunting down by the 

30 

1 S9bree power plant, except we were on this side of 

2 the river and the power plant is on the other side 

3 of the river and it had Sl1O\vcd probably three or 

4 J:C)Uf days before, and you wouldn't know it was snow 

5 wben you sawlt. because it was mostly black. So, 

6 if this power plarlt does COlne on line, I hope it 

7 st(re docs better than the one 'at Sebree. 'rhat's 
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8 really all I've got to say. 

9 MR.rvl0RSE: Don Clements. 

10 MR. CLEMENTS: l\tly name is Don 

11 Clements. 1 also live west Dt-wiess County probably 

12 three miles downwind from the proposed power plant 

13 site. If this power plant was needed locally for 

14 the citizen of west Kentucky then who could be 

15 against it? We live here. \Ve raise our children 

16 here. 'vVe need the power plant. This is going to 

17 be a merchant plant. Shipped out of state for 

18 people in California, the people on the east coast 

19 will benefit They say let the dumb old 

20 Kentuckians take in the particulates. We don't 

2] want it~ but we want their cheap power. If it \vere 

22 needed locally. if the investors lived here among 

23 us, raised their children and grandchildren among 

24 us then build it. 

25 For the gentleman from Southern 

31 

Illinois who said that Gallagher may shutdown or 

2 implicated that Gallagher will shutdown if this 

J power plant came on line, 1 think is fooling 

4 hi111Self. This peJ\ver plant production will be 

5 shipped out of state. Gallagher \v111 continue to 
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6 nerfonn as well as Big Rivers, Sebree and every 

'-

7 other plant in the area will continue to perform at 

8 top capacity to supply the needs of the local 

9 people as well as ship the excess power on the grid 

10 to other areas of the country who don't want the 

ll(jirt and the filth in their slate, but let the 

12 Kentuckians have it, they don't know any better. 

13 Thank YOli. 

14 ~1R. Ivl0RSE: Brad Bredhold. 

15' N1It BREDIIOLD: N1y name is Brad 

16 Bredhold. I'm from Evansville, Indiana'
o

N1y 

17 concerns with this plant are with economic 

18 development. It's going to createjobs, but how 

19 J11anyjobs are we going to lose due to 

20 non-attainment levels. Like EvansviUe, \Varrick 

21 (ounly, Vanderburgh County have reached a 

22 n;on-attainment level or close to it for particulate 

23 levels and everything else and thaCs going to 

24 affect the economic, other facilities for jobs and 

25 eyerything else that's going to come into fhe 

32 

cQmmunity. So if you build this plant, you're 

2 b::lsically throwing all these other jobs out the 

3 \vindow becalise no one will move factories or any 

4 other type of job here for people. And that's 
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5 pretty much all I've got to say. 

6 l'vlR.rvlORSE: Thank you. Jean \Vebb. 

7 tvlS. WEBB: Hell()~ my name is Jean 

8 \Vebb. I live in Vanderburgh County in Indiana. 

9 I'm among the very fortunate people that have 

10 health insurance. I'm even more fortunate that my 

11 insurance provider provides me with inforrnation to 

12 help me maintain my health.rvly provider, \Velborn 

13 Health Plan, sends to my home a quarterly 

14 publication called Health \Vell. I read this 

15 publication because 1 know I'm responsible for 

16 staying healthy. l exercise, I try to maintain a 

17 healthy weight, [ avoid high fat foods, and I don't 

18 smoke. 

19 My latest issue of Health Well 

20 contained an article titled, II Air Pollution Can 

21 Break Your Heat1." This article cites a I5-year 

22 study on health effects of air pollution. It 

23 concludes thatlong-tem1, 1 iving in the nation's 

24 most polluted areas can slice up to three years off 

25 the average life span. 

33 

I live in an area of the nation that is 

2 officially in non-attainment from Piv12.S. That 

Cash Creek 
V-07-0! 7 

page 100 of 179 



3 means me. I live in one of the nation's most 

4 polluted areas. Despite my efforts to exercise, 

5 l~laintain a healthy weight, avoid high fat Jhods, 

6 (~nd refrainfi:om smoking, l'mlosing three years. 

7My children and friends that chose to live in this 

8 area are losing three years. r still feel that I 

" 9 I:lced to be responsible for my health, but a111 can 

1 0 ~o to protect myself from this danger, short of 

11 111oving, is to ask you to please not allow this 

12 proposed plant to operate if it will result in a 

13 net increase of pollutants. 

14 Three years of life is too high a price 

15 for the benefits this fttCility might provide. 

16 Thank you. 

1 7lVIR. NIORSE: CarlyWatsoll. 

18 t\1S. \V ATSON: Good evening. I'd like to 

19 say that 1 agree with comments made by Valley Watch 

20 and Sierra Club and Jean \Vebb and a lotaf the 

21 opponents of the Cash Creek power plant. 

22 I'm a resident of Newburgh, Indiana, 

23 and 1 represent a group.called Airaware. I am here 

24 t~) urge you today to oppose the Cash Creek power 

25 plant that is proposed in this area. 

34 

Bef()re I start; I want to say that I've 
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2 been sitting on the fence with this issue for quite 

3 some time. I've had mixed feelings about this 

4 plant for a variety of reasons. 

5 First of all, Cash Creek will use IOCe 

6 technology, which we've heard about tonight. It 

7 sO,tInds great, compared to what is out there it is a 

8 lot better. Compared to Rockport, Gallagher, 

9 Gibson power plants in Indiana it is a lot better. 

10 However, '.vhat arc the facts about this technology 

11 today? Well~ while significantly less in terms of 

12 emissions, Cash Creek is not without a cost. It 

13 \-vilt stlll produce air pollution, especially in the 

14 fonn of particulate matter. And when we talk about 

15 air pollution, we are generally talking about two 

16 different types of pollution. \Ve are talking about 

] 7 ozone pollution and particulate matter pollution. 

18 Particulate matter is of great conccn1 to me 

19 because Warrick County has a non-attainment status 

20 with the EPA. Ostensibly I am concerned about 

21 anything that will add to the already high 

22 particulates in our air. 

23 The gentleman from Carbondale was 

24 trying to say that emissions from this plant will 

25 offset emissions from existing pow'cr plants. \Ve11. 
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35 

qlere is no suggestion or no suggestion has been 

i 

2 made that this power plant is going to replace a 

3 grandfather plant that is eXIsting right now. \Ve 

4 h.ave no evidence of that Because if we did, J 

5 might think differently about this plant.' I would 

6 love to see maybe something change in tern1so1' a 

7 shutdown of Rockport and then maybe IGCC~ but 

8 there's nothing suggesting that, nothing at alL 

9 Next,I'd like to talk about 

10 particulate Il1atteror PM2.5 because again that is 

11 \vhere WalTick County is non-attainment And I'm 

12 not trying to raise anxiety in the roorn by talking 

13 about this but these are the HlctS. vVe kno\v that 

14 particles in air which is PM2.5m is 2.5 frticrons or 

15 smaller in diameter. The particles arc so smaIl, 

16 they get down deep in your lungs and your lungs 

17 cannol expel thcm.E,ssentially the particles 

18 travel around your bloodstreurn, they can transplant 

19 ip your vital organs, and can cause hef1rt attacks, 

20 strokes, h1t1g cancer, other cancers, and asthma. , 
I 

2 J We have quite an asthma problem over in Vanderburgh 

22 County. Overall the poor health of our community 

23 ~as more to do with the 17 coal-fired po\Ver plants 

24 in 62 miles radius of our town, than it does with 
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25 fat, sedentary smokers. Do we really want one more 

36 

power plant to this number? No, The answer is 

2 no. It is still more pollution. 

3 In addition to its unclean reality, 

4 IGCC technology is not fully developed yet The 

5 companies are still unsure how to sequester the 

6 carbon dioxide" And although field studies are 

7 being conducted with regard to the carbon 

8 sequestration, no conclusions have been drawn yet. 

9 \Ve don't need more C02. I think when 

lOwe consider this issue we need to ask ourselves in 

II what direction we want the Tristate area to go in. 

12 Do we want to continue down a heavily industrial 

13 path where the only type of businesses that want to 

14 locate here are utility companies or ones that 

15 naturally produce large volumes of pollution? 

16 Ifwe choose the industrial path I 

17 think at some point we will see a negative 

18 population growth. More pollution means economic 

19 disaster in the long 11m, not economic 

20 development. Young people do not want to raise 

21 their families in unhealthy environments. 

22 Thank you f()f your time. I hope you 

23 seriollsly consider the issue as your decision will 
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· 24 impact the health of the citizens of Newburgh, 

25 Indiana. 

37 

MR, rvlORSE: Thank you. William Bo\vker. 

2 MR. BO\VKER: Thank you for this 

3 opportunity, Nit. Chairman. I'm \Villiam Bowker, 

4 director of the Division of Fossil Fuels and 

5 Utility Services in Kentucky Office of Energy 

6 Pplicy. 

7 [ wish to express my strong supp0l1 ft)r 

8 C'ash Creek Generation Integrated Gasification 

9 Combined Cycle coal production facility, Let me 

10 e:xph.iin why we in state government, why wein the 

11 alternate energy policy do J~lvor or do support this 

12 kind of technology. 

13 Cash Creek Generation represents the 

14 advanced technologies that will be necessary if 

15 t~is nation is going to meet its grovving energy 

16 needs while protecting the environment. It's the 

17 type qf advanced technology that will enable 

18 Kentucky to attain major goals in its comprehensive 

I 

19 energy strategy. 

20 In 2004, Governor Fletcher put together 

21 a ,task tc)rce on energy policy. !twas made up of 

O\sh C;rcek 
V",07-0:17 

page 105 of 179 



22 leaders of the Executive Branch and from the 

23 General·Assembly, held meetings throughout the 

24 state with environmentalist, academia involving 

25 energy industry, agriculture and many others and 

38 

developed an energy strategy made lip of 54 

2 recommendations. My inunediate response to those 

3 \vho have to do \vith that addressed creating 

4 markets, new markets f()r Kentucky coal and for 

5 advancing dean coal technologies. 

6 Now, as far as addressing the pennit 

7 itself, the point made by the gentleman from Clean 

8 Air Task Force by, Dr. Grappo, that integrated 

9 gasification combined cycle is the cleanest or a 

10 very, very clean and .1 believe it's the cleanest 

11 way to use coal. It doesn't burn coal, it gasi fles 

12 coal and because it gasi fies coal it captures and 

l3 separates the pollutants, the sulfur, the nitrous 

14 oxides, the carbon dioxide can be separated befbre 

15 they go into affluence and have a bigger move, 

16 H's efficient, it's low cost and it's the cleanest 

17 \-vay to reach very, very low levels of emissions, 

18 \Vhy we're interested in this 

19 technology, why we support it is because our charge 

20 has to do with the economic growth of Kentucky and 
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·21 it has to do with the energy security of the United 

I 

22 States. This plantjs, as I said, an advanced 

23 representative of the most advanced technology for 

24 utilizing coal, 

25 Coal is a major force in the economy of 

39 

Kentucky. The fiv~ billion dollar industry employs 

2 almost 17,000 miners, over 2,700 in West Kentucky. 

3 i\:s the third leading coal producer in the United 

4 States, Kt(ntllCky produced in 2005 almost 120 

5 million tons of coal. Severance tax revenues alone 

6 \~ere $224,000,000 in the fiscal year 2006. As 

7 impressive as these figures are, keep in mind how 

8 coal production and eniployment have declined. In 

9 1990, Kentucky produced 173 million tons orcoal, 

10 45 million in We~t Kentucky. Almost double what's 

11 being produced right now. \Vest Kentucky's record 

12 production was over 56 million tons in 1975. In 

13 i005 this was down to 25 million tons. In f990 

14 \Vest Kentucky had 5,600 miners. In 1980, West 

15 Kentncky miningempioyment was near 12,000. Today, 

16 there are 2,700. 

17 Cash Creek Generation will create a new 

18 r~arket f()t Kentucky coal immediately. About 2 
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19 million tons of coal which will employ about 150 

20 miners. This, in addition, of course, to 750 to 

21 1,000 constmction workers \vorking in this area for 

22 three or four years and a couple hundred, 200 

23 highly skilled plant operators. 

24 As t~tr as United States, according to 

25 the E:nergy Infontlation Administration, economic 

40 

growth in the United States will result in an 

2 almost 50 percent increase in electricity demand by 

3 2030. And according to the EtA. coal is expected 

4 to supply most of this new generation, rising fi'om 

5 today's 50 percent to about 58 percent of the 

6 national generation, Now, this. of course, \vould 

7 be good news f()r the coal industly and Kentucky and 

8 elsewhere. It's not certain, however; how coal is 

9 going to play this role. This expectation on the 

10 part of the Energy lnfonnation Administration takes 

11 into account conservation, ittakes into account 

12 renewals, and it still comes to the conclusion that 

13 in this country we're going to have to continue to 

14 rely on coal. And if we're going to do that we 

15 have to develop the best technologies for using 

16 coal and Cash Creek represents lGCC" integrated 

17 gasification combined cycle, \vhich is. again, the 
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it' .. 'd 

18 most advanced and cleanest way to usc that coal. 

19 IT we don!t use coal in the United 

20 States \ve'll have to turn to other sources, 

21 increasingly probably to natural gas. \Ve all know 

22 ~ince 2000 how natural gas prices have tripled. 

23 i~low in the past few years it's gone lip to $15.00 a 

24 thousand cubic feet. If we can't find a way, as 

25 IGCC .shows us a way, to use coal cleanly and to use 

41 

the c(Jal to supply our energy ~ we're turning 

2 increasingly to natural gas and want to import more 

3 natural gas and \ve will then begin to rely on other 

4 countries, unstable, unfriendly in many cases for 

5 n~ltural gas aswe do now t()r about 55 or 60 percent: 

6 of our oil, of course. 

7 Soin SU111, we're very strongly in favor 

8 of the Cash Creek project because it advances 

9 i~tegrated gasification combined cycle. We think 

I. 0 that advances the economic interest of Kentucky and 

J 1 we think that it advances the ultimate energy 

12 policy, energy sectlrity policy in the United 

I. 3 Staies. Thank you. 

14 !'v1R. MORSE: Thank you, Ryan Zaricki, 

15 MR. ZARICKl: Hello, my name is Ryan 
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16 Zaricki. I grew up in Rockport, Indiana. I 

17 graduat.ed from Rose-Bulman Institute of Technology 

18 in Terre Haute, Indiana, \vith a bachelor of science 

19 in mechanical engineering and 1 lived out in 

20 Colorado for the past five years. But recently J 

21 decided to move home and 1 now reside in downtown 

22 Evansville, Indiana. I would like to talk to you 

23 about options. 

24 In theMjdwest~ we do have an abundance 

25 of coal reserves. Some say the coal reserves in 

42 

lliinois alone match Of exceed the oil reserves in 

2 Saudi Arabia. But with the transition into a new 

3 millennium, so too comes the transition to a new 

4 \vay ofproviciing fuel and energy to the people of 

5 our region, our country, and our world. In a 

6 presentation titled (i[lsification: The Enabling 

7 Technology James Childress states that the growth 

8 forecast for the coal gasification industry is only 

9 five percent annually, \vith only 19 percent of its 

10 output going towards power production. 

11 On the other hand, "\Vind power has been 

12 expanding rapidly, averaging about 15 percent 

13 annual growth over the last decade~ but nearly 30 

14 percent over the last five years." \Vind power has 
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15 $tcadily decl1ned in COS! since 1980, and it is 

16 ~uITent1y price competitive with other forms of 

17 power production like coal, ifnot cheaper. Along 

18 the same lines, the solar power industry is 

19 experiencing the same type of growth. According to 

20 fhe Solar Energy Industries Association, "Global 

21 photovol taic market growth has averaged a stunning 

22 25 percent plus annmil growth ()vet the last ten 

23 years,with worldwide grmvth rates for the last 

24 five years well over 35 percent." These numbers 

25 prove that while overall energy production t!'om 

43 

these sources is still minimal compared to 

2 ci:'mventional power production, they are growing 
I 

3 consistently and becoming a. force to be reckoned 

4 with, Oh, and did I forget to mention, wind and 

5' s91ar electric power creates zero emissions in the 

6 process, a truly clean option. 

7 Biofuels is another option that is 

8 rapidly building momentum., In 1999, total sales of 

9 biodiesel in America totaled about half of a 

10 rninion gallons. In 2006, less than ten years 

11 later, sales topped 250 million gallons, an 

12 iI)CrCaSe of 500 f()ld. 'I'oday, in Kentucky, Indiana, 
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13 Illinois, and Ohio, there are over 150 luilliot1 

14 gallons of existing production capacity. Also as 

15 of today, there are nearly 290 million gallons of 

16 additional production capacity under construction 

.17 in the same four M,idwest states. According to the 

18 National Biodiesel Board, if this trend continues. 

19 by 2012, the biodiesel industry \vill create nearly 

20 40,000 new jobs in an sectors and keep nearly $14 

21 billion in America that would otherwise be spent on 

22 foreign oil, much ofthi5 being diverted back to 

23 family farms which we all know need it now' more 

24 than ever. And this is just biodieseL Ethanol is 

25 experiencing the same type of growth. Imagine, 

44 

with existing infrastructure, we have the ability 

2 to grow our own fueL But you don't have to 

3 imagine, it's happening as we speak. 

4 Coal-fired power plants are not the 

5 only way to create new jobs in OUf area. Coal-

6 fired power plants are not the only vvay to bring 

7 economic prosperit.y to our area. Coal-fired power 

8 plants are not the only way to provide reliable 

9 energy for our future. 

10 Please, for the health, safety and 

II prosperity of not only current but also future 
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12 generations,! urge you to deny this pennit for the 

l3 Cash Creekgencration filCility and to consider 

14 other, tnlly clean options. 

15 The gentleman from Citrbondale and the 

16 gentleman fi'om Lexington and the genth;man who just 
I 

17 rpcently spoke, I \<vi11 have to admit 1 do 

18 ~nderstand, ldo believe what they are ~aying that 

19 IGCCis the cleartestavailable technology for 

20 burning coal into fuel, hut 1 also truly believe 

2] that clean coal is an oxymoron. No matter how you 

22 b'um it, coal is dirty. There are other clean 

23 options out there. And I urge you to, please. 

24 explore those other truly clean options. Thank 

25 you. 

45 

NIR .. !v10RSE: Heidi Krause. 

2 t\.1S. KRA USE: Hello, my name is Heidi 

3 Krause and I'm a resident of Evansville; Indiana 

4 aiid a former resident of Newburgh, Indiana~ 

5 My concerns about this plant are the 

6 saIne as VaHey \Vatch and of other concerned 

7 citizens against the Crash Creek plant. This plant 

8 will create more poor air quality than what we have 

9 nQ\v. Regardless of the fllcts the emissions are 
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10 lower, it still doesn't mean we will have any less 

1 t emissions. I'm asking for the good of lIenderson 

12 County, Vanderburgh County, WatTick County, and all 

13 and any other surrounding counties, please do not 

14 allo\\" this permit or this plant to be built herc. 

15 ivtR. 1VIORSE: Thank you. Bob (}ober. 

16 MR. GOBER: Thank you for the 

17 0PPOltunity to speak. ivly name is Bob Gober and I'm 

18 a resident of\VarrickCounty, Boonville, Indiana. 

19 The net gain of permanent jobs is minimal. It's 

20 too heavy of a price to pay with our air quality, 

21 No mattcr how low emission, thermal efficient this 

22 plant is, the t~lct is there's still pollution being 

23 added to our area. \Vith the EPA lowering for air 

24 quality standard, if this project proceeds, \Varrick 

25 COllnty~ Indiana will be crippled with 

46 

non-attaimnent problems. A few permanent jobs will 

2 have a greater negative impact on your northern 

3 neighbors, sped fically Warrick County. I 

4 respectfully ask you to not allow this penniL 

5 lViR. MORSE: 'rhank yOll. BoblY1essick. 

6 MR. N1ESSICK: Greetings, my name is Bob 

7 Messick from Newburgh, Indiana. I feel like Pm 

8 spe,lking to my neighbors in Henderson. As a 
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9 t1eighbor we sharetnany activities, \Ve have many 

10 similar interests, primarily we like outdoor 

11 activities, good health, dean air, and namely an 

12 environment in which we can raise OUf families. \Ve 

13 also have many activities that we have in com.mOIl, 

14 ,ve shop across the river from each other.'vVe have 

15 entertaimnent t11cilities that we both use. We like 

16 the festivals, the river activities we use, display 

17 the river, display the environment and keep it 

18 clean. \Ve share restaurants, we share educational 

19 facilities so that\ve can raise our families in 

20 this society in \vhich they can irnprove their 

21 quality of life, but most importantly ~ve share 

22 medical facilities. A single trip to Welborn is 

23 obvious the mnny problems are produced by the bad 

24 air that's here. Vve see asthma. \Ve see 

25 (~llergies. We see headaches. And we see a lot of 

47 

cancer. Very common. And I respectfully ask that 

2 this permit be refused on the basis that it really 

3 h~IS a net deficit to our environment. 

4 I worked for 17 years in the nuclear 

5 a\ltnissionindustry, the product was TA~ES 

6 (phonetic), which is the specter annual that we had 
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7 to hide, and as we all know from the news that we 

8 read, TALES are pretty hard to hide and they're 

9 going to be with us forever. The same holds hue 

10 for C02 in the environment TI1ere's no valid 

11 safety in performing the C02 to prevent future 

12 global warming. Thank you. 

13 tvtR. tv'lORSE: Thank you. \Vendy Bredhold. 

14 !viS. BREDHOLD: Hi, I'm \Vendy Bredhold 

15 and 1 live in Evansville. I'll just speak from 1ny 

16 heart because I haven't prepared anything. 

17 I don't know how many members of the 

18 Air Quality Division live or reside in this area, 

19 but ever sincetvlay of this year 1 think we've had 

20 at least a dozen, ozone in particular, alerts 

21 already. Ifs not even July. \Ve already have so 

22 many days in which we're told that sensitive 

23 population should stay indoors. And the sensitive 

24 population include children and active adults. 

25 \Vho's healthier than children and active adults? 
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And those are the people that are told to stay 

2 inside. (mean, it's a little surreal to be 

3 standing here and asking you not to allow another 

4 pmver plant in this area because we're already so 

5 overwhelmed with pollution that we're told to" stay 
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6 indoors for what is it going to be, all summer? 

7 And this is okay? Is it okay to be told to stay , 

8 il)doors all summer? Is that the way we want our 

9 c~1ildren to live? And how will our grandchildren 

10 live that way? 

11 I remember -- well, I grew up all over 

12 the country in the AirForce. 1 didn't grow up in 

13 this area. I never heard of asthma until 1 moved 

14 to Evansville, Indiana. J didnit know any little 

15 kids who had respirators or had to worry about 

16 flinning and gretting out of breath and being sick, 
, '-' " v ) 

17 And it's okay to live like this for a handful of 

18 temporary jobs? And theli \ve've got all these other 

19 people \vho want to build power plants here because 

20 for sorne reason it's okay_ It's okay tb do that 

21 here? 

22 Here on the front page oftoday's 

23 paper, Peabody looking to build another plant, 

24 they've got Edwardsport Who's ilext? Because 

25 \~etll allow it, while other parts of the country 
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say no. We don't want it. You do it. \Ve'll take 

2 the energy, as the gentleman said. It's okay 

3 here'? I don't think it's okay. And 1 hope that 
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4 you don't allow it. Thank you. 

5 l\1R.MORSE: Richard Stewart. 

6 !vIR. STEWART: Hello, I'm Richard 

7 Stewart. I'm a member oflocal181, operating 

8 engineers, f-lenderson, Kentucky, lIve worked in 

9 most every power plant in this area. I'm a father, 

10 grandfather, I'm in my fourth -- four and a half 

11 years recovering from smull cell carcinoma of the 

12 right lung. Scpternberthe 28th, last year, 1 had a 

13 heart attack; October 29th, 1 had a stroke. I've 

14 collapsed my left lung twice. 

1. 5 \Vhile recovering from cancer, 34 

16 radiations to my chest. 21 weeks of chemotherapy I 

17 never stopped working and 1 worked at power plants 

18 all over this country, Evansville, Princeton, TBA, 

19 IJallsville, Big Rivers at Sebree. I fought cancer, 

20 so far I've won. 

21 And \ve hear our brothers and sisters 

22 across the river in loud voices, pleasant voices 

23 talking about the particulates, clean up your own 

24 backyard. General Electric is the \vorst polluter 

25 in the nation. More particulates per million than 
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any other chemical plant in this nation. It's 

2 time. They know 'a lot. And r helped put scrubbers 
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3 011 at GR to take care of the pollution. People of 

4 Southern Indiflna, Northwestern Kentucky, do you-all 

5 realize what the kin ratio is from thety10unt 

6 V. emon GE plant if something happens seriolls; 35 

7 miles~ probably 70 percent I helped put scrubbers 

8. on in Gibson County, Petersburg, llalIsyiIle, 

9 S¢bree, TBA over the last fOllr and a half, five 

10 years while battling 111I1g cancer. January I 

1 1 started mv fifth veaf ofrccoverirlg from lung , ., .) 

12 cancer. 
. , 

13, I w()llid like to see Cash Creek built 

14 because of the coal gasification. It is going to 

15 b,c the cleanest thillg going. \Vcneed the power. 

16 Yes, this power might cnd up in California~ New 

17 Y ork, C~mada. 

18 I think in 1.997 there was a study that 

19 c~lll1e out that we needed 485 new povvcr plants put 

20 il)to production to maintain our present rate of 

21 round outs nationwide. So, yes, coal-llred power 

22 plants are dirty, nasty. but if 1 can recover from 

23 a ;killer working in power plants -- and 1 run heavy 

24 eCluipment. 1 get to play with the big toys. I 

25 p~ay with big cranes and big closers and about 
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everything else in between. I've got three 

2 grandchildren, five children and they live in this 

3 area. 

4 So we need the jobs and the power and I 

5 really -- TBA Power, I'm working at TSA right now', 

6 they've got 30 units. There is no telling on God's 

7 green earth where that power goes to. Rockport 

8 plant, that power goes to Chicago, Detroit, it all 

9 points north,\\'e've got 17 power plants and I've 

10 help put sC11lbbers on four or five of them so far 

1] this last four, five years and 1\"0 been fighting 

12 cancer and ['ll continue to fight and JIll continue 

13 to work at power plants. Thank you. 

14 MR. MORSE: Wallace McMullen. 

15 I'vlR.MCrvlULLEN: I'm \Vallacervld"1ullen~ 

16 energy chair of the Kentucky Chapter of the Sierra 

17 Club. Thank you tor the chance to speak. 

18 My comments, this plant will aggravate 

19 air quality problems. We've heard about the 

20 Indiana counties directly north of both plant 

21 locations, \Varrick and Vanderburgh, they're already 

22 non-attainment and point vertical. This plant will 

23 aggravate the already existing air quality problems 

24 there, Please note that both the \VarrickCounty 

25 Commissioners and Newburgh To\vn Board have passed 
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resolutions opposing Cash Creek due to its impact 

2 on the Warrick County non-attainment area. Nearby 

3 Evansville. as several residents have said, a 

4 Inetropolitan area with over 100,000 residents will 

5 also be seriously impacted by the proposed 

6 fllcility. 

7 Further, the EPA has tightened the 

8 ozone standard. When the standard is tightened to 

9 7{) or 75 parts per millioli from the current 84 

10 parts per million, \Varrick and Vanderburgh counties 

I 1 \vill be further from meeting clean air standards, 

12 and Duviess. County in Kentucky will be in 

13 non-attainment with 70 parts per million. 

t 4 Permitting this plant to pump 965 tons 

15 per year of carbon monoxide, 700 tons per year of 

t 6 NOx, plus volatile organic compounds, plus 

17 h~lzardous air pollutants~ plus sulfuric acid mist 

18 itlto the air hi this region is just making the air 

19 quality hole worse for these counties and their 

20 residents are already stuck down in. " 

21 This plant will be bad for human 

22 health. The pollutants this plant will emit will 

23 impair the air quality and have a negative impact 

24 on the health of people living within the affected 
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25 airshed. Pollutants such as NOx, SOx and sulfuric 
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acid mist, as \-velve heard, will aggravate asthma 

2 problems, tend to increase cases of cardiovascular 

3 disease and increase heart attacks, 

4 EPA's consultants estimate that the 

5 fine partial pollution from power plants shortens 

6 the lives of 745 Kentuckians each year. 

7 Kentuckians already have the second highest risk in 

8 the country of dying from power plant pollution. 

9 Statewide, the fine particle pollution fronl power 

1 () plants also causes 16,440 asthma attacks every 

II year, 998 -- or 798 of \vhich are so severe they 

12 require emergency r09111 treatment with associated 

13 loss of workdays and schooldays. 

14 Based on EPA data, each year therets 

15 110 lung cancer deaths and 1,000 heart attacks in 

16 Kentucky that are attributed to power plant 

17 pollution. l'he studies done by ABT Associates 

18 indicate that fOllr premature deaths pre year may 

19 result from pollution emitted by this Cash Creek 

20 plant alone. 

21 No one needs the electricity from this 

22 plant. Being built as a merchant; proposed solely 
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23 for the speculative prerrtise of the time it's built. 

24 they can seH electricity on the open market for a 

25 profit ERORA does nothave a defined servIQearea 
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cpntainingcustomers for this plant If it's not 

2 bililt, no one will suffer a lack of electricity. 

3 It will aggravate global warming. It!s 

4 going to put out three to four million tons per 
I 

5 year of CElrbon dioxide. Folks, thaes global 

6 w:,lnning pollution;' As global warming \vorsens it's 

7 already causing serious health and economic 

8 problems in the region. For one example the heat 

9 W'Hve. of 2005, killed 4,000 feed lotcattlcin 

10 Kentucky. \Ve've observed the disaster of llurricane 

1 1 Katrina strike New Orleans. 'vVe currently have 

l2 massive flooding in Texas. Vole watched Lake Tahoe 

13 b;uming down this year; 

14 The CUlTent proposal claims to be 

15 capture ready, capture this carbon dioxide but 

16 they're actually not going to do it. The proposal 

\ 
17 docs nothing to deal Wjtll the crucial question 

18 facing the entire coal industl)'. \Vhcther a large 

19 scale carbon sequestration can work and if coal can 

20 h~tve a future in a carbon constrained world. 

21 Kentllcky 11eeds jobs from efficiency and 
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22 from cleaner renewable engineering, not permitting 

23 more air pollution thml dirty coal power plants. 

24 Now, I have a 24 page letter ii'om our 

25 attorney with associated attachmcnts addressed to 
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you~ Ntr. lVlorse~ I assume you'd liked me to hand it 

2 to the court reporter? 

3 MR. f\.10RSE: Yes. 

4 [V1R. rv1CrvlULLEN: I also have a 13 page 

5 supplemental comment I've written myself which I do 

6 not propose to read through this lengthy rneeting 

7 and I'll hand these to the court reporter. Thank 

8 you. 

9 lvIR. MORSE: Tom Bodkin, 

10 I'vfR. BODKIN: Mr. Chairman. my name is 

11 Tom Bodkin. I'm an att0111ey from Evansville, 

12 Indiana. I'm counsel for the town of Newburgh and 

13 special counsel for the \Varrick County Commissions 

14 and I'm here and like to speak on behalf of those 

15 two entities and also for myself~ I'm a resident of 

16 Newburgh, In ['lct, llive about a thousand yards 

17 from the Kentucky boardcr. 1 can see it everyday. 

18 Recently the Conllnonwealth of Kentllcky 

19 issued a draft title V potential construction 
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20 permit to build a new coal.,;fired merchant power 

21 plant as we know called Cash Creek in eastern 

22 Henderson County. That. plant is approximately 16 

23 miles from my house and my town~ In thct, \veT} be 
I 

24 able to see the stacks from the power plant if, in 
I 

25 f:~ct, it!s built. Thcpermit allows them to 
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increase, as we understand them, various 

I 

2 pollutants. It will increase ait' pollution 

3 pl~oblems in: Newburgh and \VarrlckCountysince we 

4 are directly downwind Ji'omthose facilities. 

5 \Varrick County, as you've now heard, already fails 

(, to meet health standards for fine particulate 

7 nlatter and we're very near the margins for ozone. 

8 Ir~ fact, \ve've recently had several ozone workd,lYs 

9 as you've now heard and }'n1 not sure how nianv but I"": .. . . ,.;" 

10 s~veral, and those ultimately, if they continue are 

11 going to drive us into further non-attainment 

12 status. "Ve are now non .. attainment on particulate 
I 

13 matter.\Ve're very close to being non-attainment 

14 on ozone. If Ca.sh Creek is allowed to be built we 

15 believe that we will then be forced into a position 

16 of being non-attainment on ozone. 

n The town Newburgh and \Vanick County 

18 h,18 long, long f[lvored and approvec\ economic 
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19 development from a reasonable standpoint. I'he 

20 investment through the town and county 

21 infrastnlcture to allow for development has been 

22 massive~ in the tens of billions of dollars. But 

23 to promote economic development at the cost of 

24 degraded air quality is both shottsighted and 

25 frankly, ultimately, in no ones best interest. 
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Major developments will not locate in 

2 non-attainment areas. All we have to do is look 

-' across the river at Vanderburgh and \Varrick County, 

4 look at all the businesses who have not located 

5 there because they're nOll-attainment. They may 

() move l1Otth, but they're not locating in 

7 non-attainment areas. 

8 [1' this power plant is built we 

9 strongly believe that 11enderson County willlikcly 

10 becoIlle a non-attainment area itself, therefore, the 

11 believed economic development it would get fi'om 

12 this plant will, in fllct, not occur. 

13 There's additional incentives to 

14 protect and improve air quality as someone 

15 mentioned a moment ago, EPA recently has lowered 

16 the 24 hour PM2.5 standard. \Velre already not. in 
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17 compliance with that l\nd t~ey!ve indicating 

18 they're going to lower the ozone standard nom 85 

19 parts per biUionto about 70. 1fthat happens 

20 Warrick County will be in non~attainment for ozone 

2l {Is well. If the ozone standard is revised our 

22 quality -- airquaIity does not improve, then the 

23 n;tetropoLitan statically area, of which Henderson 

24 County is a part 1 might add, will ultimately f~lCe 

25 what we nICe in the \Varrick and Vanderburgh 
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counties in Indiana and that is tllture economic 

2 gt~()\vth \vill not only be stit1ed, it will be 

3 stopped, 

4 There arc a number of things we would 

5 request that you consider with regard to this 

6 proposal. \Ve ask that the Commonwe~llth of Kentucky 

7 v(~1untarily take the foHowlng measures to protect 

8 ait quality through our regi(jn. this is a region 

9 an of us, both in Indiana and Kentucky, call 

10 honle. First, require rigorous pollutant control 

11 at:1d reduction strategies~ require coaI~fired power 

12 plants to lltilize the most advanced technology 

13 available to capture carbon and control and/or 

14 reduce solutions of nitrous oxide, suI fur dioxide, 

15 volatile organic compounds and aU the other 
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16 pollutants consistent with the implementations of 

17 Clear Air Interstate Rule .2010, the'Clean Air 

l8 Visibility Rule .2015. The Clean Air Written Rule 

19 .2020. 

20 Secondly, conduct pre-construction and 

21 post-constl1lction monitoring to acquire data for 

22 ozone and Pl'v12.5 and to do it not only in the areas 

23 that are non-attainment in Indiana but also in at 

24 least \Vebster and Henderson County so that you have 

25 the necessary baseline to determine whether or not 
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this plant will, in fher, cause this county and 

2 your neighbors to the north to be further polluted 

3 and create further difficulty. We would also 

4 suggest that monitoring not be limited to new PS 

5 DSR sources. It should also be required to include 

6 any facility in those areas which actually or 

7 potentially emit a hundred tons per year of nitrous 

8 oxide, sulfur dioxide and volatile organic 

9 compounds. 

10 Lastly, \ve suggest that you should 

11 perf(xm air quality impact modeling specifically 

12 for the counties in the SMSA and those outside the 

13' SMSi\ that will be impacted by this plant. \Ve 
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14 believe that the average modeling should be 

15 perfonncd, in addition perform modeling for each of 

16 t~e individual facilities. I'vlodeling is not a 

l7 perfect science but \ve understand that it is the 

18 best predictive available alihis time. 

19 The town of Newburgh and Warrick County 

20 c(nnmissioners are the elected officials who 

21 represent electively some 60,000 people in that 

22 part of the world. The town of Newburgh has about 

23 4,000 citizens, the county has approximately 60. 

24 In 2001. the town of Newburgh adopted a tesolution 

25 regarding this power phmtand at that point 

60 

opposed it for the same reason they opposed it 

2 today, that is, \\!C do not believe it's been 

3 a~eqllately studied. 1 would request to entcr into 

4 the record the resoilition fl'om 200 I, for the to\VI1 

5 council of Ne\vburgh which I call Newburgh Number 

6 1.. 

7 Secondly, town council recently 

8 adopted -- I'm sorry it was number 2. Adopted 

9 mimber 1 the resolutionof2007-08, that resolution 
I . 

J 0 was adopted unanimoilsly by the town council on the 

11 13th of June again .opposing this power plant. 

12 \vill. ofler into your recorq \Varrick County 
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13 commissioners resolution 2007'-5, resolution passed 

14 in August of 2005, opposing this plant and the 

15 county cOlnmissioners again adopted that same 

16 resolution just recently in 2007 and I will offer 

17 that into your record as well. If I may. 

18 ~'lR. MORSE: Yes. 

19 i\1R. BODKIN: I've lived in that to\\'n 

20 roughly 33 years. This year, for the first time, 

21 we saw bald eagles flying do\vn the Ohio River. 

22 think that's significant. It may not -- has to do 

23 with air quality 1 submit to you because when I 

24 moved here you didn't find sparrows flying down the 

25 Ohio River. Gentlemen, please take into account 
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the resolutions representing some 60,000 people 

2 right on the boarder of this county just across the 

3 river. Thank you. 

4 NtR. MORSE: Thank you. John Blair. 

5 t'-AR. BLAIR:Iv1y name is John Blair. rm 

6 here representing the groupVallcy \Vatch which is a 

7 puhl1c health and environmental group. lts purpose 

8 is to protect the public health and cnviromnent of 

9 the lower Ohio River Valley. \Ve've been in 

10 business since 1981 and I would like to say that 
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11 things are getting better, but it seems like lately 

12 things may be getting worse. 

13 I. heard -- 1 overheard from the han a 

14 while ago when one of the people who are against 

15 this platH stood up and said they were an 

16 erlVironmentalist and somebody kind of derisively 

17 said tree hugger I heard in the hall. \\/011, you 

18 kllOw, there's nothing wrong with those trees to 

19 begin with and I'm nothere as a tree hugger, I'm 

20 h~re as ,} parenthugger; and a child hugger. These 

21 people are under assault by the air quality that we 

22 htlVe here regionally. And to prove that, in J 998 a 

23 study was done by the Tristate Partners for Health, 

24 \vhich\vas a business grollp connected with the 

25 U;niversi ty of Southern Indiana and they found that 
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a child with asthma was five times -- a child nine 

2 to thirteen in Evansville, was five to -- fIve 

3 tinles more likely to have asthma than his counter 

4 part in Fort \Vayne~ 'The reason for that is really 

5 Sil~1ple. \\le're surrounded by pc)\ver plants. Lots of 

6 po'wer plants. Three of the biggest power plants in 

7 th7 United States, the Paradise power plant, the 

8 Gibson power plant and Rockport power plant 

9 combined, I'm looking here as far as carbon dioxide 
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lOis concerned~· combined those power plants put out a 

11 little over 50 million tons each year of carbon 

12 dioxide, the principle greenhouse gas. All of them 

13 put out lots of carbon dioxide and, in fact, this 

14 plant will, too. 

15 It wasn't very well stated in the 

16 statement of basis as to how much coal they would 

17 actually bum .. 1 couldn't find that in the 

18 statement of basis so I'm taking an estimate from 

19 the Edwardsport plant which is the same size, And 

20 what they're saying in their filed testimony before 

21 the Indiana Utility Regulatory Commission is that 

22 they will be putting out four to five million tons 

23 of carbon dioxide each year. 

24 Carbon dioxide is a direct impact to 

25 our health. In fact, we breath it out every time 
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we breathe, but it is something that's going to 

2 cause us a great deal of problems do\vn the road and 

3 1 think that several people have addressed that 

4 aspect, includingl\tlr. Thompson who kind of made the 

5 statement more is less and used Gallagher as an 

6 exaruple and talked about dispatching of power 

7 plants and how this plant will actually save on 
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8 pollution because it's adding to the pollution. 

9 And Pm not quite slire how he figures that Cash 

10 Creek, a merchant pOvver plan:t that is selling its 

11 . power on the open market to certain people, is 

12 going to be able to replace the GalJagher plant 

13 which is owned by an investor owned utility "vith a 

14 d'efined service area that has plenty of pmver to 

15 meet their customers' needs, but in any casco 

16 1 think it's (:11so important to note 

17 tl\atJVlr. 'rhompson'~ testimony is kind of dri ven by 

18 something most people keep in our wallets,money. \ 

19 His group, the Cleatl Air Task Force, has accepted 

20 o~er three"quarters of a million dollars fr0111 the 

21 Joyce Foundation for one singular purpose and that 

22 is to prolllOte the whole idea behind integrated 

23 g~lsificati()n combined cycle power plants all over 

24 the midwest. YOll can't separate money from 

25 advocacy. Except in Valley Watch's case where we 
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0lwrate with an entirely volunteer staff and have 

2 for all but two years of the 25 years we've been in 
• : "" oe/ 

3 existence. 

4 As l'vls. Bredhold said, we've been --

5 \/cry eloquently I might add, we've been under some 

6 form of pollution alert f()r most of this nice 
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7 summer that we've had so t~lr. From rvlay 21 st 

8 through about the same time in June, June 21 st, we 

<.) were under one air poUution alert after another. 

10 Now, these air pollution alerts donlt 

11 get issued in Henderson because the EPA didn't 

12 follo\"! their own guidance whenever they designated 

13 counties as non-attainment Of attainment. The 

14 guidance that EPA has f()r issues of those 

15 designations is that every connty in the same 

16 lnetropolitan area be treated equally. \Vell, 

17 somehow or another because region four comes to 

18 Henderson, region five COInes to Evansville and 

19 separated by a river, that designation didn't 

20 happen and the metropolitan area, the standard 

21 metropolitan statistical area \vhich was supposed to 

22 be treated equally was not. So Evansville was 

23 designated, Evansville. Warrick County in 

24 particular were designated as non-attainment in the 

25 first round for ozone and fine patticles and then 

65 

we petitioned to get out of the ozone designation 

2 and we have improved our air quality somewhat in 

3 the region because of the NOx syp-cal which took 

4 place in 200 I and has been implemented pretty much 
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5 ever since. And we've been fortuIlate enough to get 

6 it. down to the design value now of 78 parts per 

7 million,l'm sorry 78 parts per billion as a design 

8 villue and compared to 11enderson which is 73 parts 

9 p~r billion and Davicss County, Kentucky 74 parts 

10 per billion. The EPA just issued a proposed 

11 standard last week and the range thatthey!re 

12 t~king comment on is from 70 parts per biUionto 

13 is partspt!f billion. But that kind of aligns 

14 something because their Clean Air Scientific 

15 Advisory Comniittee and their own scientific staff 
I 

16 h~ld recommended a maximum air pollution standard 

17 f~)r ozone of being 70 parts per billion because 

18 that is the place that health effects significantly 

19 start to occur when it gets to a certain leveL So 

20 here we are at 74 in Daviess, 73 in Henderson and 

2] 78 in Evansville and this plant is going to cause 

22 u~ all to go over, so this may be the last element 

23 that we have in any of this region and that's 

24 uhf0l1uIlate. 

25 Carbon dioxide, like .I said four and a 
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halfmiliion tons is an awful large amount of 

2 carbon dioxide, but YOll don't know -- and I'll go 

3 hack to ozone for a second. I'm sorry, I jumped 
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4 ahead, 

5 Ozone is one of the most significant 

6 issues that you have to deal with in this permit. 

7 but you Me Markin, you, Mr. J'vlorsc1 did not require 

8 them to even undertake an ozone analysis. That is 

9 one of the most bizarre decisions rve ever heard 

10 of: \Vhenever you have two counties just north of 

11 you that are struggling not to be non-attainment, 

12 of course you should have required an ozone 

13 analysls to determine what kind of impact this 

14 plant will have on ozone in those area. Why you 

15 didn't is beyond me. I think I know why you didn't 

16 actually. It's because you knew what you!d find. 

17 You knew that this plant would not pass muster if 

18 you allowed -- ifitwas built if you really did an 

19 ozone analysis. So you were completely derelict in 

20 your duty not requiring an ozone analysis in this 

21 pennit. And the statement of basis saying, well, 

22 it didn't have enough VOC is kind of disingenuous 

23 since the NOx syp-cal dealt with NOx, not with VOC 

24 and that's what brought llS down from being in the 

25 90 parts per billion level to the 78 parts per 

I billion level, in deed. 
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2 One man said, 1 think it was the guy 

3 from Lexington that works for the state of 

4 ,Kentucky, which we know really likes coal, they 
i .... 

5 rqly ort the severance tax for coal, the counties 

6 r~ly on the severance tax for coal and, you know, 

7 that g'ives a huge incentive for Kentucky to permit 

8 c<;>al-fired power plants because the more coal 

9 that's dug out of this state, the more money 

10' certain counties have locally. 

11 You tan hold that up. but 1 haveil't 

12 t::,llked nearly as long as John Thompson so fhe 

13 So, in any case. if we're talking about 

14 these incentives fc)}" state government and local 

15 government to promote coal, we understand why this' 

16 is happening, but it doesn't make it right,\:Vlult 

17 ypu're doing is basically wrong because you're 

18 t4legating the people downwind of this facility to 

19 ill health, to stroke, to heart attack, to cancei", 

20' and I guess you can work in these plants and get 

21 those things and still support it, but I don't 

22 quite understand the rationale for thinking that 

23 way, especially when coal is not the ans\ver to our 

24 energy problem, efficiency is. 

25 Kentucky has almost Iwefficiency 
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programs going. 'rhey like to talk about it and 

2 they throw a few bones here and there, but they 

3 don't -- they aren't taking anything seriously in 

4 Kentucky about dealing with efficiency. They 

5 certainly aren't dealing with renewable energy the 

6 way they should and conservation. There's no 

7 effort on the part of Kentucky that I can ascertain 

8 that's going out and telling the people in Kentucky 

9 ways and methods of being able to conserve their 

10 energy, to eliminate the need for additional coal-

11 fired power plants. you know and -- we know what's 

12 happening in eastern Kentucky, with mountain top 

I. 3 rcmoval it's the most insidious, despicable 

14 enVirOnll1Cnral and ecological collapse that's cver 

15 been done and somehow state government is allowing 

16 all that to take place. 

17 So it seems that these guys that want 

18 to come in here, \vant to come in here for one good 

19 reason, they've got almost nine hundred million 

20 dollars of GE money and hedge fund money to promote 

21 their dirty work. None of those people that 1 know 

22 of are going to live here, !\ttr. McGinnis or 

23 [Vtr. Schwartz Of any of these people are gOing to 

24 live here, They'r(~ going to be filf away. Probably 

25 resting in their resorts. counting the money as it 
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comes in. 

2 You know, we really do encourage you tC) 

3 t~ke another look and especially demanding Cash 

4 Creek do a thorough .ozone analysis because that is 

5 a glaring omission from this permit 

6 I have submitted testimony from Carol 

7 Overland~ as her personal representative,l've 

8 Sllbmitted testjmtmy frOIl1 Nleleah Gccrtsma, from the 

9 Environmental Law and Policy Center who wrote 

10 testimony for Valley \Vatch, the Sierra Club and the 
. . 

I 1 Environmental L,a\v and Policy Center and 1 hope that 

12 you \\1' ill take the time to read it. Thank you very 

13 much. 

14 .MR.MORSE: Gary Osborne, 

15 l\1R. OSBORNE: Good everting, 1\;1y name is 
\ 

16 Ciary Osborne and I reside in Owensboro, Kentucky. 

17 I'm the business manager of the lntcrnational 
I 

18 ~rotherhood Electrical workers, local 170 I and also 

19 tlW secretary/treasurer of the Owensboro area of 

20 building and constmction trade council. Our 

21 council has jurisdiction in nine counties in 

22 Kentucky, including IJcndersoIl. \Ve represent 19 

23 affiliate crafts, local unions, and approximately 
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24 10,000 working families. l\1any of our aftiliates 

25 have jurisdiction in Southern Indiana with a 
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portion of their membership residing in Southern 

2 Indiana. 

3 Our council strongly supports the 

4 construction of Cash Creek Generating Facility to 

5 be located in Henderson, Kentucky. The proposed 

6 630 megawatt integrated gasification combined cycle 

7 fttcility is the most advanced and largest 

8 gasiflcation project under development in the 

9 United States. This project would produce fewer 

10 air emissions, \vould use less water and be capable 

11 of providing power for 400,000 homes. Prior to one 

l2 shovel of dirt being turned on the project the 

13 developers of the project has made a substantial 

14 commitment to the communities of Southern Indiana 

15 and Western Kentucky. 

16 First, the project was completely 

17 redesigned moving away tl'om the standard coal 

18 burning power plant to an IGCC fllCility for the 

19 sole purpose of reducing emissions to our 

20 communities. This commitment added millions of 

21 dollars to the cost of the facility bUl was decmed 

22 nccessary by developers in order meet the demands 
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23 of the citizens. This will be the cleanest IGCC 

24 plant in the United States. 

25' Secondly, the project owners have 

71 

committed to the USe of a local construction work 

2 ti~rce by entering into project labor agreell1ents 

3 with the local building trades. By entering into 

4 such an agreernent, this will prove to have a 

5 tremendous economic impact in the regiori. The 

6 agreement means several thousand long-term, high 

7 paying constructionjobs for the local construction 

8 work force. It means career opportunities for 

9 local YOilth within the apprentice programs, the 

I 0 c~)}nmitment by the project owners also means that 

I] eVery construction worker who is employed on the 

12 project and also the ftlmilies will have healthcare 

13 insurance at a time when many families are losing 

14 their employer sponsored healthcare benefits. Jobs 
I 

15 t~at provide such benefits areimp0l1ant, not only 

16 to those families receiving the benefits, but also 

17 th:e local healthcare facilities providing the 

I. 8 services. 

19 It means millions of dollars pumped 

20 into the local market area weekly. These high 
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21 paying construction jobs, which is projected to 

22 peek at 1,200 to 1,500 construction workers, could 

23 pump as much as a million five hundred thousand 

24 weekly into our econofl1y. Plus the hidden benefit 

25 of hcalthcare dollars into the local economy. \Vith 

72 

no large construction projects locating in our area 

2 of \Vestern Kentucky in over 20 years these 

3 construction jobs are badly needed. Dollars earned 

4 in this community by citizens of this community 

5 stays in this community. Dollars made locally and 

6 spent locally turns over seven times in a 

7 communi ty. 

8 Not only will construction workers 

9 benefit, the local home builders, real estate 

10 market, local car dealers, banks, retail, sales, 

11 healthcare 1acilities. All businesses will benefit 

12 from this project. as \ve11 as local government and 

13 schools. Millions of dollars of tax revenue will 

14 come back to local government and, in tum, the 

15 citizens of the community will~ once again, benefit 

16 through increased tax revenues. 

17 Businesses come to states anymore with 

18 their hands out, selling out to the highest bidder, 

19 in most cases their only commitment to the 
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20· c()mmunity is to do what's absolutely necessary to 

21 receive their in.centi ves. On nearly every occasion 

22 thercis no commitment to utilize the local citizens 

i 

23 in the constmction of the projects. The project 

24 o:wners of Cash Creek have committed in writing to 

25 local construction work force. This is much more 

73 

commitment to our community than a majority of our 

2 local industry· has committed to either new or 

3 existing. 

4 Today the Cash Creek developers have 

5 not been offered one dime for tax incentives to 

6 locate to llenderson County or, for that matter, 

7 Kentucky. 110wcvor, they have comnliHed to spending 

8 millions of additional dollars to produce a much 

9 cleaner nlCility and have also committed to the 

) 0 utilization oflhe local work force. 

Il Third, the generation of electricity is 

12 I1~eded in our area. The \Vestern Kentucky area does 

13 n9t have an abundance of power available. The 

14 negative impact of such is a loss of good paying 

I 

15 industrial prospects that cannot even consider the 

16 \Veslcll1 Kentucky area for locatit1I1. \Vith the 

17 exportation·of our good paying industries to low 
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18 wage countries, there are very few opportunities 

19 for any area to land good manufacturing jobs and 

20 what fevv opportunities exist must not be lost 

21 because oflack of power availability. 

22 Kentucky is currently the third largest 

23 coal producing state in the United States. 

24 Kentucky must take advantage of their abundance of 

25 natural resources available. The location of the 
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Cash Creek plant in Henderson County will not only 

2 create I ,200 to 1,500 temporary construction jobs, 

3 it will also create 150 to 200 high paying power 

4 plant jobs and to operate and maintain the plant 

5 along with the creation of mine and mine related 

6 jobs which would also be high paying jobs. 

7 I would ask that you don't tum your 

8 back on the cleanest coal buming plant in the 

9 United States. Kentucky has the resource, \Vestern 

10 Kentucky and Southern Indiana need the jobs in this 

II area, the United States needs the power. On behalf 

12 of our metnbers we otTer our strong support and urge 

13 you to suppOli the project. Thank you. 

14 MR.l\10RSE: Ernest vVhitehead. 

15 lvtR. WHII'EHEAD: I'm Ernest \Vhitehead of 

16 Benton, Kentucky and we live in the lake area a.nd a 
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17 lot ofpeoplc have problems with breathing. We 

18 b~lieve that it's important to check the EPP caps 

19 on the web to look at the ozone and fjne 

20 p~lrticulate data~ \Ve've done that almost everyday 

21 for the last month or so. 1 really believe that 

22 f(!)f improving efficiency of power plants, 1 think 

23 the combined cycle idea is the best way, however, I 

24 aiso believe that to add efficiency you look at 

25 temperature entropy .diagrams to add feed water 
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heater open and closedtypes into cycles in order 

2 to improve efticiencies, and also .I believe that 

3 pe'rhaps ies best to oppose this just because at 

4 this pOiYlt in time we just have too'many 

5 pa'rticulates and too much ozone and an additional 

6 power pl~nt, I. feel, would be completely 

7 unwarranted and that concludes my comments. Thank 

8 you. 

9 MR.~10RSE: Thankyou. Corinne 

I 0 \Vh ite head. 

11 MS. \VHITEHEAD: I am Corinne \Vhitehead, 

12 president of Coalition for TIealth Concern. 'T'his is 

13 a ilonprofit environmental advocacy organization 

14 founded in "985. 
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15 On behalf of the members of the 

16 Coalition for Health Concern in Kentucky and 

17 Southern Illinois, we take this means to express 

18 our opposition to the construction and operation of 

19 the Cash Creek plant. Please place our comments in 

20 the record. 

21 Until Kentucky takes action to control 

22 the smog and acute air pollution, which is 

23 partially attributed to coal-fired power plants, no 

24 additional coal-fIred plants should be built in 

25 this state. The cost are acute. 
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Kentucky docs not have a po\ver 

2 insufficiency. Kentucky must not assurnc the health 

3 damage and cost for power that is to he exported to 

4 other regions by merchant power plants. 

5 The health of Kentucky citizens and our 

6 neighbors across the river, trumps the excuse for 

7 additional power plants. I'll give an example of 

8 what we know about a person, a Catholic sister in 

9 our county became ill, the doctor did x-rays and 

10 asked her how long she had smoked. Her reply was 

I 1 never. Her lungs were described as those of a 

12 heavy srnoker. She died. Another friend of long-

] 3 standing has to have oxygen at home full time and 
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14 \y:hen she leaves her home. It's ridiculous to go to 

15 a ,restaurant and see people with portable oxygen 

16 and it's all because of the pollution and the crud 

l7 iri the air. The increase in asthma attacks among 

1.8 y<;mngsters has increased dramatically. 

19 'I'he visible smog has increased over the 

20 past four or five years. fvlany days the visihility 

I 

21 is dramatically impaired when one tries to even 

, 22 look across Kentucky lake. A remote sensing $tudy~ 

23 which I was a party to some years ago, was made on 

24 th:e effects of air pollution~ on the oak and 

25 hkkory fo~ests in our region, and the damage is 
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ex~ensivcand included in the ail: and down. 

2 In addition to mercury, anthracene~ and 

3 other pollutants, has the cabinet or EPA tested f{Jr 

4 radiation ih Kentucky coal? It is wel1-known that 

5 natural uranium is found in the Chattanooga shale 

6 fr~m the Ohio River east of the Appalachian 

7 .M.ountains. 'vVe feel that the draft pennit fhils to 

8 protect the citizens' health and must be denied. 

9 Thank you. 

10 MR .. MORSE: Thank you. Carol Oglesly. 

11 MR. OGLESLY:M.y name is Carol Oglesly 
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12 and I'm a resident of the greater Evansville area. 

13 Basically what I would like to say is 

14 very simple. I am a member of Valley Watch and I 

15 do strongly snppOlt their position as well as the 

16 Sien-a Club's position on this matter. 1 strongly 

17 encourage this community to deny the Cash Creek 

18 pm:ver plant. 

19 MR,rvlORSE: Thank you. Rock Emmert. 

20 IV'IR. EwiMERT: Thank you. My name is 

21 Rock Emmert and I appreciate the opportunity to be 

22 invited, first of all, as a resident of lndiana. I 

23 live up in Dubois County, it's about an hour and a 

24 half drive down here. I'm on the southern edge and 

25 I'm a teacher at Forest Brook High School, an 
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English teacher. 

2 And first of alL I'd like to say that 

3 this -- there's been a little discussion tonight 

4 about the Indiana, Kentucky thing and it's about 

5 us. \Ve're all in this together. Lllinols, every 

6 region in the world that has this sort of issne 

7 going on andl think that's a point that needs to 

8 be stressed of -- if you look at the globe from a 

9 distance we're one little spec on this planet. 

10 \Ve're all brothers and sisters. J have close 
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] 1 ~riends in Kentucky and relatives in Lonisvilleand 

12 I' understuI}d this company is based in Louisville,I 

13 l?elieve. 

14 But, anyway, I grew up in Ferndale 

l5 (phonetk),I'm 45 years old, been teaching 24 

16 years. 1 went away to grad school in Vermont and I 

17 thonght I was -- 1 graduated near the top of llly 

18 class and I thought I \vas pretty intelligent and I 

19 thought I was pretty aware alld I gel to New England 

20 \vhere they have f~lirly strict laws and J realized 

. 21 that Ollr i'cgiQO of the country is, what's the word 

22 I 'want to use that's kind. They call Southern 

23 Itldiana hicks and 1 hear that all the time; 

24 Kentucky, you know, the Indiana, Kentucky jokes and 

25 1 ithQught, well, they're just talking. Well, 1 

79 

staI1ed to do m.ore scientific research and l·do 

2 thInk that our region of the country is a laughing 

3 stock ofa good portion of the country and I'm a 

4 pati' of th~lt. I'm very much a part of that. 

5 As an English teacher I also have a 

6 profound respect for science and the preponderance 

7 of evidence is that what we're doing to our area 

8 juSt doesn't make any sense for the long tcnn. And 
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................................................... _--_._ ........... , .. _ .......................... __ ...... _--

9 I respect the need for jobs, but I've got to 

10 bel ieve that we can create jobs, all of you in this 

11 rOOlll, we can create jobs for all of llS in this room 

12 and all of our families that's clean and that makes 

13 sense for the long term. 

14 John suggested at a meeting I attended 

15 recently, most of us eat food that travels over a 

16 thousand miles from a grocery store. \Ve live in 

17 the inos! fertile part of the United States, the 

18 green belt, \ve have all this land and what if we 

19 use some of our construction skills to build huge 

20 greenhouses and the existing coal plants divel1 

21 some of that heat in those greenhollses in the 

22 winter and become the produce capitol of the United 

23 States. 'falk about jobs and income and reputation, 

24 and dealing with the global warming question. I 

25 mean thatls just one suggestion, And.l don't know, 
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Pm not a scientist I'm not in politics, I don't 

2 know all the studies but I think we can do better. 

3 And another coal plant, even this 

4 method, as so many people before me said just 

5 doesn't make sense, especially when we don't need 

6 the energy here. Solar, wind, as we're driving 

7 across the bridge at Ovvensboro a while ago looking 
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8 O~lt at that river, and I was up in Niagara Falls a 

9 couple weeks ago,wehaye power right here in this 

10 river. And I don:'t krlow much about hydroelectric, 

11 what that would do to the environment but, man, 

12 tilat river is moving 2417, the sun is shining 

13 2417. And welre not the greatest wind area of the 

14 United States, but we have some wind and it could 

] 5 offset some of the -- if we had (l hearing on wind 

16 Versus solar and hydroelectric. electric or other 

17 means I'm just curious if we here in this part of 

18 the country would have the tumout that we have 

19 tonight. 1 would hope so because I think thG 

20 direction of the world is moving in that 

2 I direction. 

22 And Toronto's headlines on TV when J was 

23 up there said they're reducing thei.r coal platlts in 

24 the entire Province of Ontario fi;om four down to 

25 zero in ten years .. I mean, there's a picture on 
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th? TV of one of the giant stacks come crumbling 

. 2 d(1wn. One of my friends \vho was with me, said, 

3 "qh, my God, I've never seen anything 1 ike that 

4 before in my Ii fe." But tluH's their goa] within 

5 ten years to have it down to zero and it just 
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6 strikes me a little behind the times for us to be 

7 here tonight. And 1 appreciate everybody's 

8 concern, but 1, for one, am of the opinion that 

9 this is not wise for the long-tenn. It's going to 

10 create short-term jobs, we've heard that a lot 

11 tonight. 

12 Texas had nine coal plants in the works 

13 and that project was recently bought out by a solar 

14 and wincl firm and I donlt know all the details 

15 about it, but that was headlines in the news about 

16 a month ago. And the governor of -- or the mayor 

17 of either Houston or Dallas fought the coal idea 

18 and she, with a lot of other people, won, and 

19 they're using renewable resources, And that, too, 

20 creates a lot of jobs, 

21 I think we need to get with the rest of 

22 the enlightened people on the planet and use our 

23 energy in our schools. in our resources, our great 

24 colleges in Kentucky, Indiana and lliinois and 

25 start looking at -- it's not going to happen 
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overnight -- but start looking at something that is 

2 long-tenn for our children and our grandchi Idrens' 

3 sake. So 1 would strongly urge all of you who have 

4 the great responsibility of making this decision to 

Cash Crcek 
V-07-017 

page 152 or 179 



5 keep that in mind, And great respect for everybody 

6 w:ho's spoken before me, too. I. know this is a 

7 difficult issue, So thank you. 

8 lVIR. JvlORSE: Gary Brown. 

9 lVIR. BRO'vVN: Good evening, I'm Gary 

10 Brown. 1 live in Daviess County. I've been on 

-v 

II this planet about haIfa century and J've spent . 

12 h~ilf of it one mile growing up next to a power 

] 3 plant. The other halt~ I think I've probably lived 

14 \~ithin 30 miles of nine other plants. I'm pretty 

15 h~althy. Pm not going to say that they're the 

16 best thing in the world. You're not going to have 

17 clean energy, it'sjust not p()ssihleor it'sjust 

18 impossible; hut we have an oppottunity~ this could 

19 be the point where we become the leaders. \Ve're 

20 wanting to build the cleanest advanced technology 

21 power plant in the country as far as coal burning; 

22 11R.lVIORSE: Mr. Brown, face the com1 

23 reporter. 

24 ·MR. BROWN: I'm sorry. I'he only other 

25 0pp011unity is some people mentioned wind, well, 
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th~t might work in Kansas and other places, but I'm 

2 not too sure about here. They mentioned hydro. 
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3 Okay, \\lell, let's build a dam down below Evansville 

4 and watch the rest of you people from Indiana move 

5 to Kentucky where it's a little higher ground 

6 because you'll be basically flooded in that area. 

7 So anyhow, we're talking about the cleanest burning 

8 power plant in the country. 1 think it's an 

9 opportunity and I justbeheve it's an opportunity 

lOwe can't pass up. It's not for economic reasons. 

11 These other plants that we have in this area are 

12 not going to continue to run. Most of them are as 

13 old as I am. 

14 The gentlenlan from Carbondale mentioned 

15 Gallagher, I'm not sure where it's at, I believe 

16 it's in Indiana somewhere, but he mentioned 80 

17 hours of reduced generation would equal the 

18 emissions of what this plant \vould put out for the 

19 whole year. Well, that's pretty significant. If 

20 we can eliminate that and Rockport and -- welL 

21 Gibson is doing their thing as far as putting in 

22 the scmbbers up there, but they're not quite there 

23 yet, but now that I've mentioned these three plants 

24 here, they happen to all be in Indiana, 1 think as 

25 one other guy mentioned, clean up your own 
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1 backyard. And if anybody pays any attention to 
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2 which direction the wind blows and where the 

3 weather comes, it comes from the southwest going 

4 northeast. \Vell, I live directly in line with this 

5 plant. I'm fixing to build a home for Illy five, 

6 seven and ~velve year old girls al1d it's going to 

7 be directly in liue with this plant, does it bother 

8 111e, well; you Blight think I'm going to be ignorant 

9 because I'm saying no, because I'm used to being 

10 around power plants. However, the point 1'111 trying 

II to get at JS that we do have fin ()pportunity to be 

12 leaders in the world and not the laughing stock, 

13 you know, \Ve can send a message to everybody else 

14 in this county that we're building clean power, as 

15 cletll1 as possible. 

16 But I arn also curious to know, had ff 

17 lot of people speak up here, seems like most of the 

18 people that are speakingare in opposition and a 

) 9 .lot of us construction \-vorkers are not exactly 

20 speakers, S() I'd just like to know, people that 

21 ate in favor of this plant would you please raise 

22 your han(i. Thank you. I think that's a 

23 significant number right there in itself. 

24 And to close this, like I said, I'm not 

25 r~allya speaker, but Pm also not exactly 
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uneducated. [have over 22 years of education and 

2 training, a couple degrees to go along with that. 

3 So thank you for your time. 

4 iviR. iVIORSE::'Thank you. Carly \Vatson. 

5 W1S. \VATSON: I've already spoken. 

6 MR. IV10RSE: Oh, you signed in twice. 

7 ]VIS. \VATSON: M,aybe somebody signed me 

8 in by accident. Can 1 bring up waste water? 

9 l'vlR.ivI0RSE: I didn!t hear the question. 

10 [\.tIS. \VA'ISON: [said can I bring up 

11 waste water? 

12 iviR. MORSE: If you'll speak to me ailer 

13 this hearing I'll be happy to direct your C01nmcnts 

14 to the appropriate party. 

15 MS. \VATSON: Okay. 

16 MR. MORSE: Ben 'Taylor. 

17 IV'lR. TAYLOR: Good evening. l'vIy name is 

18 Ben Taylor and 1 live in Daviess County. the 

19 village of Maceo. 

20 I want to, to save time. I want to 

21 speak about my concern about global warming. 

22 Although the design of this plant makes it 

23 theoretically possible to sequester C02 emissions, 

24 there's no proposal that will actually do so. In 

('ash Cn:ek 
V-07-017 

page 156 of 179 



25 fa:ct, it's yet to be demonstrated that C02 

86 

I" seL]uestrationis either technically feasible or 

2 eC(lllOmicaHy viable. The dangers posed by burning 
! 

3 vast quantities of fossil fuels are well 

4 established scientifically and by 110W is nuniLiar 

5 to ~most citizens. \Varmer temperatures, melting 

6 gl~ciers, reduced snow cover in n<>lthern 

i 

7 lat:itudes, thawing penllafrost \vith the accelerate 

8 re~ease of large amounts of heat trapping methane 

9 gas, rising ocean levels witb extensive coastal 

. [0 'Hooding, disruptions of agriculture, loss of 
" ) 

11 eI~tire ecosystems as well as the extinction of 

12 n~lmerous individual species," more damaging 

13 h~Jrricanes and tornadoes, and the spread of topical 

14 di:seases and pests into formerly temperate regions 

15 are all part of the global warming scenario 

16 d9scribed in scientific literature, popular books, 

I 

17 ar~d one Oscar.,winning documentary fHm. 

18 Although the globalwanning scenario is 

19 by now rather familiar, we must admit that we can 

20 s~arcely imagine or predict the full extent of 

21 economic harm or ecological destruction. Unless 

22 mankind, led by heavy emitters of greenhouse gases 

23 like the United States. can make drastic reductions 
i ' 
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24 in emissions, the eal1h will be unable to avoid the 

25 most serious consequences of global wanning. H's 
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impossible to predict all the consequences and the 

2 potential for unforeseen disasters due to 

3 interaction between novel geophysical conditions 

4 and greatly stressed biological systems seems to be 

5 unacceptably large. \Ve're wandering into uncharted 

6 territories. \Ve only have one earth to destroy. 

7 Once it is cooked, we are done. Personally I 

8 prefer the adoption of policies that move us toward 

9 the sustainable use of resources. Thank you, 

10 l\1R. lVI0RSE: Thank YOll,iV1r. Taylor. 

11 That concludes the list of people who indicated 

12 they wish to speak tonight Is there anyone else 

13 whom would like to speak now? Come forward. 

14J\;lR. WEYER: Yes. I'd like to give 

15 everybody a little heads up on who I am, my name is 

16 Cliff \-Veyer from Southern Indiana up in Dubois 

17 County. I'm a land owner in a couple different 

18 counties up that way. 
\ 

t 9 I am cUlTently living in Vermont right 

20 now. and I'm a teacher of sixth. seventh and eighth 

21 grade students in middle school and I can clearly 
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22 s~y that 1 used to be in an audience like this; 

23 totally differel1t spot from where I am nOw, 

24 Through my course of studies at Indiana 

25 State, 1 have learned an immense amount of 
I 

88 
\ 

information on technologies that are relat~d to 

2 al~ernatjve energy. And in Vermont they don't 

3 think twice about objecting to something like 

I 
4 thIs. They have a difTerent mentality than 

5 \\lvsterns, midweslerns I found out. 

6 \\1hen 1 took this job, as a teacher at 

I 

7 Sduthern Vermont I was asked to teach the kids 

8 al~ernative energy. Now, right no\v China is one of 

9 thb leading countries in industrial growth. They 

10 hiWe many, many, many more dirty power polluting 

I 

11 p'ants than we do here, and they're looking for two 

12 st~tes to help them out of the United States, mit 

13 ot' all 50 states, they're asking California t{)r 

14 hylp to cleanup their coal plants and also 

15 Vennont. So I think that the position I'm in, 
f 

16 bbing from the area, leaving, living in Vennont, 

17 breathing the clean air, should be taken into 

18 c6nsideration, 

19 I really would appreciate ifvve cqn 

20 ta)<e some of this energy in this room, in this part 
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21 of the country and tunt it into something that can 

22 help foster education of the masses, try to get 

23 people aware of conservative energies. There are 

24 many, many more solutions. 1 just read this week 

25 about a company, they are in Canada, they have a 

89 

900 acre solar panel fann they're starting. 900 

2 acres. That's avery, very small amount of land 

3 compared to what's here. You've got options, there 

4 are other ways. There are many other ways. 

5 I \vould also like to enlighten some of 

6 you, I \vill guarantee that a very small percentage 

7 of the people in this area. this room know,about 

8 this. I'm using 75 percent of renevvable energy in 

9 Vennont. 75 percent of my electric bill every 

10 month comes from renewable cow pow, 'rhe hlrrns in 

11 Vermont, the dairy farms in Vermont are extremely 

12 small compared to what we have here. Very, very 

13 small. This is just one option. One option. Take 

14 some of yonr [anl1s in the local area, give it a 

15 try. Therels government help out there, There are 

16 other options that will use less detrinlental, I 

17 guess, properties. Give it a thought. 

18 ['ve been the construction worker,my 
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19 family owns a huge i huge company, I've been there, 

20 ltere sittinn in this room 1 would like to make yOU 
I 0 .,' .,' .' '0" 

2) a~are that construction work for this project is 

I 

22 t~mporary. It's a very short project according to 

23 h6"\1 long you might be working. 

24 'Ihat's about aliI have to say. I want 

25 t9 thank-'everyone for gettin.g up here and speaking 

90 

3ttd I'm really glad to be here, as! didn't even 

2 kz10W this was going to occur. I'm just from 

3 V fflllOnt for a very short tirne. Thanks. 

4 rvtR. ~/IORSE: Frank I'ravatto, you've 

5 indicated you "van ted to speak. 

6 MR. TRAVAT'IO: Yes. [vly rHltTIC is Frank 

7 Travatto. I'lll a member of local 40 boilermakers 

8 E(izabethtown, Kentucky. 1 live in lIenderson 

9 C6unty. ( have two young sons, nine and five, that 

lOgo to school in this area. I've lived here most of 

II Hiy life. I think as long as this plant meets the 

J 2 l:':p A guidelines as far as safety and other issues 

13 that it should be built to create jobs in this 

14 ar;ea. I've worked all over the coun try, I've heard 

15 tl~ese people in the Evansville area. I have worked 
I 

16 a( Rockport, \Varriek, Gibson County and the work 

l7 that we do we are exposed toa lot of these 
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18 asbestos, fly ash that has lead, nickle, a lot of 

19 safety things that ran in on these outages. 

20 Someone has to do it. \Ve use safety guidelines as 

2 t far as we can to get by with them, but \velve been 

22 up in it and so has all my life. 

23 I am in favor of this plant and that's 

24 all I have, sir, thank you. 

25 lVIR.lVI0RSE: Thank you. 

91 

MR. VANDIVER: My name is Garland 

:2 Vandiver. I've lived in Henderson County almost 50 

3 years. 

4 rv1R. rv10RSE: Sir, \vould you spell the 

5 last name for our repotter. 

6 MR. VANDIVER: V-a-n-d-i-v-e-r. I'm 

7 ,for the plant. llenderson County needs the work for 

8 economical reasons. People from Evansville and 

9 Newburgh are saying they're downwind from this new 

10 IJlant, most weather maps I've ever seen the wind 

II blows west to east, not north to south or south to 

12 north. And I hope that somehow that -- I'm getting 

13 too old to work in construction, 1 may give it a 

14 try, but for kids that are growing up here in this 

15 town, we need some more things to keep them here in 
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16 this part of the country. Thank YOU J sir. 

17 lVIR. MORS~: Thank you. Is that 

18 c:veryone then. 

19f'vlR,f\1CCORJ\1.ICK: I won't keep you guys 

20 ~ery late. I've got to be in the power plant in 

21 tIle .morning, in Newburgh as a matter of fact. Adam 

22¥cCormick. 1 say from the young people's 

I 
23 s~andpoint, this power plant is going to be a good 

24 thing for this area. I have a 97-year-old I ... • 

25 grandmother that lives five miles from the Big 

92 

River Power plant. She'sstiH very active. You 

2 kl)OW, we can all come up with scenarios where 

3 e~erybody is a statistic, you know . 

4 M R.MORSE: Give us your name. 

5 MR. MCCORf'vnCK: Adam McCormick. Ijust 

6 th'ink this thing, this powerplantwould be a good 

7 th\ng for this area. ThaC~ all I've got Thank 

8 ydu. 

9 .wlR. MORSE: Come on up. 

10 MR. ARNOLD: My name is Jim Arnold. 

1.1 li;vre in Vanderburgh County. I'm a boilermaker by 

12 t~ade for 30 years in December. The joba 

13 bpilcrmaker does, like other brothers and sisters 

14 i~ this room, "ye build pollution control equipment~ 
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15 SCRs, precipitators, scrubbers. \Ve got done 

16 building the SCRand a scrubber on unit 30, 

17 powerhouse stain plant. Also, the plants in Big 

18 River systems have put in ne\v pollution control 

19 systems. I'd like to know, that this study that 

20 the other group was talking about, how old is that 

2] study? Because it should be updated. By us 

22 putting in these new pollution control systems at 

23 these power plants, itshould help the quality of 

24 alr. 

25 And one more thing, rm in favor of 

93 

Cash Creek. Kentucky has got a chance to show the 

2 nation, the commonwealth does, to show the nation 

3 that we are involved in clean air environment So 

4 I am in favor of this power plant. Thank you. 

5 MR. MORSE: Thank you. 

6 M.R, \VEST: Hello, my name is 'fim \Vest. 

7 I work at the Big River facilities and just like 

8 the other gentleman said earlier, we spent millions 

9 of dollars on pollution control, NOx reduction, SOx 

10 reduction, it's a daily factor. I've heard all 

11 these things about the air attainment in \Varrick 

12 County right across the river. 
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I 

13 I \-vas a voungdhild at the tiinc hut I 
., , I 

I 

I 

14 r~me111ber when they ~llilt a powerhouse on this side 

i i 
15 of the river and the In~liana bat was on the I .: ..' . 

I 

16 e?dUilgered species lisr 1 guess once they moved 

! I 
17 tHe p()\:verhouse ~cross the river they grilled that 

, . I 

18 I~(liana bat, maybe, sd 1 think that .rv1ayor 
I . 

. . I 
I ' 

19 Weinzapfelacross theiriver -- but I heard a lot of 
I . I 
I ' 

, I 

20. P?oplesay you can1t g~t industry in Indiana 
I i 

21 b6cause of the air attainment. but I don't know if I . . I ' 

22 y~u're buying, orsellin!g, but I'm for this fire 
I : 

23 lIbuse on this side of t~e river Kentucky style f()r 
t ~ 
, I 

24 j~bs and economic deyelopment. And thflt'S alll've 
t· \ 

2 5 g~~t to say about that. J'hank you. 
I 

i 
1V1R.l'v10RSE: thankvou. 

I -' 

i 

94 

2 M R~ B URTON:i My narne is Truman Burton 
I 

i , 

3 an~ I'm a resident OfO~1io County aI1d I live about 

I. i 
4 fO~lr miles downwind f~om the Kansas power plant, 

i : 
i : 

5 been there two decades!, I also live about 20 miles 
i I 

6 of!thtee other powerho\lses. One thing that kind of 
: I 

7 stl{ICk me here about tl~is meeting is looking at the 
! I . 
I I 

8 cross section of individbals that make it up. 1 
I : I. 
I ,: 

9 \Vt~nt to remembc~ as a ~oung child listening to John 
: : I • • 

I i 
1.0 K9nnedy say, youkn()\v, "ask not what your country 

. . I 
I I 

i I 

I 1 ca!n do for you, but whht)/oll can do for your 
i . I 

I i 
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12 country." And that's'why 1 support the new 

l3 technology that goes into this plant and 1 supp011 

14 building it. Because I feel like along with other 

15 ncw technology on the renewahle wind and solar and 

16 other research, [ feel like that the ncw 

17 technologies of the future is what will bring us to 

18 future energy independence and vvill bring our 

19 soldiers home from Iraq, which is a high priority 

20 with me right now. and it possibly could avoid 

21 future war, major war that involves a lot of 

22 different countries. I think new technologies in 

23 our future, like this plant involves, can give us a 

24 chance to avoid some of the things that could go 

25 wrong in our future. 

95 

1 appreciate your all time and for 

2 listening to me and 1 hope that you'll have God's 

3 speed in looking at these different issues that 

4 come before you and that you'll make a decision 

5 that will be good for America. And I'm wi !ling to 

6 sacrifice, if possible, risk to my family and me by 

7 living around powerhouses and supporting nc\-\! 

8 technologies that comes along to help us get out of 

9 our energy problems. Thank you. 
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10 l'vfR.MORSE: Anyone else. 
I i I 

1 t I ~vlS.tvlAR.K: rim Carol I"lark. rm a 
I : 
i i! 

12 tesidentofDaviess C~unty. I'm a liative of I ,I 

13 ~iagara Falls. New Y~rk. We used to be,although 
I 1 
1 1 

14 1'6 not sure right nowl, but \\leused to be the 
I· I 
! ! 
, t 

15 hydroelectric po\ver c~lpitol of the world. And 1 go 

: I 
16 hbme occasionally to ~ee my friends and one of the 

I 'I 
I 'i 

17 tHings that the/vc frightened about most is a 
I i 

18 tclrroristattack. We tailkedabout air quality and 
i i 
I ;' 

19 jobs, but no one has eyer said with so much 
. i i 

20 c?ncentrated electrical power in this area, hoW' 

i i 

21 niuch of a risk are we involved .in in tenns of a 
i . 1 

: ' I 
22 terrorist attack. 1 live ~vith that everyday of my 

I 1 

I ! 
23 life. My son works inlLondon, England .. and today 

I ' 
I I 

24 they found a bOll1b, I. 1ive with that everydqy. So; 
i I 

25 t~aes m'y concern. N0ibodyhas hrought that up. 
, I I 

! 

I 96 
I 
1 : • 

OIQe of the people herelsaid there were 17 pm,ver 
I I 

2 pl?ntsin this area:. 'No~ a bad sight f()[ somebody 
! I 

3 wl~o wants to take on ai lot of energy that's g()ing 
: I, 
I ,I 

4 to !go to California, in ~1ichigan, Chicago,just 
I I 
I ! 

5 think about that, that's i1 thought. It's not to do 
1 '1 

, I 
6 wirth air quality, altholl~b "ve may end lip with poor 

I i 
7 ai~ quality if we get nu~cd, 

! 'I 

i 8 
i 
I 
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·9 tvlS. LA TIIAM: My name is Susan Latham~ 

lO L-a-t-h-a-m. 1 live here in Henderson and I work 

II in the healthcare field here in Henderson. 

12 It saddens me greatly that we do not 

13 have any children in this room that suffer from 

14 asthma and that \vill continue to suffer and suffer 

15 more and we will have more children added to that 

16 number right here in Henderson. There is a huge 

17 burden on the doctors in this county because of 

18 problems that we already face. And it's been in 

19 our paper that we are the unhealthiest or the 49th 

20 unhealthiest state in the union. It just blows me 

21 away that \ve do not put that as our top priority 

22 when we consider this. 

People that say that they think it's 

24 great that this company is here because they have 

25 conunitted to union workers, you can scc, visually 

97 

see why they are saying that. They are assured of 

2 a total base support if they say that that's what 

3 they are going to employ. People who can't figure 

4 out why thcy'rc not asking for tax breaks, they do 

5 not need tax breaks. 'This state docs not have laws 

6 that would keep companies like this out of our 
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I 
I 

1 , I 

7 st~te like other states h:ave. That's why they're 
I : 

8 
I' I 

coming to us, folks, bcpausc we have no way to keep 
I I 

9 thbm out. \Ve do not I~lake the laws because tor us 
I i 

10 h~alth.is not ourprior~ty. Thank yon. 
i I. 

11 !NIR. NIORSE: iOkay. If you've made an 
, ! . 

12 ota1 statement or not ~ou are still weIcOtlle to 
1 I ' 

1 J stlbmitwritten commdnts tonight After this public 

I :! 

14 hearing closes\v,e wo~tt be accepting official 
I 

15 cbnllnents.Yes. 
I i 
i NIR. COULTEk:f\1y name is David Coulter 16 
1 I 

17 '\lhd 1 live in Evansvillb. 1 know that ma,Y be a 
I I ' 

Ii' 
18 \~ord to somepe()ple ir1 this room. I'm an avid 

I 

t 9 tikhermart I like to fI~h, eat the fish that I 
I i 
I 'I 

20 c,hch but in Indi~l1la wb have fish consumption 
, I 'I' 

i I 
2] tl~lvisorv for every single surface water resource in 

i JJ ! 

22 n,e entire state .. EverJi creek, evclY river and 
1 ' 

,: ! 
23 e~ery lake in the enbrestate. And it comes as a 

i . ! 

24 rdsult of airborne merJurv that comes from all the 
I 1 ~ 

i i 

25 c(~al that is burned in the coal-fIred poWer plants 
i I I 
, I 

i I 

I i 
98 

I I 

all! through this region. i Y ou-.:tll got the same 
I l 

:2 pd)blem over here but you don't talk about it as 
! I 

3 m~ch. I submit to vou ithat that probably is the 
i " i 

4 m~st impOI1ant, Imean! aside from the air quality 

I 'I 
5 l1 '1 . 1 " . '1 . an!J everyt 1lI1g e se, m~rCUl)' IS a muc 1 more tOXIC 
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6 subshmce than ozone or S02 orNOx or any of the 

7 others. Mercury kills, It causes brain damage. 

8 It causes neurological disorders. And I car)'t cat 

9 the tish in Indiana because ofthe mercury. And, 

10 yeah, they're talking in Congress about trying to 

11 put some caps on things and trying to clean up the 

12 mercury and get it out of the air, but they haven't 

13 done it yet and I still can't eat my fish in 

14 Indiana. I don't know about you-nil herein 

t 5 Kentucky, I imagine the situation is the same over 

16 here. And it ain't going to get any better because 

17 mercury in your water is cumulative over time, just 

18 like PCBs, just like dioxin and all the other toxin 

19 substances that we kno\v about. So I really wasn't 

20 going to say anything but j f you want to have more 

21 mercury in your fish go ahead and build this plant. 

22 lViR.l'vl0RSE: Thank you. Okay. We're 

23 going to take the time to address all of the air 

24 quality related C0l111nents that we take home with liS 

25 tonight and the ones that are received during the 

99 

30 days of public comments preceding this hearing. 

2 When the pcnnit is proposed to the EPA, comments 

3 that were received and the response to the comment 
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i i 

4 w:ill be made av~~ilable: on our website, 
I . 

5 ~vV\V,AIR>KY.GOV and if you want to see me after to 
I 

I 
6 get that, I'll be happy tp write it down for you. 

7 It I will be available herlin the county clerk's 
I 'I • 
I ; I 

8 office. and at theiOwe~sboroRegional office. You I . I 

9 c.:{n also obtainitbv cJntacting us dircctlv at 
I J I '-' .. 

I i 

10 Sf2-S73-3382 ~rby nlamng a request to the 

II division for Air Quali1tv Permit Review Branch at I .' . ; ~ , 
12 8p3 Schenkel Lane, Ftankfort, Kentucky40601. 

13 I Tho~e of ~ou tllat are still with liS, 

I I 

14 tJanks for coming tonight. This public hearing is 

I ' 
15 now closed. I 

I 

I 
I 

16 (PROCEf;D1Nr CONCLUDED AT 9:10 P.M.) 

17 (UNLESS OTHERvVISE NOTIFIED BY 
I ,I 

18 T~rE PARTIES INVqLVED, THE TAPED RECORDING MADE IN 
I 'i 

19 CiONNECTION WITlr THE TAKING OF HEARING WILL BE 

20 dES'fROYED SIXM~)NTHS FROM THE DATE OF FIEARING.) 

. 

,I . 
I ' 

21 ,I 

22 I I 
I I 

' 23 Ii I 
I I 
I I 

24 I I 
I I 

25 I 
I 
I 
I 

I COMMONWEAL JH OF KEN;~~KY) 
I :)SS: ! 

2 I COUNTY OF DA "lESS ) 
I I 
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3 

4 1, Catherine Passmore, "Notary Public, State-

5 at-Large, do hereby certify that the aforegoing 

6 deposition was taken at the time and place set 

7 forth in the caption thereot; that the witness 

8 therein \-vas duly sworn on oath to testiiy the 

9 tnah; the proceeding \vas reported by me 

10 stenographically; and the aforegoing is a tnle and 

) 1 correct transcript tothe best of my ability, 

12 [ further ce11ify I'm not a relative or 

1.3 employee of attorney or counsel of any of the 

14 parties hereto~ nor a relative or employee of such 

15 attorney or counsel. nor do 1 have any interest in 

) 6 the outcome or events of this action, 

17 [ hereby celti fy that the appearances were 

18 as stated in the caption. 

19 DATED THIS 9TIJ DAY OF JULY, 2007. 

20 

21 --------"-------_ .......... . 
CATHERINE PASSlVIORE, NOTARY PUBLIC 

22 STATE-AT-LARGE 
OHIO VALLEY REPORTING SERVICE 

23 202 "VEST TLLIRD STREET, SUITE 12 
O\\/ENSBORO, KENTUCKY 42303 

24 
COMMISSION EXPIRES: 

25 September 13, 2009 
DAVIESS COUNTY. KENTUCKY 
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i I 

This lranscriPt has been 1eliie}lled by DAQpe~sqnnel, and airqua/ity ,eiatedcommenls thai w"re 
raise~ during thepublichearing have been previous~v addressed in this document. There are three 
air ltuali(V related :qllesJons that have not· been previously addressed These que,stionsare 

I .' ; I . 
exce'l7Jted verbatim and an.s'}vered be/o1;v: . 

Fi"oJ Christine Belt, tran!scnpt page II 10 
12! On page +7 of C

1 

,ash Creek's permit 
I . 

l3 statement of basis it rJads the division has not 
I" .. : I .. 

14 I . d h' '1" I . . '1 d ' I' '. reqmre t.e app: lcatl111 to mc u e an all' qua Ity 

15 ;ipact analysis for ozlme. 1 ask, why not? I . . 

'D" .1. 'R' . IVI~lon s espouse: 

I
, R.egulatkm 401 KAR 51:017, Section 7.(5) (a) states, in parI: "No de minimis air quali~v 

level is prov/ded.IJr ozone; f!orvever, a net increase ofl 00 Ions per yetir or.inore c~l volalile 
I organic coml)owrJis '~'l/bject to this administrativeregulaiion is reqliired to perjhnn an 
I ambient impcu?t anl'lZFsis including the gathering o/ambient air quality data, II Since/he total 
I VOC emissi()nsfr~)!n the Cash Creek pn~iectare less than 33 tpv, no ambient airqualily 
I imp(lc/ anal;ysisjb( ozone is required. ' 

F' I ('} , ":B I' I. . "1) ,roni.1nstmc e t, transcrIpt page tt. 
I ask,! how can 391 tons p6r veal' of 
. I i I ~ . 

1 ·' Itf d' 'i :1' II' h' . I 6 Sll!Ur . lOXIC ere ease{i u1to t e an not. lave an 

J 7 1. ., . ') : S l f: I I' 'd' , 1 . , " [\uverse lJnpact; : _. nate ( lOXle IS t le mam 

18 Jm'lonent ofac'id ral which has a very adverse 

f
l,., t. ":,' j d' '. 

19 a. teet on vegJ etatlOH an' .ero.ps. 
i . .. .. ' I' 
I I 

. Divis1ion's Response: I ".' . ..' , . 
I See response 10 co1mmenllo Appendix Fnumbers I and 2 oj thzs document . 

. Froml Corinne Whiteheac( transcript page #65 
2 I In additiOnlto mercury, anthracene, and 

3 ot}ler t)ollutants.has thb cabinet or EPA tested for ! t , : . f .', 

4 rJdiation in Kentucky boa1? 
I 
I 
I 

[)ivisjion's Response: 
t In the 'StudyJhrH(;'Zardous Air Pol/utant Emissio}'ls/;YHlI Electdc UtilitJ'S'team Genel'alin!! 

I 
Unit,s'··· .... ·Pinal Rep+.t to Congress' dated February 1998 (EPA-453/R-98-004a),' US. E~PA 
concluded thrll "tne risks due to exposure tv radionuclidefrom utililies are substantially 

'I hnverthantlle risMs due to natural background radiatiol1."(page £S-23) 
I I . 

·1 . I 
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ATTACHMENT K 

Supplementary TDS Concentration Analysis from Cash Creek dated September 28, 2007 

September 28, 2007 

Mr. BenM'arkin 
Combustion Section Supervisor 
Permit Review Branch 
Depm1ment for Environmental Protection 
Division for Air Quality 
803 Schenkel Lane 
Frankfort, KY 40601 

Dear Mr. ~larkin: 

RE: Draft Permit Number V-07-017 
Source Name: Cash Creek Generation, LLC 
Source LD, #: 21-101-00134 

This letter is in response to a query from the Pen-nit. Review Branch related to potential reductions of 
Total Dissolved Solids (H'fDS")in the Cash Creek Generation, LLC ("'CeG') cooling tower 
circulating water. 

B11ckgrollnd: 

The quantity ofPat1icuiateMatter ("PI\1") emissions from the CeCl cooling tower is dependent on 
three operating parameters: circulating water now rate, liquid drift loss, and the TDSconcentration 
in the liquid drin. The circulating water flo\vrate (375,OOOgpm) is set by process cooling needs and 
can not be reduced to control PIY1 emissions from the cooling to\ver. A Best Available Control 
Technology ("'BACT") analysis was performed in the permit application to select high efficiency 
drift eliminators (99.9995(% efficiency) as BACT respecting liquid drittloss. The purpose of this 
letter is to demonstrate that the remaining parameter, TDS can not be cost-efficientlyredueedin 
tenns of BACT ($lton of emissions reduction) to reduce cooling tower PM emissions at the Cash 
Creek Generating Station. 

Potential TDS Control Approaches: 

T\vo control technology/operating approaches can be llsed to reduce TDS concentrations in cooling 
tower circulating water in order to reduce TDS concentrations in liquid drift. The first option 
involves demineralizing cooling tower make-lip water in a water treatment plant to remove TDS. 
The second option involves reducing the Cycles of Concentration eeOC") in the cooling tower to 
avoid concentrating TDS as water is evaporated froIn the cooling tower. 

Technically Feasibility: 

CCG believes that both options are technically feasible to reduce TDS conc.entrations in the liquid 
drift in order to reduce cooling tower PM emissions. 
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I· 
I 

I I . 
Con.trnlEffectiYeness of Control Approaches: 

O .11 d'·' . I:' I ·t' .. k . 1 . 11 I l'DS· . . phon· , .. ernUl.era lzmg <?oo mg tower rna e-up water, can t lcoretlCa y rec uce . . concentratIOns 
to le¥s than Ippm in liqui~ drift Forpurposes of this analysis. CCG has assumed that this option 
would result in no P~l emissions from the cooling tower. This assumption is vcry aggressive in that 
it igrlores PM that would Iresult from erosion, corrosion, degradation of cooling tower fill, and the 

I I 

low levels of TDS that w6uld pcrsist in demineralized make-up \vater. 

optiln 2,dnanagin~ cycles of concentration, could reduce TDS concentrations 10 a level that 
appr?(~ches. the TDS C0I1?entration of ceG's copling tower water supply s01.irce. CCO's water 
supplywillbe withdnnvn from the Green Rivenmdthen clarified to remove Total Suspended Solids 
("TS1S")priortointrbduction to the co()ling tower. After clarification, theTDS conccntrationinthe 
supply water will bG:apprdximately J 10 ppm .. For purposes of this analysis. the control effectiveness 
of thjisoption iSaSS~1l11cdl to be fifty percent (50%»as compared to the engineering design of the 
CeG cooling tower (7 CPC), or. 3.5 COCo This option reduces PMelnissions from the cooling 
towe~r by fifty percent as 00lnpared to CCU's permit application. The impact of reducing COC is 

in.crdased water u. sa. ~e. 'I I 
O .1 ~A . . I (,·OC . . 1. ('C'G~' .. . ·1' . 1··1 . ., h Pt1911f', represents mapagcc . .... . consIstent WI ttl .... . .. s permIt apR IcatlOn.n t 1]8 option, 1 e 
cooliing tower isop~rated at seven (7) COCconsistent with good engineering practice related to 
corr1SiOt\ Inanage!l1~nt, t1elmal efficiency, and diminution of cooling water consumption. 

The following table dclinclatcs the cooling tower PMemisslons that result from each control option .. 
I .. t 

I I TDSConcentration AllnualPMEmissions 
...... ~-... ---... --...... --............ ---.......... -~-'--~~+-'-'---_._._-_. __ .,._- ............... _ ......... _ ..... . 

I I 
I. Ocmincrnlized CT Make .. up ASSUn1(x\ to be 0 PPM 0 tons/year 

····i~···(~·~~·~·I~;·t··i~~ .. · .. ;;··i·5·;C·O(:·i········ ..... _ ................... _ .......... _._ .. -......... _ ..... __ ....... ·······i_~-1_-·5_"()_. ~--;~--;.~-.;-.----.. --.-------.--i ... :~-----.. -..... --.... --... ;_i:·· __ 7·: __ i-_~~_;~1_··~_iy __ 'e __ ,a __ r_.~J 
2A.IOperatiQn a t 7 'cDcl 2,300 ppm ........... _9_.A_5_h_H1_S/y_'C<_lf_. __ ._._J 

I -- I I 

E·~ I . ·E· .; I I d Ii' I ~cononuc, .. "nvlronmentaanl:.uergv .mpacts: I : I .•. 

EC(.)Jomic E." VCJ!Uafio. n: II '-.. I .. i 

Optiln ] involves significant capital expenditures and incremental operations/maintenance expense. 
To ,issess incremental chpital cxpenditures, the demineralizer for process water at CCG was 

I . • I 
upgraded from 849 gpm throughput to 5,784 gpm (849 gpm for process water and 4935 gpm for 
cooli'ng tower make-up). I This increase in demineralizer size results in an incremental capital 
expehditureof$.41'(~5 miqiOltUse ofacapital recovery factor 01'0.094393 yields an tlnmJal capital 
recovcry expcnsc of,$J.871 million. Incremental operations/maintenance expcnsc for this option (as 
comJared to Option 2A) ~s $1.85 million annually. Therefore, the total incremental annual cost 
assoJiated with Opdon I is $5.72 million. ' 

optiln 2 will requ ir1 &ddi ton~1 capi tal expenditures to address increased water handlin g capabi J i ty 
and potential. changes to ~ooling tower fill or reservoir sizing. IJowcver, a detailed engineering 
~lnal)lsisOf cooli?gt?werde~sign and pUI~P, valve',and piping .. costwould be ,requir~dtodeliT~eate the • 
Incr~lncnt.at capItuLc?stll hercfo~'e, th~s analYSIS asslIm.es th~t nomaterHd ~;a~ltal cost mcrease 
wonIc.! be IJ1curred tQlmplemcnUhls opnon. However, thIS optIOn does res.ult 1I11ncrementai watcr 
llSagt of LOOO gptn or 525,600,000 gallons/ycaL \Vater supply expense (energy and 

I 
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operations/maintenance) at CeG is $500!rnitlion gallons. Therefore, the ·annual incremental cost 
associated with Option 2 is $262,800 if capital cost impacts are ignored. CeG has alsoign'ored 
incremental water treatment chemical cost and additional solid waste handling cost that would be 
associated with handling an additional 525 million gallons of water annually. 

The average cost etlectiveness of each alternative is depicted below. 

Option < 

........ ..... . ..... '. 

1. Demineralized CTMake~lIp 

2. Operation at 3.5 COC 

2A.Operation at 7 COC 

Annual PM 
Emissions 

(t9ns) 

o 
4,73 

9.45 

Ir~~reas~l~ 
AnllualCost 

$5,720~OOO 

$262,800 

Base 

The incremental cost effectiveness of each alternative is shown below. 

I. J)etllin~ralized CT Make-up 

2. Operation nt 3.5 COC 

3. Operation at 7 COC 

Environmental Evaluation: 

Decrease in 
Annual P1\'I 
Emissions 

(tOilS) 
w .......... "'"""'~ ... "'_.-. ..... __ .-._ ... vo ....... _ ........... _____ ._ ...... 

4.73 

4.72 

Base 

Incrc.ase in 
AnnualCosf 

$5,457,200 

$262,800 

Base 

'. 

Alumal Average 
Cost 

(Shon) 

$605,291 

$55,678 

Base 

lncrern en tal Cost 

$1,153,742 

$55,678 

Base 

Option 1 involves removing TDS from all cooling water. This removal would result in increIhental 
solid \vaste production of 3,285 tons!yr based on capture of the 31 Oppm of TDS in the clarified 
cooling tower make-up water. 

Similarly, Option 2 would produce an incremental 175 tons ()fsolid waste annually. This increase is 
due to removal of Total Suspended Solids Ci,TSS") in the inlet water clarit1cation system for the 
incremental 525 million gallons of water that would be consumed annually. That additional water 
consumption also constitutes a significant environmental impact. 

Energy Evaluation: 

Both Option 1 and Option 2 require incremental energy consumption as compared to Option 2A. 
However, given the material economic and environmental impacts described above, CCG has not 
undertaken an engineering analysis to quantify those impacts. 

Conclusion: 

As demonstrated by both the economic andenvirol1li1Cnlal evaluations above, reducing TDS to 
reduce cooling to\ver PM eniissions is not cost-effective in the context of accepted BACT $!ton of 
crnissions reduction values. This is especially true whel1 the environmental impacts associatedwith 
increased sc)lid waste production and water consumption are considered. CCG believes that.BACT 
for the Cash Creek Generating Station cooling tmver can be accomplished with a 2.16 lb/hr Ptvl 
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I 

I 
I 
I 

.... 1 

I ' r 
I , ' 

emission rate, premised on the follo\ving paramcters~ 

jl AmllXlmum coJng tower flow f'dteof375,OOO gpm, 
• Drift elimil1ator dEficiency of 99.9995~~, and r A llIaximum TD$; cOllce;tration 0[2,300 ppm. 

I 
If CleG can provid~ any additional informalion, please feel free to contact me at 502.357.9901. \ 

vel truly yours, 
I 

I 

Lv1"ic,",!h,ael, L Mchmis I 

!Vlal~ager I . 

Cash Creek Genenition, LLC 

I ' I 

I 

I 

I 
I 
I 
I 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 4 

ATLANTi\ FEDERAL CENTER 
61 FORSYTH STREET 

ATLANTA, GEORGIA 30303·8960 

Dr. Donald van def Vaart, Ph.D., P.E. 
North Carolina Depat1ment of 

Environment and Natural Resollrces 
Division orAir Quality 
1641 Mail Service ('enter 
Raleigh, North (~arolina 27699-1641 

Dear Dr, vun der Vaart: 

October] ] , 2007 

rhank you f()f sending the preliminary detcnnination and draft prevention of significant 
deterioration (PSf») permit dated August 14,2007, for a major modification of the Duke Energy 
C~arollnas LLC (Duke Energy) Cliffside Steam Station located in Cliffside (Rutherford COllnlY). 

North Carolina, 'fhe draft permit is for the proposed installation of linew pulveriLt~d coal electric 
utility steam generating unit (Unit 6) with a nominal generating capacity of SOO megawatts and 
supporting equiprnenL 

Based on Ollr rc,ic\v of the preliminary determination, draft permi.L and supporting 
nl<l/eri:l1s (including submittals from Duke Energy). '\iC have developed the enclosed comments, 
(f you have any questions concerning these comments, please caU Jim Lillle at (404) 562-91 I 8 or 
}Zaty Forney at (404) 5(23 ) 130. 

,,0S incerely ~ 

;;~\ ~Y1.~. 
L S:; C'-"\ 
. Gregg Nt \Vorley ........ ) 

Chief 
Air Permi ts Section 

Enclosure 

EXHIBIT D 

Internet Acldress (URL) • http://w\'V\ ... i~pagov 
Recycled/Recyclable. Prirlt0d w:th \j"qetan!(- U;i U,lse,j iM5 OP f~e(':lc:G~i Paper iMHWf',Un :\(F'0 po·;tcor,c;urnBi) 



ENVIRONMENTAL PROTECTION AGENCY 
REGION 4, AIR PERlVUTS SECTION 

on Draft PSDPermit for Duke En~rgy Carolinas LLC, 
Cliffside Steam Station, Unit 6Projt."Ct 

The Ifollowing abbr~viat yms are used in these comments in addition to commonly 
understood abbreviation"""··' .... '· .. yms such as lb for pound and hr for hour: 

I 

gr/dscf - grains 
M1\1Btu -million 
MSBD - minor 
NAAQS - n'ation 

NCDAQ - ~orth 
NOV - Nodce of 

related values 
able control technology 
us emissions monitoring system 

mental Protection Agency 
dry stand,u'd cubic foot 
fitish thermal units 

baseline date 
ambient air quality standards 
arolina Division of Air Quality 
lolation 
perfonnance standards (federal standards in 40 CPR part 60) 

NSR - new so review 
PSD - prevent) of significant deterioration 
RBLC - RA ACTfLAER Clearinghouse' 
SlA - signifIcant 
tpy -.tonsper 

In a1dition the followin· abbreviations moe used for pollutants: 

II NOx - nitrogen 
PM - total Jj ate matter 

I P1vtw - partie matter with an aerodynamic diameter of 10 p,m or less 
I PM2.5 - palticul matter with an aerodynamic diameter of 2.5 pm or less 
I S~ - sulfu~ diox~de 

In tHe following co~me~ts the tel1us "we," "our," and "us" refer to EPA', Region 4 office. 
tend "Unit 6" refers to tHe proposed 800-megawatt pulverized coal electric utility steam 

I .. . 
generatmg umt. 

l. I Netting An~l):sis 

The 

I 

I 

I 

In its prelin;inaryldetermination supporting the draft PSD pennil, NCDAQ pn.wided a 
regulatory analysis. In this analysis, NCDAQ concludes t.hat PSD review is not required 
for NO;( anc.l, S02 bmissions from Unit 6 and ancillary units. ThisconclusioIl is based ana 
netting analysis i~which emissions decreases from ~xisting Units 1 through 5 are deemed 

I 
I 
I 



to be creditable for netting purposes. Specifically, the netting analysis forS02 is hased 
on emissions decreases from emissions controls on Unit 5 alone with no consideration of 
decreases resulting from the planned shutdown of Units i through 4. The netting analysis 
for NOxis based on emissions decreases from elnissions controls on Unit 5 plus 
emissions decreases from the planned shutdown of Units 1 through 4. 

On ~1ay 9, 2000, EPA issued a notice of violation (NOV). to Duke Energy Corporation 
alleging, amongothet issues, thatDukeEnergy undertook illegal modifications at 
Units 1-,5 of the Cliffside facility. OnDecember 22, 2000, the United States Dej:mrtment 
of Justice (DOJ), on behalf of EPA , filed a complaint againsrDukeEnergyin the United 
States District Court for the Middle District of North Carolina. An element of the case 
was subsequently appealed to the Fourth Circuit COlllt of Appeals; and then again to the 
United States Supreme Court where it was ultimately resolved in favor of EPA in 
ApJi12007. The case was remanded hythe Supreme Court backtothe District Court 
level for further proceedings, which arecun"ently ongoing. 

Pursuant to federal regulations incorporated hy reference in North CarohnCi's PSD nIles, a 
source cannot receive emission reduction credit for reducing any portion of ac_tual 
emissions which resulted because the source was operating out of compliance. See 
40 CFR Sl.166{b)(3)(vi)(a). ·W'ith regard to the Cliffside facility, a BACT analysis has 
not beenC0111pleted for Units 1-5 for NOx and S02; As a result, if the emissions 
reductions from the shutdown of Units 1-4 and the installation of additional controls on 
Unit 5 are less than would result from the installation of BACT controls as required for 
compliance withPSD permitting requirements, then thesereduCtic)IlS are not creditable 
for llse in any netting calculations for Unit 6. See 40 CFR 5 L 1 66(b)(3)(vi)(a). 
Depending on the outcome of the aforementioned Cflse before the District Court, the 
permitting of Unit 6 may be found to have occurred in violation of the law and Duke 
Energy may be in violation of PSD requirements for construction of Unit 6. We 
recommend that NCDAQ notify Duke Energy of t.his possibility before tak.ing final action 
with regard·to·the application from·Duke Energy for an: air emissions permit to construct 
Unit 6, to ensure that NCDAQ and Duke Energy are fllUyaware of the potential impactof· 
the ongoing enforcement action. 

2. Absence of Totnl Mass Emissions Limits 

For Unit 6, emissions lim.its in the draft pennit are specified solely in terms of Ib/M1v1Btu. 
However, the draft permit does not include a limit on maximum heat input (M1vfBtU/hr). 
A limit solely in tenns of IblM.11Btl.l does not establish an upper lirnit on hourly total 
mass emissions unless accompanied by a limit on maximum heat input or total mass 
clnissions (e.g .• Ib/hr). Therefore, the draft;pennit does not contain specific emissions 
limits that match the total mass emissions nites used for ambient impact modeling 
am\lysis purposes. The finalpemlit, if issued; should contain either (a) enforceable lim.its 
for maximum heat input (M:MBtu/hr) as well as enforceablelimitsin terms of Ib/M~lBtl.J, 
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or (b) enforceable limits in terms of both Ib/~1Btu and Ib/hr. This same comment also 
applies to the auxiliary boiler. 

3. Optional PM Emissions Limits for Unit 6 

a. The proposed Unit 6 filterable P:Nl lo BACT emissions limit is 0.012 Ib/M·MBtu. 

b, 

According to the condition in Part I, Section 2.1.1 .2.d (page 44). of the draft pennit 
for Unit 6, if the owner/operator of the facility can demonstrate the proposed 
BACT eJnission limit for filterable PM IO does not Hprovide adequate margin for 
regulatory compliance," then NCDAQ may revise the emissions limit not to 
exceed 0.015 IbfMMBtu. Having a higher fallback emissions limit provides a 
clear disincentive for Duke Energy to achieve the lower em.issions limit 
established as BACT during the PSD review process. We recomlnend that the 
fallback provision should be eliminated, particularly since it isevident that other 
similarsources are pennitted at 0.012 Ib/1VIMBtu (see Item 3.e. below). Having a 
baghouse with adequate capacity should provide reasonable assurance of 
compliance with the BACT limit. 

Furthermore, the condition states that, if the limit is revised to a higher value, 
"[s)uch a revision shall be a Minor fvtodification." In accordance with title V 
permit regulations in 40 CFR '70.7(e)(2)(i)(A)(3), minormodification procedures 
may not be used for IJennitmodifications that "require or change a case.".by"'case 
determination of an em.lssion hmjtation." In addition, any increase in the 
established plimary BACT emissions limit would require initiation of a PSD 
permit revision action that might also require further amhient impact compliance 
modeling depending on the nature of the change compared with the basis of 
previous modeling, Such increase would also require a 30-day public comment 
period. 

c. In Table 5-4 (page 41) of the preJim.inary detenninatiot1, NCDAQ cite~the 
Longleaf Energy project in Georgia and lists a "likely" filterable PM emissions 
limits for this project of 0.015 Ib/MMBtu. The final permit for Longleaf Energy 
was issued in May 2007. The PM control method is a· baghouse. The filterable 
PM limit in the final permit is 0.012 Ib/NuvlBtu (3:..hour) with no provision for a 
higher fallback limit. 

4. COll1PIi anceA veraging Times Associated with Emissions Limits 

It is unclear in ,the draft permit what complianceaveraging times are associated with the 
BACT emission limits for all of the clnission units in this project. If the averaging times 
for the BACT emission limits are the same as those aS$ociated with the test methods 
described in the permit, then this should be stated in the penn.it for clarity. Otherwise, 

, compliance averaging times should be added to the appropriate sections of the permit. 
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5. Allowable Coals for Unit 6 and Effect on BACT Determination 

Based on the information available to liS,. the proposed new Unit 6 can bum both 
bituminous and subbituminous coal and use of a particular type of coatis nota 
fundamental aspect of the project. (Presumably subbituminous coal would include 
western coals such as Powder River Basin coaL) Although NCDAQ describes Unit 6 in 
the preliminary detclmination as being expected to fire "primarily" bituminous coal. the 
draft pennit does not prohibit exclusive use of subbituminous coaL Therefore, under 
these circumstances, NCDAQ should re .. evaluate the entire BACT determination to 
assess the option of restricting Unit 6 to use· of just one type of coal, specifically; 
subbituminous fuel only or bituminous fucl only. This would be especially important if 
NO, and S02emissions were subject to BACT, which they are not in this instance 
because NCDAQ is accepting that the project has netted out of PSD review for these 
pollutants, (But see ollr comments on the netting analysis in ltem No. 1 above.) 
However. the BACT evaluation for other pollutants possibly could be nffectedif the fuel 
supply were I'estricted to one type of coaL We requestspecifically that further BACT 
review be perfonned for particulate matter emissions and sulfuric acid mist emissions 
assuming the option of burning subbituminous coal only. Furthermore, should the BACI' 
emissions limits change as a result of this further BACT review, the ambient impact 
modeling analysis might have to be revised accordingly. 

6, BACT Emissions Limits for Auxiliary Boiler 

According to Table 5-9 of the preliminary detelmination (page 52) and the condition in 
Patt I, Section 2.1.K.5.b (page 52) of the draft permit, the BACT emissions limit for 
filterable Prvl\O from the auxiliary boiler is set at 0.014 Ib/rvnvlBtu. However, from a 
search of the RBLC, there are comparable distillate oil-fired boilers ofasimilar capacity 
with BACT emission limits lower than those being proposed for the Duke Energy 
Cliffside auxiliary boiler. For instance, the auxiliary bollers at the Plum Point Energy 
facility located in Arkansas have a PM 10 emissions limit of 0.0071 Ib!IVIMBtu. Similarly, 
the boiler at Virginia Commonwealth University has a Pl\110 emissions limit of 
0.0100Ib/M·MBtu. NCDAQ should consider adopting these limits or provide an 
explanation of why the new unit at the Cliffside facility can not achieve these levels. 

7. Particulate Matter BACT Limits for Materials Handling Units 

In its assessment of Prvlw emissionslilntts for material handling operations (coal,lime, 
limestone, ash), NCDAQ indicates that a review of the RBLC disclosed limits ranging 
from 0.005 to 0.01 gr/dsef for operations controlled by baghouses. The emissions limits 
determined to be BACT as listed in Table 5-10 of the preliminary determination (pages 
55 - 57) are as follows: 

• Limestone (baghouse controlled) - 0.01 grldscf (filterable) 
• Coal (baghouse controlled) - 0.01 gr/dscf (filterable) 
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• Ash (bughollse controlled) -
• Lime (baghouse controlled) -

0.01 gr/dscf (fj IterabJe) 
0.01 gr/dscf (filterable) 

NCDAQ does not provide an explanation of why the upper end (0,01) of the RBLC range 
was selected rather tha.n the lower end (0.005). Properly selected bughouses in many 
applications can achieve an emissions rate less than 0,01 gr/dscf. NCDAQ should 
consider adopting a lower limit or provide an explanation of why the new niatenal 
handling units at the Cliffsid~ facility that are to be controlled with bughouses can not 
achieve a lower limit. 

8. Startup and Shtltdown Emissions 

Section 5.3.6 (page 48) of the preliminary detenl1inationcontains a discussion on startup 
and shutdQwn emissions for the proposed Unit 6. It is unclear from this discussion 
whether NCDAQis establishing sepamte emissions Hmits for the: boiler during startup 
and shutdown openitions. The draft permit does not seem to contain any emissions limits 
speCifically for startup and shutdown, nor does it seem to contairi an exclusion or 
exemption frotn the nonnaloperating emission limits during periods of startup and 
shutdown. The apparent di fference between the discussion in the preliminary 
determination and the contents of the draft perm.it should be addressed in the final 
detel111ination and finalPSD pennit (ita final permit is issued). 

9. Pa.rticulatet'v1atter Continuous Emissions MonitoringSvstem fo.r Unit 6 

In the draft permit, NCDAQ provides for operation of a PM CEMS on Unit 6 as an 
option. In light of improvements in and wider use of this technology, our 
recommendation is that operation of a Pf\,1 CEMS be included as a pennlt requirement for 
Unit 6 rather than an option. 

10.: Cooling Tower Emissions 

On page 51 of the preliminary determlnation, NCDAQ states that BACT for the proposed 
new cooling tower is a drift eliminator with a drift rate equal to 0.0005 percent of the 
recirculated water flow. In the draft pennit (Part I, Section 2.1 J~), however. BACT for 
the cooling tower is expressed as PM lO emissions rates of 1.2.94 tpy (12-month rolling) 
and 70.8 lb/day. We find no mention of the drift elimination rate in the draft permit. We 
recommend that a' drift elimination rate design requirement of 0.0005 percent be added to 
the permit in addition to the PMw emissions limits. Tn addition, we recommend adding a 

:. requirement for recording and reporting of recirculated water flow on some periodic 
basis, and measurement and reporting oil SOlne periodiC basis of total dissolved ,solids in 
the recirculated water. 
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11. PM as a Regulated NSR Pollutant 

On page 10 of the preliminary detennination, NCDAQ slates the following: "Also, 
NCDAQdoes not consider 'PM' to be aregulated NSR ponutant ~md only uses PM as a 
sUlTogatefor PM 10." 011 page 20, however, NCDAQ lists "particulate matter" as a 
pollutantregulated llnderNSPS subpart Du. Since the definition ofregulated NSR 
pollutant includes pollutants subject to NSPS, it is clear to us that PM is a regulated NSR 
pollutant: We wish to make this position clear as a matter of record. At the same time, 
ouropinion is that NCDAQ's approach to assessing and limiting PMm emissions for this 
projettis adequate for P!vl as well. 

12. Fine Particles 

On page 10 of the preliminary detennination, NCDAQ cites EPA policy guidance as 
saying thut"Statesshould use PNt lO as a sUlTogate for PMz5" until federal PM25 NSR 
implenlentationrules are promulgated. \Vhile this is a reasonable depiction of CUlTent 
EPA policy guidance, please note that EPA has also said {in its April 5, 2005, policy 
guidance memo)that~'statements in this policy gtiidancedo notbind State and local 
governinents and the public as a matter of law,n Also please note that EPA may issue 
finalPM2.5 NSR implementation nl1es before a finalpermil has been issued for the 
proposed project (if NCDAQ decides rOissue a final permit)~ 

13. Ambient Impact Assessment 

n. Netting 110deling Analyses - Based on the NOx emissions reduction credits from 
the shutdown of Units 1-4, and S02 emissions reduction credits from the scmbher 
addition to Unit 5, the project netted out of PSD review for SOzand NOx, Also of 
importance for the comments below, the decrease in S02crnissions from the 
shutdown of Units 1-4 was not used in the netting analysis. (Duke Energy has 
asked that these decreased emissions be reserved Jor p()ssible future lise.) One of 
the requirements for a creditable emissions decrease is thalit have "approximately 
the same qualitative significance for public health and welfare as that attributed to 
the increase from the particuhu' change," [40CFR 51. 166(b)(3)(vi)(c)] The 
following comments are directed at the modeling analyses required by NCDAQ to 
satisfy this requirement The purpose of the nnalyses for 802 mid NOx was to 
demonstrate no HnetHnegative airquality impact (referred to below as the 
no-net-negative impact compm·ison). 

(1) The modeling analyses of impacts from the current facility operations and 
from the future operations after the proposed modification, are needed for 
this comparison. These two station configurations must bC rnodded using 
the same air quality model, same meteorology, and same receptor grid. 
The input station operational data must reflect netting conditions contained 
in the draft permit. 
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(2) To demonstrate the netting has no net increase in impact concentrations, 
both the before an.d after controlling concentrations should be compared 
(I.e., highest annual and highest-second-high short-term) as well as the 
concentrations at each receptor. The percent of receptors with increased 
concentrations should be part of this evaluation. 

(3) Because the NO~ no-net-negative impact comparison modeling WtlS 

explicitly perfomled for this application, it appears likely lhat identical 
modeling procedures and models were used. Although the modeling files 
were not availab1e to EPA for confirmation of this' presumption, NCDAQ 
indicated in an e-maill1lessage dated Octo~r 24, 2007, that identical 
modeling procedures were used. 

(4) The S02 no-net-negative impact comparison analyses used modeling 
results from the Units 1-4 Stack Extension Project (December 2006) to 
represent the current station operation. EPA does not know if the 2006 
modeling procequres were identical to those reported in the Unit 6 permit 
application to estimate future station impacts. In addition, tbe S02 netting 
analysis for the proposed Unit 6 project does not take credit for the 
decreilse in emissions associated with shutting downUnits~-4. Therefore, 
S02 emissions from Units 1-4 shoqld not have been included in the CUlTent 
station modeling for the no-net-negative impact comparison assessment. 
The concentrations in. Table 6.2-1 for S02 existillgemi~sjons from 
Units 1-4 plus Unit 5 are not appropriate to demonstrate no net increased 
impact associated with the proposed emissions nelting. 

b. PSD Class IAreaAnalysis -- The station emissions used in the Class I area AQRV 
impact assessment should not be limited to project relatedillcreases in PMIO 
emissions used in the PSD increment assessment. The visibility and deposition 
modeling assessments should include total future station emissions for pollutants 
(for example. PMIO, S02, NOx) affecting the AQRV. It appears that only project 
related increases in PM 10 emissions were used in the AQRV assessment. 

c. Project Emissions - The short-term project emission rates used in the impact 
modeling appear to have been based on the. annual emission rates. Short-term 
emission rates are generally higher than hourly rates derived from annual 
emissions divided by annual operational hours. Where available, appropriate 
higher short-tenn emission rates should be used in the modeling evaluation, or the 
modeled short-term emission rates should be included as pemut limits. 

d. Inventoryof Other Ernission Sources - The cumulative P'MIO NAAQS and PSD 
compliance assessment included other emission sources within the SIA pl.us an 
addition 50 km radial distance. ' 

7 



(1) The PSD permit application did not contain a list of other NAAQS 
emission sources included in the modeling. 

(2) The PSD inventory of other sources is a subset of the NAAQS inventory. 
Although the 20D procedure was indicated as not llsed to eliminate PSD 
sources) the application does not provide a list of PSD inventory sonrces 
modeled. 

(3) PSD increment-consuming sources. are identified based on the appropriate 
minor source baseline date (:NlSBD). The appropriate 1\1SBD is that 
associated with the location of modeled receptors. Because PSD SOllrce 
inventories were provided by four different regulatory agencies, the proper 
J\tISBDs may not have been llsed to .identify PSD emission sources. The 
PSD permit application should have identified the appropriate ivlSBDs 
used. Confirmation is needed that the appropriate. MSBD (or MSBDs) 
were used to develop the PSD inventory of other sources used in the 
modeling evaluation. 

(4) The basis (allowable or actual) for l~e emission rates provided in the 
NAAQS and PSD inventory of other sources should be provided. 

8 



January 14. 2004 

CERTIFIED MAIL 
RETURN RECEIPT REQUE$TED 

Mr. Scott A Patulski 
Vice President, Fossil Operations 
231 W. Michigan 
Milwaukee, \VI53201 

DearMr. Patulski: 

IN REPL Y REFER TO: 4530,..1 

Your ~pplication for an air pollution control construction permit has been processed in accordance with sec. 
285;6'i, \Vis. Stats. 

The enclosed construction permit is issued to provide authorization for your source to construct and initially 
operate an Electric Generating Facility referred as Elm Road Generating Station - North Site With 
Accommodations at 480 1 E. Elm Road; Oak Creek, Wisconsin .in accordance with the requirements and 
conditions set fbrth within Parts I and U of the permit. Please read it carefully. This permit expires 90 
months aner the day lhispermit is issued. This source may not operate after this copstructJon permit expires 
unless: you have been issued an operatjon permit 

I 

Enclosed with the permit there are two copies of a bill fOr the cost of reviewing and acting upon your air . 
pollution control permit. This bill is due and payahle within 30 days of the date of the issuance of the permit. 
Your ~heck should be made payable to WisconSin Department of Natural Resources and returned to the 
address on the hill. Please include one copy of the hill with your payment. 

A copy of this permit should be available at the source for inspection by any authorized representative of the 
Department. Questions about thispemlit should be directed to the \Visconsin Department of Natural 
Resources, 
Vliscdnsin Department of Natural Resources, Southeast Region, 2300 North Dr-Martin LutherKing Jr. 
Drive~ tv1ilwaukee, \Vl 53212, Phone. (414) 263-8500 

NOTICE OF APPEAL RIGfrrS 

If you, believe that you have a right to challenge t.his decision, you should know tbat Wisconsin statures 
establish time periods wit.hin which requests to review Department decisions niust be filed. . 

'/ . 

To request a contested case hearing pursuant tos. 285.81, Stars., you have 30 days after the decision is 
mailed, or otherwise served by the Department, to serve a: petition for a contested case hearing on the 
Secretflry of the Department of Natural Resources. Any such petition for hearing .shall set torth specitically 
the iss lIes sought to be reviewed, the interest of the petitioner, the reasons why a hearing is warranted and the 
relief desired. 

EXHIBIT E 



For judicial review of a decision pursuant to S8. 227.52 and 227.53! Stats .• you have 30 daysafter the decision 
is mailed, or otherwise served by the Department, to me your petition with the appropriate circuit com1 and 
serve the petition on tllC Department. Such a petition for judicial review shall name the Department of Natural 
Resourc(!s as the respondent. 

This notice is provided pursuant to s. 227.48(2), Stats, 

STATE OF \VISCONSIN 
DEPARTTvlENT OF NATURAL RESOURCES 

Raj Vakharia.Review Engineer 
Permits & Stationary Source Modeling Section 
Bureau of Air .Management 

cc: SER Air Program Air Program 
SER, Sturtevant Service Center Air Program 
US EPA Region V 
Kathy Zuelsdorff, PSC, 610 N. Whitney WaYI P.O. Box 7854, Madison, WI 53707-7854 

Enclosure 



........................... _ .. _-_ .... _-----------

BEFORE THE DEPART.rvlEN'T OF NATURAL RESOURCES 
AIR MANAGEMENT PROGRA~/I 

FINDINGS OF FACT 
CONCLUSIONS OF LAW 

AND DECISION 

Findings of Fat::! 

The Department of Natural Resources (DNR) finds that: 

1) Elm Road Generating Station (Referred as Nmih Site with Accommodations), 4801 E. Elm Road. Oak 
Creek, Wisconsin, Wisconsin has applied Ihr an air pollution control construction permit The 

, authorized representative of the facility is Scott A. Patulski - Vice President, Fossil Operations. 

2) 'Elm Road Generating Station (Referred as North Site with Accommodations), submitted an air 
pollution control permit application and plans and specifications and any additional information 

; describing the air contaminant source between June 18, 2002 and January 9, 2004. 

3) : DNR has reviewed Elm Road Generating Station (Referred as NOl1l1 Site with Accommodations)'s air 
, permit application and the plans and specifications submiued to DNR. 

4) 'This pennit is for an air contaminant source. 

5) • DNR has complied with the procedures set tbrth in s. 285.61, Stats. 

6) 'The proposed air contaminant source meets aU of the applicable criteria in s. 285.63, Stats. 

7) 'DNR has complied with the requirements ofs. 1.11, Stats., and ch, NR 150, \Vis. Adm. Code. 

Conclusions of Law 

; DNR concludes that: 

1) DNR bas authority under s. 285.ll(a), Stats., to promulgate rules contained inchs. NR400-499, \-Vis. 
: Adm. Code, including, butnot limited to, rules containing emission limits, compliance schedules and 
, complianc~. determination methods. 

2) DNR has the authority under S8. 285. 11 (a), (e), and (t), 285.27 and 285.65, Stats., and chs. NR 400-
: 499, Wis. Adm. Code, to establish emission limits t()r sources of air pollution. 

3) ; DNR has the authority to issue air pollution control pem1its and to include conditions in such permits 
underss. 285.60, 285.61, 285.63 and 285.65, Stats. 

\ 

4) , The emission limits included in this permit are authorized by ss. 285.65, Stats., andNR 400-499, \-Vis. 
,Adm. Code. 

5) , DNR is required to comply withs. 1.11, Stats.; and ch. NR 150, \-Vis. Adm. Code, in coqjunction with 
: issuing an air pollution control pennit. 



Decision 

Elm Road Generating Station (Referred as NOlth Site with Accommodations), is authorized to constntct and 
initially operate an Electric Generating Facility referred at 4801 E. Elm Road, Oak Creek, \Visconsin, as 
described in the plans and specitications dated between June 18,2002 and January 9,2004 inconformity with 
the emission limit~, monitoring, recordkeeping andreporting requirements and specific and general conditions 
set forth in this permit. 



--------------------....... -----

AIR POLLUTION CONTROL CONSTRUCTION PERMIT 

EI FACILITY NO. 

STACK NO.(S). S18 -S174 

PERMIT NO. 03·RV-166 

SQURCENQ,(S). B18, B19. B20,P62,P63. P64, P175,P76P, 
P41! P42, P43, 844, T16, T188, T121, T122, 
T123. T119, T120 

THI§G()f\J9TRUyTlqN PERMIT EXPIRE$ NINETY (90) MONTHS FROM THEDATE OF 
I$SlJt'JNCEORWHEN THEOPERATION PERMIT IS ISSUED FOR THE EMISSION UNITS 
INCLUDED IN THISPERMIT, WHICHEVER COMES FIRST, 

In cO,mpliance with the provisions of Chapter 285, Wis. Stats., and Chapters NR 400 to NR 499,Wis. Aqm. 
Code, 

Name of Source: Elm Road Generating Station (Referred as North Site with Accommodations) 

Street Address: 4801 E. Elm Road 
Oak Creek, Milwaukee County, Wisconsin 

R~sponsible Official & Title: Scott A Patulski - Vice President, Fossil Operations 

is authorized to construct and initially operate an Electric Generating Fqcility described In the plans and 
specifications submitted between June 18, 2002 and January 9, 2004 in conformity with the conditions 
herei'n. 

This authorization requires compliance by the permit holder with the emission limitations, monitoring 
requirements and other terms and ,conditions set forth in Parts I and II hereof. 

Dated at Madison, Wisconsin this 14th 

STATE OF WISCONSIN 
DEPARTMENT OF NATURAL RESOURCES 
F or the Secretary 

By ; . signedbyLloydL Eagan 
~Ibyd· LEagah, Director 
Bureau of Air Management 

day of Januray 2004 



PART I: APPLICABLE LIMITATIONS 

a.Llmitations: 0.018 pound per million Btu heat input averaged over any consecutive 3-hour peribd.(B~st AvaHableControl Technology, 
BACT).[s. NR 41S.06(2)(c), Wis, Adm. Code, s. NR 40S.08(2), Wis. Adm. Code,s, NR 440.20(3), Wis. Adm. Code. s. 28S.65(3), Wis. Stats.] 
See Note 1 

b.Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
days after the start of operation of the process to shoW Compliance 
wIth the emission limitation. 1 [5. NR 439.07, Wis. Adm, Code] 

(2) Stack Parameters: These requirements are included because 
the sourCe was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(a) The stack height shall be at least 550 feet above ground 
evel. [s, 285.65(3), Wis. Stats" s. NR 406.10, Wis. Adm. Codel 

(b) The stack inside diameter at the outlet may not exceed 27 
eet Is; 285.65(3), Wis, Stats" s, NR 406.10, Wis. Adm. Code] 

(3) Particulate matter emissions shall be controlled using a fabric 
filterbaghousesystem in combination with a flue gas 
desulfuri:zation •. and a wet eiectrostaticprecipitator to meet the 
BACT emission !.im.it [ s. NR 405.08(2). Wis. Adm, Code] 

(4) The fabric filter baghouse system shall be in line and shall be 
operated at all times when the process is in operation. [s, NR 
406,10, Wis. Adm, Code; $, NR 407.09(4)(3).1, Wis. AdlTl, Code] 

(5) The operating pressure drop range across the fabric filter 
baghollse system shall be determine during the initial testing 
period. [so 285,65(3), Wis, Stats,] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
I.A.1.b;(5), [s. NR407.09(4)(a)1" Wis, Adm. Codel 

(7) The permittee shall perform the compliance emission tests 
required under condition I.A 1 .b.( 1) every 24 months within 60 days 
from the date of the last stack test as long as the permit remains 
valid. [s. 285,65(10), Wis, Stats., s, 285,65(3), Wis. Stats,] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test MeU10d for Particulate Matter Emissions: 
Whenever compliance emission testing is required. US EPA Method 5 
or 58 including back half (Method 202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department. shall be used, [so NR 439,06(1), Wis. Adm. Code; s. NR 
44020(8){b)2" Wis. Adm. Code] 

(2) The permittee shall keep and maintain on site techhit.a! drawings; 
blueprints or equivalent records of the physical stack parameters. [So 
NR 439,04(1)(d), Wis. Adm, Code] 

(3) The permittee shall record the pressure drop across the fabric filter 
bag house system at the beginning of each operating shift. [5; NR 
439.055(2)(b)1., Wis. Adm. Code] 

(4) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results, [so NR 439,04(1 )(d), Wis. Adm. Code] 

(5) The permittee shall continuously monitor the operating pressure 
drop across the fabric filter system and shall sound an audible alarm, 
whenever the operating pressure drop is below minimum pressure 
drop identified in IA,1,b.(5)is exceeded. [s, NR 439.055(1)(b)1., Wis, 
Adm. Code] 

(6) The permittee shall respond to every "out of range" pressure drop 
alarm in accordance with the provisions of 40 CFR64.7(d)(1), [so 
285.65(3}, Wis. Stats.] 

(7) The permittee shall install, calibrate, maintain, and continuously 
operate a fabric filter bag leak detection system and be equipped with 
an audible alarm. [so 28S,65(3), Wis. Stats,1 

(8) The alarm set point and alaon delay time for each bag leak 
detection system shall be established during the initial testing period, 
[so 285.65(3), Wis. Stats.J 

Note1:The boiler is subject to New Source Performance Standards (NSPS) requirements for particulate matter under 
SO NR 440.20(3), Wis. Adm, Code and is 0,03 pound per million Btu and 99% reduction wilen combustlng solid fuel. 
The BACT limit for particulate matter is more restrictive then the particulate matter emission limits under NSPS, thus 
the boiler is expected to meet the particulate matter emission limits under NSPS, 

llf the compliance emission tests cannot be conducted within 180 days after the start of !nitialoperatlon, the permit holder 
may request and the Depar1ment may approve, in writing, an extension of time to conduct the test(s), 
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b. Compliance: Demonstration: 

(8) The permitte~ shall comply With the NSPS cOmpliance 
determinationpr.ocedurf3sCindmetho~s per s. NR44020(6), Wis. 
Adm, Code and's, NR 4~().40(8).Wis,Aqm. Code, A copy of the 
requirements attached withthe permit[s. 285,65(3), Wis, Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(9) The permittee shall record the output of the fabric filter bag leak 
detection system, [s. 285,65(3), Wis. Stats,] 

(10)The pemlittee shall respond to every bag!eak detection alarm .in 
accordance With the provisions of 40CFR64.7(d)(1). [s. 285.65(3). 
Wis. Stats.] 

(11) The permittee shall comply with the NSPS reporting requirements 
per s: NR 440.20(9), Wis, Adm, Code, A copyof the requirements 
attached with the permit [s, 285.65(3), Wis.Stats,] 
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a.Limitations: 0,018 pound per million Btu heatinput averaged over any consecutive3'-hour period. (BACT) [s, NR 405.08(2), Wis'. Adm. 
Code ands. 285.65(3), Wis. Stats.] 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission Ilmitation.1 [so NR 439.07, Wis. Adm. Code] 

(2) Stack Parameters: These requirements are included because 
the source was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will . 
be violated when constructed as proposed. 

(a) The stack height shall be at least 550 feet above ground 
ev'eL[s;285.65(3). Wis. Stats., s. NR 406.10, Wis, Adm. Code1 

(b) The stack inside diameter at the outlet may not exceed 27 
eel. [5.285.65(3), Wis. Stats., S. NR 406.10, Wis. Adm. Code] 

, (3) Particulate matter emissions shall be controlled using a fabric 
filter baghouse system to meet the BACT emission limit. [s. NR 
405.08(2), Wis, Adm. Code] 

.(4) The,fabricfHterbaghouse system shall be in line and shall be 
operated at alUimes when the process is in operation. [s. NR 
406.10, Wis. Adm. Code, s. NR407,09(4)(a).1, Wis. Adm. Code] 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determine during the inItial testing 
period. [so 285.65(3), Wis. Stats.] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
LA,2.b;(5). [so NR 407,09(4)(a)1., Wis. Adm. Code] 

(7) The permittee shall perform the compliance emission tests 
required under condition 1.A,2.b.(1) every 24 months within 60 days 
from the date of the last stack test as long as the permit remains 
valid. [so 285.65(10), Wis. Stats., s. 285,65(3). Wis. Stats.] 

c. Test Methods, Recordkeeping" and Monitoring: 

('1) Reference Test Method for Particulate Matter Emissions: 
Whenever compHance emission testing is required, US EPA Method 5 
or 58 induding backhalf (Method 202) shall be used to demonstrate 
compliance or an alter!1ate method approved in writing by the 
Department,shall be used'. [5, NR 439.06(1 ),Wis. Adm. Code; s. NR 
440.20(8)(b)2., Wis, Adm, Code] 

(2) Th~ permiUe~shaH keep and maintain on site technical drawings, 
bluepnnts or eqUivalent records of the physical stack parameters. [so 
NR 439.04( 1)( d), Wis. Adm. Code} 

(3) The permitteeshal! record the pressure drop across the fabric filter 
baghouse system at the beginning of each operating shift [so NR 
439.055(2)(b)1., Wis. Adm. Code] 

(4) The permittee shall keep records of all inspections, checks and 
any maihtenal~c.e or repairs performed on the fabric filter baghouse 
system, contalrllng the date of the action, initials of inspector, and the 
results. [so NR 439,04(1)(d), Wis. Adm. Code] 

(5) Thepe~mittee shall continuously monitor the pressliredrop across 
the fa~nc frlter system and shall sound an audible alarm, whenever the 
operating pressure drop is below the minimum pressure drop identified 
in LA2.b.(5) is exceeded. [so NR439.055(1)(b)1., Wis. Adm. Code] 

(6) Th~ permittee shall respond to every Mout of range" pressure drop 
alarm In accordance with the provisions of 40 CFR 64.7(d)(1}. [s. 
285,65(3), Wis. Stats.] 

(7) The permit~e~ shall install. calibr~te, maintain, and continuously 
operate a fabriC filter bag leak detection system and be equipped with 
an audible alarm. [so 285.65(3), Wis. Stats.) 

(8) Th~ alarm set point and alarm delay time for each bag leak ( 
detection system shall be established .during the initial testing period. 
[so 285.65(3), Wis. Stats.} . 

(9) The permittee shall record the output of the fabric filter bag leak 
detection system. [so 285,65(3), Wis. Stats.] 

(1 O)The permittee shall respond to every bag leak detection alarm in 
accordance with the provisions of 40 CFR 64.7(d)(1). [s. 285.65(3}, 
Wis, Stats.] 

1 If the compliance emission tests cannot b~ conducted within 180 days after the start of initial operation. the permi! holder may 
request and HIe Department may approve, In Writing, an extension of time \0 conduct the test(s). .. 
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b. Compliance'Oeo,onstration: 

(a)Tha permitte¢shall comply with the NSPS compliance 
determination pwcedufE!sand methods per s, NR 440.20(6). Wis. 
Adm. Code and;s:NR440,2Q(8), Wis~ Adm. Code. A copy of the 
requirements attached. with the permlt,[s. 285.65(3), Wis, 'Stats,] 

........................... __ ... __ .. _ .......... _-------------....... 

c. Test Methods, Recordkeeping, and Monitoring: 

(11}Thepermittee shall comply with the NSPS reporting requirements 
per s. NR 440.20(9). Wis. Adm. Code, A copy of the requirements 
attached with the permit [s, 285,65(3); Wis .. Stats,J 

,/ 
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a. Limitations: (1) 0.15 pound per million Btu heat input for all periods. including startup and. shut down, averaged over any consecutive 
3()"day period. (BACT) (2) Uncontrolled sulfur dioxide emission rate in the coal shall be limited to 4,0 pound per million Btu, averaged over 
ariycohsecutive30-day period. (BACT) [5. NR 405.08(2), Wis. Adm. Code, s. NR 440;20(4), Wis. Adm. Code, s,285,65(3), Wis. Slats.] 
See Note 1 

b. Compliance Demonstration: 

(1 ) IniUal compliance emission tests shaH be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission limitation. [so NR 439.07, Wis. Adm. Code] 

(2) Sulfur Dioxide Emissions shall be controlled by the use of wet 
flue gas desulfurization (FGDS) System to meet the BACT 
emission limits. [so NR 405.08(2), Wis. Adm. Code] 

(3) The absorber recirculation (AR) slurry flow rate to the wet flue 
ga$ desulfurization(FGD) system shaH be periodically monitored 
and maintained within the range specified under condition 
I.A.3.c.(4). [So 285.6S(3), Wis. Stats.] 

(4)'(a)TheboHermaybe fired on coal and/or coal/ash fuel blend, 
excepf.duringperiods.of start-up and load stabilization when 
naturalgasand/orlowsulfur fuel oil may also be utilized as a fuel. 
(b}Thearnountof ash fired in the boiler may not exceed 5% by 
weight averaged over any consecutive 30 day period. [so NR 
405,08(2), Wis: Adm. Code, s. NR 406.10, Wis. Adm. Code,s. 
285.65(3), Wis. Stats.] 

(S) (a) The permittee shall demonstrate compliance with the coal 
sulfur limit in I.A3.a,(2)] by utilizing coal sampling and analysis of 
the coal as it is shipped from the mine. (b) The permittee shall 
pro'videthe sampling and analysis protocol at least four months 
prior to the initialoperahon of the boiter to the Department for 
approval. (c) .In the event that mine sampling and analysis is 
unavailable, the Permittee shall use as received fuel sampling and 
analysis procedures in accordance with s. NR 439.08, Wis. Adm. 
Code to demonstrate compliance vvlth this limit. (d) In lieLl of fuel 
sampling and analysis, the permittee may demonstrate compliance 
with the coal sulfur limit in I.A.3.a.(2) by using emissions data 
memsuroo by a continuous emission monitoring system at the inlet 
to theFGDsystem. [s, 285.65(3), Wis. Stats .. s. NR 439.08, Wis. 
Adm. Code] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for SulfurDioxide Emissions: Whenever 
compliance emission testing is required, US EPA Method 6, 6A or 6G 
shall be used to demonstrate compliance or an alternate method 
approved in writing by the Department, shail be used, 
[so NR 439.06(2), Wis. Adm. Code] 

(2) (a) The permittee. shall install, calibrate, maintain and operate a 
continuous emission monitoring system, and record the output of the 
system, for measuring the sulfur dioxide and oxygen or carbon dioxide 
content of the flue gases 8teach location where sulfur dioxide 
emissions are monitored. (b)Continuous emissions monitoring 
systems shall be Installed and operated in accordance with 40 CFR 
Part 7S, s. NR 440.20(7)(b),Wis, Adm. Code and s. NR 439.06(4). 
Wis. Adm. Code. [so 285.65(10), Wis. Stats.] 

(3) The permittee shall use continuous emission monitoring methods 
and procedures under s. NR 440.20(7)(b), Wis. Adm. Code ands, NR 
439.09, Wis. Adm. Code to comply with the NSPS monitoring 
requirements. [so NR 439.09, Wis. Adm. Code) 

(4) The permittee sl1all provide to the department. at least 4 months 
prior to the expiration of the construction permit,information on the 
operational absorber recirculation (AR) slurry flow rate to the FGD 
system to be used for monitoring the absorber recirculation (AR) slurry 
flow rate to the FGD system, as required under COndition 1.A.3.b.(2), 
and shaH incorporate this ihformation into the Malfunction Prevention 
and Abatement Plan. (MPAP) [so 285.65(10), Wis. Stats.] 

(5) The permittee shail submit quarterly reports to the Department on 
the information required under condition I.A;3.b.(5} for each train of 
coal received during the calendar quarter. [so 285.65(3), Wis. Stats., s. 
28S.6S( 1 0), Wis. Stats.] 

Note t: The proposed boiler is subject to NSPS requirement for sulfur dioxide under s. NR 440.20( 4), Wis. Adm, 
Code. The NSPS limit for sulfur dioxide varies depending upon fuel sulfur content. with either a 90% reduction and 
1.2 pound per million Btu limitations or a 70% reduction when emissions are below 0.60 pound per million Btu. The 
NSPS Hmits apply at all times except during periods of startup. shut down or when emergency conditions exist and 
the procedures under s. NR 440.20(6)(d), Wis, Adm. Code is implemented. The BACT limits for sulfur dioxide is 
more restrictive then the sulfur dioxide emission limits under NSPS, thus the boiler is expected to meet the sulfur 
dioxide emission limits under NSPS. 
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b. Compliance Demonstration: 

(6) The permitte~shaUde'}lonstfate compliance with the sulfur 
dioxide emission limits contained in 1.A.3.a. (1) Using emissions 
data measured py the cQQtipuQUS emission monitoring system 
required by LA.3.c.{2}as follows: 
(a) Daily averag~ concentrationshail be calculated each (',slendar 
day by combiningtl1e §ulfurcjioxideconcentration and.diluent 
contentraUon(h) %Q20r ~/oCO~) measurement consistent with 
the procedures sp~<;i~edin40CFR Part75 Appendix F. [8. 
285.65(3), Wis. Steis;, s; 285.65(10), Wis. Slats.] 

(7) The perTittee ~rall perfomlthe compliance emission. tests 
required undereondition I.A.3.9:(1)every,24 months withih 60 days 
from. the date ofl the last stack. test· as Ismg as the permit remains 
valid, [so NR 439.075(3)(b) Wis. Adm; Code) 

(8)The permittee shall comply with the NSPS compliance 
determination procedures and methods per s~ NR 440.20(6), Wis, 
Adm. Code and :5. NR 440.20(.8}, Wis. Adm. Code, •.. A copydf the 
requirements attached with the permit. [$. 285;65(3), Wis; Stats.] 

(9) (a) Sulfur dioxide emis$ionsshall be limited to 1,150 pounds 
per hour averaged over anyconsecutlve 3-hour period and sulfur 
dioxide emissions shall be limitt3d to 1 ,050 pounds per hour 
averaged over any GOhsecutlve24~h~ur periQd.These condltlons 
are established to ensure compliance with PSD increments and 
NAAQS, At these emfssion rates the air quality standards are 
expected to be protected, [5,285,65(3). Wis. Stats., s, 285.65(7), 
Wis. Stats.} 
(b) The permittee shall use t.he CEMs data to demonstrate 
compliance with permit condition LA.:3.b.(9)(a), [8,285.65(3), Wis, 
Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(6) The permittee shall comply with the NSPS reporting requirements 
per s. NR 440,20(9), Wis. Adm. Code. A copy of the requirements 
attached with the permit. Is. 285.65(3),' Wis. Stats.] 

(7) The permitteesha!l keep appropriate records to comply with permit 
condition I.A:3.b. (9). [so 285.65(3), Wis. Stats.] 

(8) The permittee shall keep appropriate records to ensure compliance 
'With permit condition 1.A.3.b.(4)(b}. [5,285.65(3), Wis. Stats.] 
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a. Limitations: (1) O.07'pound per million Btu heat input during normal operation not including periods of startup and shut down, averaged 
ovetanyconsecutive 30-day period. (BACT) Is. NR 405.08(2), Wis. Adm. Code, s. 285.65(3). Wis. Stats.]; (2) 0.07 pound per million Btu 
heatinput for all periods including startup and shut down, averaged over any consecutive 12-mo.nth period. (BACT) [5. NR 405.08(2). Wis. 
Adrl'l; Code; s. NR 44020(5)a.1" Wis. Adm: Code, S. 285.65(3). Wis. Stets.] See Notes 1; 2, 3 

b. Compliance Demonstration: 

(1) initial Compliance emission tests shall be conducted within 180 
days after the start of operation of the process to show compliance 
\<\lith the emission Iimitatlon,2 [5. NR 439.07, Wis. Adm. Code] 

(2) Nitrogen Oxide Emissions shall be controlled using low NOx 
burners, good combustion practices and a Selective Catalytic 
Reduction (SCR) System to meet the BACT emission limits. [so NR 
405.08(2), Wis. Adm. Code, s. 285.65(3}, Wis. Stats.] 

(3) The permittee shall demonstrate compliance with the NOx 
emission limit as follows: 

(a) NOx emissions shall be calculated based on each 24-hour 
calendar period. 

(b) 24 hour emissions shall be calculated by combining the NOx 
concentration and diluent concentration (in % 02 or % C02) 
measurement consistent with the procedures specified h. 40 CFR 
Part 75 Appendix F. 

(c)·12 consecutive months concentrations shall be calculated 
basedoo the calculations of the daily concentrations, 
[5. 285.65(3),·WiS. Stats.] 

(4) The permittee shall maintain the ranges of the parameters 
identlfiedincondition 1.A.4.c.(5)a.-d., to meet good combustion 
practices and/or maintain proper operation of the SCR [so 
285.65(3), Wis. Stats.] 

(5) The permittee shall perform the compliance emission tests 
required under condition I.A4.b.( 1) every 60 months within 60 days 
from the date of the last stack test as long as the permit remains 
valid. [so NR439.075(3)(b) Wis. Adm. Code] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Nitrogen OXide Emissions: Whenever 
compliance emission testing is'required, US EPA Method 7 or an 
alternate method approved in writing by the Department shall be used 
to demonstrate compliance or an alternate method approved in writing 
by the Department, shall be used. [5. NR 439.06(6), Wis. Adm .. Code] 

(2) The pem1ittee shall im;tall and operate continuous emissions 
monitoring systems (CEMs) for NOx arid carbon dioxide or oxygen 
within 60 days after initial start up of the boiler. The CEMs shall be 
calibrated within 90 days after initial start up of the boiler. Continuous 
emissions monitoring systems shaUbe installed and operated in 
accordance \<\lith 40 CFRPart75, s, NR 440.20(7Xd), Wis. Adrn;Code 
and s. NR 439.06(6Xb), Wis. Adm. Code requirements.[s. 285,65(3). 
Wis. Stats.; s, NR439,06, Wis. Adm. Code] 

(3) The permittee shat! certify the CEMs in accordance with 40 CFR 
Part 75 Appendix A. [so 285.65(3), Wis, Stats.,s. 285.65(,10), Wis. 
Stats.} 

(4) The permittee shall keep appropriate records of the strip chart; 
round chart or data acquisition (DAS) system/electronicdata storage 
continuously. [so 285.65(3), Wis.Stats., s, 285.65(10), Wis. Slats.) 

(5) During operation. the facility Wil! calculate or continuously monit()f 
and record the unit heat input ~nd the folloVlfing operating parameters 
on an hourly basis. 
e. Furnace outlet temperature, inc1udingSCR inlet temperature. OF 
b. Secondary Air Flow 
c. Primary Air Flow 
d. Fuel FloW Rate 
e. Residence Time (by calculation only) 
Is. 285.65(10), Wis. ·Stats.] 

(6) During the initial performance testing, the permiltee.shal! perform 
simultaneous monitOring of the parameters identified in condition 
LA4.c.(5) to establish operational ranges for incorporation into the 
operation permit. [so 285.65(10),Wis.Stats] 

(7) The permittee shall install, calibrate, maintain and operate 
instrumentation to monitor the parameters identified by condition 
I.A4.c.(5)a. ~ d. [so 285.65(3) and (10), Wis. Stats:] 

2 If the compliance emiSSion tests cannot be conducted within 1 80 days after the start of initial operation. the permIt holder may 
request and the Department may approve, in writing. an extension of time to conduct the test(s). 
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b. Compli.;:tnc~Demonstration: 

(6) The permittee sha!!c9tr'plywith the NSPS compliance 
determination procedure~al'ldmethods per s. NR 440.20(6). Wis~ 
Adm. Cod~. A CQPY of the requirements attached with the permit. 
[so 285.65(3), WiSe Stats.] 

.................................. _------_ ......................... _--

c. TestMethods, Recordkeeping, and Monitoring: 

(8) The permittee shall coinply With the NSP8 reporting requirements 
per s. NR 440.20{9}, Wis. Adm. Code. A copy of the requirements· 
attached with the permit. [so 285.65(3), Wis. Stats.] 

(9) The permittee shaH comply with Ihe genera! and specific 
monitoring requirements unders. NR 428.04(3){a) and (b), Wis. Adm. 
Code. A copy of these requirements attached with the permit [so NR 
428.04(3); Wis. Adm. Code, s. 285.65(3), Wis. Stats.] 

(10) The permittee shall comply with all the recordkeeping and 
reporting requirements under s, NR428.04(4), Wis. Adm. Code. A 
copy of these requirements attached with the permit [8. NR 428.04( 4), 
Wis. Adm. Code, s. 285.65(3), Wis. Stats.] 

(11) The permittee shall comply with all the requirementsfdr 
monitoring. installation, certification, data accounting. compliance 
dates and reporting data prior to Initial certification as required under 
s. NR 428.07(1 )(b). Wis. Adrrt Code •. s. NR 428.07(2)(b)2, Wis. Adtl1~ 
Code, s. NR428.07(3), Wis. Adm. Code: [s. 285.65(3),Wis, Stats,] 

(12) The permitteesha!! monitor NOx and heat input pers. NR 
428.08(1 )(a). Wis. Adm. Code. A copy of these requirements attached 
with the perrnit. [so NR 428.08. Wis. Adrn., Code, s. 285.65(3), Wis. 
Stats.] 

(13) The permittee shall submit quarterly reports per s .. NR 428.09(1). 
(3) AND (4), Wis. Adm. Code. A copy of these requirements attached 
win, the permit. [so NR 428.04(9), Wis. Adm. Code, s. 285.65(3), Wis. 
Stats.] . 

(14) The permittee shall.keep appropriate records to show that the 
boiler is equipped with low NOx burners. (s.285.65(3), Wis. 8tat5.] 

Note 1': Startup period begins with the firing offuel and end when the temperature of the flu gas entering selective 
catajyt,icreduction (SCR) system exceeds 650 degrees F. Th.e shut down p,edod begins when the temperature of the 
flue gas entering SCR system temperature drops below 650 degrees F, and shall end with the cessation of fuel firing. 
Steady state operation is defined as any hour in which no mills are started or stopped or no stablHzation fuel is used 

in the boiler. 

Note 2;: The boiler Is subject to NSPS requirements under s. NR 440.20( 5)(a)1" Wis. Adm. Code for nitrogen oxides. 
The NSPS limit is 0.50 pound per million Btu. The NSPS emission limits for nitrogen oxides apply at all times except 
during periods of startup,shut down or matfunction. The BACT limit for nitrogen oxides under 1.A.4.a,(1)! is more 
restrictive then the nitrogen oxides emission limits under NSPS, thus the boiler is expected to meet the emissibn limit 
for nitrogen oxides under NSPS. 

Note 3: The boiler is subjectto emission limits for nitrogen oxides under s. NR 428.04(2)(a)1.a" Wis. Adm. Code and 
is 0.15 pounds per million Btu of heat input on a 30-day rolling average basis. The BACT limit for nitrogen oxides is 
more restrictive then the nitrogen oxides emissions limit established under s, NR 428,04, Wis. Adm. Code, thus the 
boiler l's expected to meet the nitrogen oxides emission limits Linder s. NR 428.04, Wis. Adm. Code. 
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a~ limitations: (1) 0.12 pound per million Btu heat input during steady state operation, excluding periods of startup, shut down and 
averaged over any consecutive 24-hour period. (BACT) [so NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats., s. 285,65 (7). Wis: 

.• Stats.J See Note 1; (2) 742 pounds per hour excluding periods of startup and shut down. averaged over Glny GQnsecutive 24-hour period. 
(BACT) [so NR 40~.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats ... s. 285.65 (7), Wis. Stats.]; (3) 2,400 pounds per hour during anyone 
hour period. [s. 285.65(3), Wis. Stats.1 See Note 2; (4) 3.250 tons in any 12 consecutive months for all periods, including startup and shut 
down. (BACT) [so NR405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats., s. 285.65 (7); Wis.Stats.] See Note 3 ' 

b. GOry1pliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission limitation.3 [so NR 439.07. Wis. Adm. Code] 

(2)Carboh Monoxide Emissions shall be controlled using low NOx 
burhersandgood combustion practices to meet BACT limits. [so 
NR405.08(2). Wis. Adm. Code, s. 285.65(3). Wis. Stats.1 

(3) The.permittee shall demonstrate compliance with the carbon 
mqooxi~(:lemi~sion limits as follows: 
(a)D'~i!yaverages~all be (jetermined by calculating the arithmetic 
average 9f~U a8pli~ble hourly emission rates for'a calendar day. 
(b) J~e,t1()p~IY~mission rateshali be calculated by combining the 
CO concentration and diluent concentration (in % 02 or % C02) 
measurement consistent with the procedures specified in 40 CFR 
Part 75 Appendix F. The conversion factor, (K), shall be 0.7266 x 
10E..,7·lbCO/ft3 -ppm. 
(c)Theannualemission limit in LA.5;a.(4) shall be calculated 

using and totaling the hourly calculated emission rate. [5. 
285~65(3), Wis. Stats.1 

. (4) Tl1epermittee shan maintain the ranges of the parameters 
ipe9tified in GOndition LA.5.c.(3)a. -d,. to meet good combustion 
praCtices. [so 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Carbon Monoxide Emissions: 
Whenever compliance emission testing is required, US EPA Method 
'10, or an alternate method approved in writing by the Department shall 
be used to demonstrate compliance or an alternate method approved 
in writing by the Department, shall be used, [so NR 439.06(4), Wis. 
Adm. Code] 

(2) The permittee shall install and operate continuous emissions 
monitoring systems (CEMs) for CO and oxygen or C02 within 60 days 
after initial start up of tile boiler. The CEMs shall be calibrated within 
90 days after initial start up of the boiler. Continuous emissions 
monitoring systems shaUbe installed and operated in accordance with 
40 CFR Part 60. Appendix B, and s. NR 439.06(4), Wis. Adm. Code 
requirements. [5. 285.65(3), Wis. Stats., s. NR 439.06, Wis. Adm. 
Code] 

(3) During operation, the facilitywil! calculate or continuously monitor 
and record the unit heat input and the following operating parameters 
on an hourly basis. 
a. Furnace outlet temperature, of 
b. Secondary Air Flow 
c. Primary Air Flow 
d. Fuel Flow Rate 
e. Residence Time (by calculation only) 
[so 285,65(10), Wis. Slats.] 

(5) Th~ permittee shall perform the compliance emissIon tests (4) During the initial performance testing, the permittee shall perform 
r~q~ired,u90er condition I .A.5.b.( 1) every 60 months within 60 days· simultaneous monitOring of the parameters identified in condition 
from the date of the last stack test as long as the permit remains LA.5.c.(3) to establish operational ranges for incorporation into the 
valid. [so NR439.075(3)(b) Wis. Adm. Code] operation permit [so 285.65(10), Wis, Stats.] 

(6) The permittee shaUkeep track of the startup and shut down 
time by monitoring the temperature of the flue gas entering the 
SCR. [s. 285:65(3). Wis. Stats.] 

(5) The permittee shall install, calibrate, maintain and operate 
instrumentation to monitor the parameters identified by condition 
I.A.S.c.(3)a.-d. [5. 285.65(3), Wis. Stats., S. 285.65(10), Wis. Stats.] 

(6) Continuous emiSSion monitoring methods and procedures shall 
comply with the requirements of s. NR 439.09, Wis~ Adm. Code, [s, 
NR 439.09, Wis. Adm. Code] 

(7) The perrnitteeshallkeep appropriate records to sho\Nthat the 
boiler is equipped with low NOx burners. [5. 285.65(3). Wis. Stats.] 

3 !f the compliance emission tests cannot be conducted within 180 days after the start of i!1ilial operation, the permit holder may 
request and the Department may approve, in writing. an extension of time 10 conduct the lest(s). 
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b. CompliCii1cq DemQllstration: c. Test Methods, Recordkeeping, and Monitoring: 

(8) (a) The permittee shall keep records to show that they did not 
exceed the emission limit iIl I.A5.a.(2), (3) and (4) and. condition 
LA.5.b.(3). 

(b) The permittee shall monitor the temperature of the flue gas 
entering the SCR and keep records of the flue gas temperature 
entering the SCR to show compliance with Note 1. [s.285.65(3). Wis. 
Stats.] 

Note 1: Startup period begins with the firing oHual and end when the temperature of the flu gas entering selective 
cataMic reduction (SCR) system exceeds 650 degrees F .. TIle shut do\"Jf) period begins when the temperature of the 
flue gas entering SCR system temperature drops beiow65.G degrees F, and shall end with the cessation of fuel firing. 
Steady state operation is defined as any hour iri Which no mills are started or stopped or no stabilization fuel is used 
in the Iboiler. 

Note 2: This hourlyemission limit iSEJstablished toprotectlhe ambient air quality standards. 

Note 3: This limit 1s based on a BACT Hmit,O.12 pound per million Btu heat iliput x heat input of the boiler, 6,180 
mmBtu/hr x 8,760 hours/year operation x ton/2000 Ibs. 
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(a) Limitations: (1 )0.0035 pound per miltion Btu heat input during steady state operation excluding periods of startup and shut doWn 
averaged over any consecutive 24-hour period. (LAER)[s. NR 408.04, Wis. Adm. Code, s: 285.65(7), Wis. Stats.] See Note 1; (2) 21.6 
pounds per hour excluding periods of startup and shut down, averaged over any consecutive 24-hour period, (LAER) [5. NR 408.04, Wis. 
Aqrn.Gqde, s. 285.65(7). Wis. Stats.] ; (3) 95 tons in any 12 consecutive months for all periods. inCluding startup and shut down. (LAER) [so 
NR 40&04, Wis. Adm. Code;s. 285.65(7}, Wis. Stats.] See Note 2 

b.Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission Iirnitation.4 [so NR 439.07, Wis. Adm. Code] 

(2) VOC Emissions shall be controlled using low NOx burners and 
good combustion practices to meet LAER limits. [so NR 419.03, 
Wis. Adm. Gode, s. 285.65(3). Wis. Stats.] 

(3) The permittee shall maintain the ranges of the parameters 
identified in condition I.A6.c.(2}a.-d" to meet good combustion 
practices (LAER). [s. 285.65(3). Wis. Stats.] 

(4) The permittee shall demonstrate compliance with the volatile 
organic compound emission limit contained in LA6.a. as follows; 

(a) vae emissions shall be calculated based on each 24-hour 
calendar period. 

(b) The permittee BllaH calculate an hourly average emiSSion rate 
based on measured data using eo CEMs required in I.A5.b. (4) 
by combining the CO concentration and diluent concentration (in 
%02 or % C02) measurement, consistent with the procedures 
specified in 40 CFR Part 75 Appendix F, in the foHowing equation: 

VOC actual:= voe limit X (CO actual/CO limit) 

{so 285.65(3). Wis. Stats.] 

(5) The permittee shall provide the foHowing information to the 
Department for approval at least 4 months prior to the initial 
operation: 

(a) Compliance demonstration method that will be used and the 
records that will be. kept to comply with the emission limit in 
LA6.a.(2). and (3). The Department wi!! use this information to 
write the operation permit. [so 285.65(3). Wis. Stats.] 

(6) The permittee shall keep track. of the startup and shut down 
time by monitoring the temperature of the flue gas entering the 
SCR. [so 285.65(3), Wis. Stats,] 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) R~ference Test Method for voe Emissions: Whenever compliance 
emission testing is required, US EPA Method 25A and/or 18 shaH be 
used to demonstrate wmpHance or an alternate method approved in 
writing by the Department, shall be used. [so NR 439.06(3), Wis. Adm. 
Code] 

(2) During operation, the facility will calculate or continuously monitor 
and record the unit heat input and the following operating parameters 
on an hourly basis. 
a. Furnace outlet temperature. ·JF 
b. Secondary Air Flow 
c. Primary Air Flow 
d. Fuel FlOw Rate 
e. Residence Time (by calculation only) 
[5.285.65(10), Wis. Stats.] 

(3) During the initial performance testing, t1le permittee shall perform 
simultaneous monitoring of the parameters identified in condition 
LA6,c,(2) to establish operational ranges for ineorporationinto the 
operation permit. [so 285.65(10), Wis. Stats,] 

(4) The permittee shall install, calibrate, maintain and operate 
instrumentation to monitor the parameters identified by condition 
LA.6.c,(2)a.-d, [so 285.65(3) and (10), Wis. Stats,} 

(5) The permittee shall keep appropriate records to show that the 
boiler is equipped with low NOx burners. [5. 285.65(3), Wis. Stats.} 

(6) The permittee shall monitor the temperature of the flue gas 
entering the SCR and keep records of the flue gas temperature 
entering the SCR to show compliance with Note 1. [so 285.65(3). Wis. 
Stats.] 

Note 1: Tile LAER limit of 0.0035 pound per million Btu heat input equates to 21,6 pounds in any hour at maximum 
output levels. Startup period begins with the firing of fuel and end when the temperature of the flu gas entering 
selective catalytic reduction (SCR) system exceeds 650 degrees F. The shut down period begins when nle 
temperature of the flue gas entering SCR system temperature drops below 650 degrees F. and shall end with the 
cessation of fuel firing. Steady state operation is defined as any hour in vvhlch no mills are started or stopped or no 
stabilization fuel is used in tile boiler. 

Note 2: This limit is based on a LAER limit. 0.0035 pound per million Btu heat input x heat input of the boiler, 6,180 
mmBtu/hr x 8,760 hours/year operation x ton/2000 Ibs. 

_____ . ___ ._."_0 ..... _._. __ ._,, __ . __ .. _._,, __ _ 

4 If the compliance emission tests cannol be conducted within 180 days after the start of initial operation, the permit holder may .. 
request and the Department may approve, in writing, an extenSion ot time to conduct the test(s}. 
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a. Limitations: 7.9poundpertriUion Btu HeatinpuL (BACT) [s, NR 405,08(2). Wis. Adm. Code. s. 285.65(3). Wis. Stats., s. 285.65 (7). 
Wis. Stats] . . . 

b. Compliance DerrionstrcUion: 

(1) tnitieil compliance emission tests shall be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission limitation. 5 [so NR 439.07, Wis. Adm. Code] 

(2) Leademissibnsshall be controlled L!sing a fabric fllter 
bl;l9house syste,m to meet the BACT limit. [ s. 285.65(3), Wis. 
Stats.] 

(3) The fabric fH~er baghouse systernshall be in line and shall be 
operated at aU times when the process is in operation. [so NR. 
406.tO aods. NR407.09(4)(a)1 .• Wis. Adm. Code] 

(4) The operati~g pressyre dtqp rah~e across the fabric filter 
baghouse system shall be determine during the initial testing 
period. [so 285.65(3), Wis. Stats.] 

(5) The pressure drop across the fabric filter baghousesystem 
shall be maintalhed within the range identifledby condition 
LA.7,b.(4). [so NR 407.09(4Xa)1 .. Wis. Adm. Code] 

(6) The perniittee shall perforrn the compliance emission tests 
required under condition LA. 7~b.( 1 ) every 60 months from the date 
of the last stack: test as long a5the perrnit remains valid. [s, : 
285.65(10), Wis:. Stats" s. 285.65{3}. Wis. Stats.] 

c. Test Methods., Recordkeeping, and Monitoring: 

(1) Reference Test Method for Lead Emissions: Whenever compliance 
emission testing is required, US EPA Method 12 or Method 29 shall 
be used to demonstrate compliance or an alternate method approved 
in writing by the Department;: shallbaused. [8, NR 439.06(8). Wis. 
Adm. Code] 

(2) The permittee shall keep and maintain on site technical drawings, 
blueprints or equivalent records of the physical stack parameters. [so 
NR 439.04( 1)( d), Wis. Adm, Code] 

(3) The permittee shall record the pressure drop across the fabric filter 
baghouse system at the beginning of each operating shift. [so NR 
439.055(2)(b)1·., Wis. Adm. Code} 

(4) The permittee shall keep records of ql! inspections, checks and 
any maintenance orrepairs performed oh the fabric filter baghow;e 
system, contail1ingthe date of the action, initials ofinspectqr, and the 
results. [s, NR 439.04(1 Xd)', Wis, Adm. Code] 

(5) Instrumentation to rnonltorthe pressure drop across the fabric filter 
baghQuse system shall beinstaJled and operated properly. [so NR 
439,055{1 )(a1 Wis. Adm. Code] 

5 If the: cornpllanceemission tests cannot be conducted withiri180 days after tile start of initlal operation. the permit holder may 
reques~ and the Department may apprbve, ih writing; an extension of time to conduct the test(s). 
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a~ Limitalions:1 ,~12 pound per trillion Btu Heatlnput (BACT, MACT) [so NR 408.04,Wis. Adm. Code, s. 285.65(7), Wis. Stats.] SeeNote.1 

b. Compliance Demonstration: 

(1) Initialcompllance emission tests shall be conducted within 180 
days after the start of operation o(the process to show compliance 
with the emission Iimitation.6 [s, NR 439,07, Wis. Adm. Code) 

(2) Mercury emissions shall be controlled using a fabric filter 
baghouse system cOupled with the use of a FGDs flue gas 
desulfurizaUon system and SCR to meet the BACT limit. [s. 
285:65(3), Wis; Stats.] 

(3) Compliance demonstration identified earlier in this permit for 
the baghouse system. section LA 1. and the FGD flue gas 
desulfurization system. section ! .A3, and the SCR system, section 
I,A.4, shall··beusedascompliance·demonstration techniques for 
mercury emissions as well. [so 285.65(3). Wis. Stats.] 

(4)JhepermitteeshaU perform4 stack tests within 18 months of 
thEfiniti~loperationand then perform biannual stack test, the first 
of which shall be performed at the beginning of the initial operation 
period an(j every 6 months until the initial operation period has 
been completed. (b) The permittee shall perform the compliance 
ernissii)rltestsrequiredunder condition 1.A.8.b.(1) every 60 
rTionth~Jromthedate of the last stack test as? long as the permit 
remains valid, [s, 285,65(10), Wis. Stats., s, 285.65(3). Wis. 
Stats.] 

(5) (a)The permittee shaH determine mercury emission through 
coal sampling and analysis. The permittee shall monitor monthly 
average mercury content and higher heating value in the coal. (b) 

" The data obtained from the monthly t.cal sampling and analysis 
shall be correlated With the results of the latest emission 
compliance test for the purpose of calculating mercury emission 
rate. [so NR 405.08, Wis, Adm. Code] 

(6) The permittee shaH submit the results of the compliance testing 
to the Department and the Department will review the test results 
and adjust the. emissions limit to more accurate reduction levels for 
mercurywhel1 the operation permit is issued, 

[so 28S.65(3),Wis, Stats" s. 285.65(10). Wis, Stats.] 

c. Test Methods, Recordkeeping; and Monitoring: 

(1) Reference Test Method for Mercury Emissions: Whenever 
compHance emission testing is required, US EPA Method 29 or an 
alternative method approved in writing by the department shalt be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used. [s. NR 439.06(8), Wis. Adm, 
Code] 

(2) The permittee shall record the pressure drop across the fabric 
filter baghouse system at the beginning of each operating shift. (s, NR 
439.055(2}(b)1., Wis. Adm. Code) 

(3) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 1 

system, containing the date of the action •. initials of inspector, and the 
results. [so NR 439.04(1)(d), Wis. Adm. Co\ie] 

(4) Instrumentation to monitor the pressure drop across the fabric filter 
baghouse system shall be installed and operated properly. [5. NR 
439.055(1 )(a), Wis', Adm. Code] 

Note 1: The BACT emiSSion Hmit for Mercury is based on uncontrolled mercury emissions of 11.2 pounds per trillion 
Btu and an control efficiency of 90%. The permittee shall achieve process optimization during the initial operation and 
conduct stack testing for mercury emissions to determine the mercury reduction that is achieved through the use of 
fabric filter, Wet FGD and SCR system. The Department will use the testing information to adjust the emissions limit 
to more accurate reduction levels for mercury when the operation permit is issued . 

. _ ... __ ...... __ ._ .... _-------
6 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation, the permit holder may 
request and the Department may approve, in writing, an extension of time to conduct the test(s), 
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a. Limitations:; 0,00088 po~nd per million Btu heat input. (BACT) [5. NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats., s. 285.65 (7) 
Wis. Stats.] 

b. Complicmc~ Demonstration: 

(1) Initialcompll:anceemisslon tests shall be conducted within 180 
days after the start()foperationof the process to show compliance 
with the emission limitation.? [so NR 439.07; Wis. Adm. Code] 

. . 

(2) Ernissionsof fluorides shall be controlled by a fabric filter 
baghouse system and a FGD system. [so NR 406,10, Wis. Adm. 
Code, s. 285,6~(3), Wis. Stats.} 

(3) Compliance ~empnstration identified earlier in this permit for 
fabric filter baghouse system and the FGD system, section LA3, 
LA,1. shall be used as compliance demonstration techniques. for 
fluoride emissio/lsaswell. [S.285.65(3). Wis.Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Referente Test Method for Emiss/onsof Fluorides: Whenever 
compliance emission testing is required. US EPA Method 138 shall 
be used to demonstrate compliance or an alternate method approved 
in writing by the Department. shall be used. [5, NR 439.06(8). Wis. 
Adm. Code] 

a. Umitations::20%.l opacity or number 1 on the Rlnglemannchart. [so NR 4:~1 .05, Wis. Adm. Code, s; NR 440.20(3)(b), Wis. Adm. Code] 
See Note 1 . 

b. Compliance: Demonstration: 

(1) Opacity shall be controlled using a fabric filter baghouse 
system, [s. 285.fj5(3), Wis. Stats.] 

(2) The fabric filter baghouse system shall be in line and shall be 
operated at all times when the process is in operation .. [so NR 
406JO. Wis, AdtTl. Code, s.NR 407;09(4)(a)1 .. WIs. Adm. Code] " ! . 

c, Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions; Whenever 
compliance emission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used, [5. NR 439.06(9)(a)1 .. , Wis. 
Adm. Code] 

(2) The permittee shall install, calibrate, maintain and operate a 
continuous monitoring system, and record the output of the system, 
for measuring the opacity of emissions discharged tothe 
atmosphere~ [5, NR 440.20(7)(a). Wis. Adm. Code, s. 285.65(1 Q). 
Wis. Stats.] 

(3) Continuous opacity monitoring methods and procedures shall 
comply with therequirements.of s. NR44020(7)(a). Wis. Adm. Code 
and s. NR 439.09, Wis. Adm. Code. [5; NR 439.09, Wis. Adm. Code; 
s. 285.65(3). Wis. Stats.] 

(4) The continuos opaCity monitor (COM) may be located after the 
baghouse and before the WFGD where condensed water vapor is 
not present, because the scpe boHerswlll utilize wet flue gas 
desulfurizatioh· systems which operate at conditions that will have 
condensed water vapor present in the flue gas in the stack. [s. 
285,65(3), Wis. Stats.] 

Note 1:: No owner or operator may caLise to be discharged into the atmosphere any gases which exhibit greater than 
20% opadty (6-minute average), excepUor one6-minute period per hour of not more than 27'1'0 opacity per s. NR 
440.20(3)(b). Wis. Adm. Code; 

7 If the~compHance emission tests cannot be conducted within 180 days after the start of initial operation. the permit holder may 
. request and the Department may approve. in writing, an extension of time to conduct the test(s). 
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a. Limitations: 0.35 pound per trillion Btu heat input. (BACT) [so NR 405.08(2). Wis. Adm. Code, S. 285.65(3), Wis. Stats., s. 285.65 (7) 
Wis. Stats.] 

b. Compliance Demonstration: 

... (1) Initial compliance emission tests shaH be. conducted within 180 
days (ifter the start of operatiqn of the process to show compliance 
with the emiSsion Iimitation.8 [so NR 439,07, Wis. Adm. Code] 

(2) Emissions of beryllium shall becontroHed by a fabric filter 
baghouse system and a FGD System to meet the BACT limit. [so 
NR 406.10, Wis. Adm. Code, s. 285.65(3), Wis. Stats.] 

(3) Compliance demonstration identified earlier in this permit for 
fabric filter baghouse system and the FGD system, section 1.A.3, 
I.A.l. shall be used as compliance demonstration techniques for 
beryllium emissions as well. [so 285.65(3), Wis. Stats.] 

(4) The permittee shall perform the compliance emission tests 
required under condition LA.11.b.(1) every 60 months from the 
date of the last stack test as long as the permit remains valid. [so 
285.65(10), Wis. Stats., s. 285.65(3). Wis, Stats.] 

(5) The permittee shall monitor beryllium emissions through coal 
s<:lrnplingand analysis. The permittee shall monitor monthly 
average beryllium content and higher heating value in the coal. (b) 
The data obtained from the monthly coal sampling and analysis 
shall be correlated with the results of the. latest emission 
compliance test for the purpose of calculating ber/Ilium emiSSion 
rate. [so NR 405.08. Wis. Adm. Code). [8. NR 405.08, Wis. Adm. 
Code] 

c. Test Methods, Recordkeeping,· and Monitoring: 

(1) Reference TestMethodJor Emissions of Beryllium: Whenever 
compliance emission testing is required; US EPA Method 29 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department. shall be used. [s. NR 439.06(8), Wis. Adm. 
Code] 

(2) The permittee shall record the pressure drop aCross the fabric 
fHter baghouse system at the beginning of each operating .shift [so NR 
439.055(2)(b)1 ,; Wis. Adri" Code] 

(3) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results. [so NR 439,04(1 Xd), Wis. Adm. Code] 

(4) Instrumentation to monitor the pressure drop across the fabric filter 
baghouse system shall be installed and operated properly. [5, NR 
439.055(1 )(a), Wis. Adm. Code} 

8 If the compliance emission tests cannot be conducted wilhin180 days after the start of lnillal operation, the permit holder IT\ay 
request and the Department may approve. in Writing, an extension of time to conduct the tcst(s); 
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................... _ ...... _ ..... _._---------.................................... _-

Pollutant: 12. Hazardous airpoHutants{inorganic solid HAPs, inorganic acid HAPs, Organic HAPs) regulated under sec. 112 of the Clean 
Air Act. . 

a. Limitatjon~:(1XT~e p~rrhitteeshalruse fabric filter baghouse and comply with the PM/PM 1 0 limits in I ;A.1.ato meet case· by case 
MACT forinorgani?soHdHAPs;(2) Thepermitleeshall lise a wet flue gas desulfurization system (FGD) and comply with the emission 
limita~ionof collQiti6n I~A;~'(:l:(1) to meet case by case MACTHmits for inorganic acid HAPs; (3) The permittee shall comply with and meet 
theVOCemissjj:m limits to comply with case by case MACT for organic HAPs [so 285.65(13), Wis. Stats.] . 

b, Compliance Demons~ration: 

(1) hlorganic HAPsemissjon shall be controlled using a fabric filter 
baghouse system. [so 285.65(3), Wis. Stats.] 

(2) The compllance demonstration method identified in section 
I.A,1.b.(6), shaU;be used as compliance demonstration techniques 
for inorganic HAPS emission limitations in 1.A.12.a.(1). [so 
28S.65(3), Wis. Stats;] 

I 

(3) InorganiC acid HAPs emission shall be controlled using a wet 
f1uegasdesulf~Jrizati0flsysterT1(FGD) [5. 285.6S(3), Wis. Stats.} 

(4) The compliance demonstration method identified in section 
I.A3.b.(S), shalljbe used as compliance demonstration techniques 
for inorganic acid HAPs emission limitations in 1.A.12.a. (2). [5. 
285.65(3), Wis. ?tats.] 

(5) Organic HAPs emission shall be controlled using good 
combustion pra<;:tices. [s.28S.65(3), Wis. Stats.] 

(6) The compHa~ce demonstration method identified in section 
LA6.b.(2).(3), and (4) shall be llsedasGQmpliance demonstration 
techniques for organic HAPs emission limitations in LA12,a. (3). 
[so 285.65(3), Wiis. Stats,} 

(7) The amount of ash fired in the SCPC boilers may not exceed 
5% by weight a~eraged over any consecutive 30-day period. [so 
285.6S(3}, Wis. Stats.} 

(8) The permittee shall analyze the ash fired as fuel at least once a 
year and any time a different coal is used to ensure the fly ash and 
bottom ashmee·t the definition of toal and thus the lise of this ash 
is exempt from the requirements of ch. NR 445. Wis. Adm. Code. 
(5. 285.65(3). WIS. Stats.] 

\ 

c, Test Methods, Recordkeeping,and Monitoring: 

(1) Refe~eriCe Test Method for organic HAPs Emissions; inorganic 
solid HAPs, and inorganiC acid HAPs: Whenever compliance testing 
is required, a compliance test protocol approved in writing by the 
Department, shall b¢ used. [5. NR439,06(8), Wis. Adm. Code} 

(2) The permitt~e shall shall keep appropriate records to 
demonstrate compllancewlth permit conditions 1.A.12.b;(7) and (8). 
[so 285.65(3), Wis. Stats.] 
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. ~ , 

limitations: (1) 5 ppm and 20 pounds per hour9 [s, NR 445,04(1). Wis. Adm. Code} 

b. Compliance Demonstration: 

(J)The permittee shall demonstrate compliance with applicable 
ammonia hourly emission limit by performing a stack test using 
USEPA conditional test Method 027,wlthin180 days after initial 
start up of the boiler 1 0, 

(a) Compliance emission tests shall be conducted at 100% load 
operation. 

(b) If operation at the 100% load is not feasible, the source shall 
operate at a capacity leve! that is approved by the Department in 
writing, [so NR 439,075(3), Wis, Adm. Code1 

(2) The permittee shall perform the compliance emission tests 
required under condition LA,13.b,(1) every 60 months from the 
date of the last stack test as !ong as the permit remains valid, [5. 
285.65(19), Wis. Stats" s, 285.65(3), Wis. Slats,] 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference.Test Method for Ammonia: Whenever compliance 
testing for ammonia is required. USEPA Method 027, or an alternate 
method approved in writing by the Department. shall be used. [5; NR 
439.06(8), Wis, Adm. Code] 

l) These emissions do not result from combustion, Aqueous ammonia is used as the reagent for the SCR Ammonia t.hat does not 
react is exhausted out of the stack, 

10 If the compliance emission tests cannot be conducted within 180days after the start of initial operation, the permit holder may 
requesl and the Department may approve, in writing, an extension of time to conduct the lest(s), 
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a. Limitations: 0,010 pbundper million Btu heat input, based upon a 24-hour average. (BACT) [so NR 405.0[3(2), Wi,s. Adm. Code] 

b. CompUanc~ Demonstrfiltion: 
. , 

(1) Initial c9mpli,anc~ernis~i9Pt~~tsshall be c::orlduct~d.\Nithin 180 
Oays aft~r the.st~rt?f9peration()fthe prqces5 tosh()w ' 
cOrnpliance withtl')e~1'I1i$~ion Iimitation.11 [so NR 439;07, Wis. 
Adm. Code1 ' 

(2) Sulfuric adp mist emissions shall be controlled by a FGD 
system and lJV'ete!~trqstotic precipitator system to rneetthe 
BACT rin1it~. fs.NR405.08(2), Wis. Adm, Code] 

(3) The, boiler m,ay ol1iy~~~r~9,9n cpR1pnd/or ash fuel blend, 
except for pe~iodsof.start-:up and I()~d sttiQilization when natural 
gas or fu~1 oil.mayalsp be utHi~edaT,.,~.fuel. [5. NR 405.08(2), 
Wis. Adm. Code, s.NR 406.10, Wis.Adm. Code,s. 285.65(3), 
Wis. Stats:] 

(4) The p~rmittee shall perform the compliaflce em.issiontests 
required under yondition LA.14.b,(1) every 60monthsJrorn the 
date of the last stack test as long as the permit remains valid. [s, 
NR 439.075(3}(t»Wis. Adm. Code] 

(5) The absorbElrrecirculation (AR) slurry flowrate of water to the 
FGD system shall be periodically monitored and maintained within 
the range specified underconditton 1.A.14.c,(2). [so 285,65(3), Wis. 
Stats.] 

(6) The sulfur content of fuel oil to be used during periods of start
up and load. stabilization may.o9texc::eed 0.003%, by weight [s. 
405.08(2), Wis. :Adm. Code, S. 285.65(3). Wis. Stats.] 

(7) During thein/tial performance testing, the permiUee shall 
perform simultaneous monitoring ofthe parameters identified in 
condition LA,14:c.(5) to establish operational ranges for 
incorporation into the operation permit. [so 285.65(10), Wis. Stats.] 

(8) The permittee shall maintain the ranges of the parameters 
identified in condition 1.A.14.c.(5)a.-d .• to meet good combustion 
practices, [5, 285.65(3). Wis. Stats.] 

i 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test MethQd for Sulfur Add Mist Emissions: Whenever 
cbmp!iance emissiontesting isreq~ired, US EPA Method 8. shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used. [so NR 439.06(8), Wis. Adm. 
Code] 

. (2) The permittee shall provide to the department, at least. 4 months 
prior to the expiration of the construction permit. information on the 
operational Water flow rate to the FGD system to be. used for 
monitoring the flow rate of water to the FGDsystem,as required under 
condition I.A14.b,(7). [5,285.65(10). Wis, $tats.J 

(3) Compliance wi~h the fuel oil sulfur requirements of LA.14.b:(6) shall 
be determined using periodiC sampling and analYSis using methods 
and procedures specified under condition 1.A.13.c,(4), [s, NR 
439,06(2)(c), Wis, Adm. Code] 

(4) The sulfur content of a Hquid fossil fuel sample shall be determined 
according to ASTM 0129-95, Standard Test Method f9r Sulfur in 
Petroleum Products (General Bomb Method). ASTM 01552-95, 
Standard Test Methqd for SUlfur iii Petroleum Products (High
Temperature Method). or ASTM 04294-98, Standard Test Method for 
Sulfur in Petroleum Products by Energy-Dispersive X-ray 
Fluorescence Spectroscopy. [5. NR 439.08(2)(b), Wis. Adm, Code] 

(5) During operation. the facility will calculate or continuously monitor 
and record the unit heat input and the following operating parameters 
on an hourly basis. 
a. Furnace outlet temperature, OF 
b.Secondary Air Flow 
c, Primary Air Flow 
d. Fuel Flow Rate 
e, Residence Time (by calculation only) 
[5.285.65(10). Wis, Stats.] 

(6) The, permittee shall iostall, calibrate, maintain and operate 
instrumentation to monitor the parameters identified by condition 
I.A 14.c.(5)a.-d. [s. 285.65(3) and (10)" Wig, Stats·1 

I 
11 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation, the permiiholder may 
request and the Department may approve, in writing, an extension of time to conduct the test(s}, 
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a.Limitations: 16.2 pounds per hour, based upon a 24-hour average (MACT), regulated under soc. 1120f the Clean Air Act. 
285.65(3), Wis. Stats.} 

.b. Compliance Demonstration: 

(1}lniti?l1 compliance emission tests shall be conducted within 180 
dey'~after the start of operation of the process to show 
C9'mpliance with the emission limitation, [so NR 439.07, Wis. 
Adm. Code] 

(3) Hydrogen Chloride emissions shall be controlled by tho use of 
wet,f1ue gas desulfurization (FGDS) Systems to meet the 
MACT limits. Is. NR 405.08(2). Wis. Adm. Code] 

(3) The boiler may only be fired on coal amjfor ash fuel blend, 
except for periods of start-up and load stabilization when natural 
~as?rfu~l.oi!mayalso be utilized as afueL [so NR405.08(2). 
yvi?f\~m.Code. s. NR 406.10, Wis. Adm. Code, s. 285.65(3). 
Wis. St~ts.] 

(4) The permittee shall perform the compliance emission tests 
r~q~jr~pngerco9djtion 1.A.1S.b.(1)every 60 months from the 
datepf.the.l.aststack.t~st. as long as the permit remains valid. [so 
NR 439.07S(3)(b} Wis; Adm. Code] 

(5) Th~abs()rbe( recirculation (AR) slurry flow rate of water to the 
FGD syst~rn Shall beP~riodically monitored and maintained within 
therang~specifledunder conditionl.A.15;c.(2). [so 285.65(3), Wis. 
Slats.] .. , 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference Test Method for HydrOflenChloride Emissions; 
Whenever compfiance emission testing is required, US EPA Method 
26A shall be used to demonstrate compliance or an alternate method 
approved in writing by the Department, shall be used. [5. NR 
439.06(8). Wis. Adm. Code] 

(2) The permittee shaH provide to the department, at least 4 months 
prior to the expiration of the construction permit, information on the 
operational absorber redrculation(AR) slurry flow rate to the FGD 
system to be usedfor.rnonitoring Uw absorber recirculation (AR) slurry 
flow rate to the FGD system, as required under conditiqn LAJ 5~b',(3), 
and shall incorporate this lnformation into the Malfunqtion Prevention 
and Abatement Plan, [5, 285.65(10), Wis. Stats.1 

(3) Instrumentation to. monitor the absorber reclrulation (AR)sl~ny 
flow rate to the wet flue gas desulfurlzation(FGD) system shall b~ 
installed and operated properly. [so NR 439.055(1 )(a), Wis. Adm. 
Code] 
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a. Limitations: (1) The emission~ may ,not exceed 0.007 pound per million Btu when firing natural gas. (BACT); (2) The emissions may not 
exceed 0,05 pound per million Btu when firing fuel oil having a maximum sulfur content of 0.003% by weight. (BACT); (3) The use of 
good com~u~Uon practices. (BACT); (4) The total heat input may not exceed 498,000 mmBtu. in any 12 consecutive months, of which no 
more than 122,50Q,mmBtumay.be from the combustion of fuel oil In any 12 consecutive monthS. [5. NR 405.08(2), Wis. Adm. Code, s. 
285.65(3), Wis. Stats., s. '285.65(7), Wis. Stats.] See Note 1 

b. Complial1c~ Demonstration: 

(1) Initial comp!J~ncE}E9mi$si().0If)sts~hall be conducted within 180 
days after the stC1li of operaI!Ql1of thE9 process to showcompHance 
with the emission Iimitatiqn \Vren firing distillate fuel 011.12 [so NR 
439.07, Wis. Ad,rn. Code] . 

(2) The permittee shall determine the hourly emissions using fuel 
consumption records and emissions factordetermined by stack 
testing. [so 285.'65(3), Wis. Stats.] 

(3) Stack Parameters These requirements are included because 
the source was reviewed with these stack. parameters and it was 
determined that: no in~rerTlents o~ ambient air quality standards will 
be violated when constructed as proposed, 

(a) The stack height shall be at least 280,0 feet above ground 
eve!. [so 285.65(3); Wis. Stats., s. NRAOQ.10, Wis. Adm, Code] 

(b) The stack i~side diameter at theoutiet may not exceed 5.0 
eeL [so 285.65(3), Wi~, Stats., s. NR 406.10, Wis. Adm. Code] 

(4) The permittee shall fire natural gas andlor fuel oil having a 
maximum sulfur. contentof 0.003% by weight. This condition is 
established to meet BACT emission limit [ s, NR 405,08(2), Wis. 
Adm. Code] , 

(5) The permittee shall provide the following information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustion pra¢tices : (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the. boiler and (b) A list of items that will be checked and 
maintained and their frequency, to ensure that the boiler is 
operating properly .. This information will be used by the 
Department to establish appropriate permit conditions in the 
operation permit [so 285.65(3), Wis. Stats., s. 285.65(10), Wis. 
Stats.] 

(6) The permitte~ shall keep daily records of the type and amount 
of fuel fired in the boiler and shall calculate heat input to the unit on 
a dally basis .. The heat input used records shall be compiled on an . 
annual basis to show compliance with 1.8.1.a. (4). [s. 285.65(3), 
Wis, Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate MaUer Emissions: 
Whenever compliance emission testing is required, test procedures in 
40 CFR 60, Appendix A. Reference Method 5, including backhalf 
(Method 202) shall be used to demonstrate compliance or an altemate 
method approved in writing by the Department. Shall be us.ed. [so NR 
439.06(1). Wis. Adm. Code] 

(2) The permittee shall keep and maintain on .site technical drawings, 
blueprints or equivalent records of the physical stack parameters. [5, 
NR 439.04(1)(d), Wis. Adm, Code] 

(3) The permittee shall keep records on the heat input used as 
required in condition I.B.1.b.(6). [so 285.65(10). Wis. Stats., s. 
285.65(3), Wis. Stats,] . . 

(4) The perrnittee shall keep retain on Site, plans and specifications 
that indicate the process's fuel design capabilities. [s. NR 
439. 04( 1 X d). Wis, Adm. Code] 

(5) The permittee sha!! record information on the maintenance 
required in condition LB.1.b.(5). [5. NR 439 .. 04(1)(a)6, Wis. Adm. 
Code] 

Notel.; The boiler is subject to NSPS requirements under s. NR 440.205, Wis. Adm. Code for particulate matter. Jhe 
only New Source Performance Standards (NSPS) standard that will be applicable to the boiler for PM is. in the form of 
an opacity standard when fuel oil is fired per 40 CFR Part 60.43b(f) ands. NR 440.205(4) (f). Wis. Adm. Code. 

J 2 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation, the permit hOlder may 
request and the Department may approve, in writing. an extension of time to conduct the test(s). 
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U~itatio~s: (1) The emissions may not exceed 0.Q07 pound per million Btu when firing natural gas. (BACT).; (2) The emissions may not 
.exc~edO~05 pound per million Btu when firing fuel oil having a maximum sulfur content of 0.003% by weight (BACT); (3) The use of good 
C(jTbu~tionpractiCe~.,(BACT); (4) The total heat input may not exceed 498,000 mmBtu In any 12 consecutive months, of which no more 
than 122,500 mmBtu may be from the combustion of fuel oil in any 12 consecutive months. (5. NR 405.08(2), Wis. Adm. Code, s. 285.65(3}, 
Wis. Stats., s. 285.65(7}, Wis. Stats.] 

b, Compliance Demonstration: 

(1) . Initial compliance emission tests shall be conducted wlthin 180 
days after the start of operation of the process to show compliance 
with the emission limitation. 13 [so NR 439.07, Wis;Adm. Code] 

(1) The permittee shall determine the hOUrly emissrons using fuet 
consumption records and emissions factor determined by 
stack testing. [5. 285.65(3), Wis. Stats.] 

(3) Stack Parameters: These requirements are included because 
the source was reviewed with these stack parameters and it was 
etermined that no increments or ambient air quality standards will 
e violated when constructed as proposed. 

(a) The stack height shall be at least 280 feet above ground 
level. [5,285.65(3). Wis. Stats., s. NR 406,10, Wis. Adm. Code] 

(b) The stack inside diameter at the outlet may not exceed 5.0 
feet. [so 285.65(3), Wis. Stats., s. NR 406.10, Wis. Adm. Code] 

(4) The permitteeshalUirenatural gas and/or fuel having a 
maximum sutfurcontetlt of O,003ryo by weight This condition is 
established to meet BACT emission limit. [so NR 405.08(2), Wis. 
Adm. Code, s. 285.65(3), Wis. Stats.] 

(5) The permittee shall provide the foliowlng information to the 
Department at least four months prior to the expiration of the 
construction permit to dernonstrate compHa,!ce with good 
combustion practices: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the boiler; and (b) A list of items that will be checked and 
maintained and their frequency, to ensure that boller is operating 
properly, This information lAil! be used by the Department to 
establiSh appropriate permit conditions in the operation permit. [so 
285.65(3). Wis. Stats., s. 285.65(10), Wis. Stats.] 

(6) The permittee shall keep daily records of the type and amount 
of fuel fired in the boiler and shall calculate heat input to the unit on 
a daily basis. The heat input used records shall be compiled on an 
annual basis to show compliance with 1.8.2.a. (4). [s. 285.65(3), 
Wis. Stats.] 

c. Test Methods. Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissl(:ms: 
Whenever compliance emission testing is required; US EPA Method 
5, including backhalf (Method 202) shan be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [so NR439.06(1), Wis. Adm. Code] 

(2) The permittee shall keep and maintain on site technical drawings, 
blueprints or equivalent records of the physical stack parameters. [so 
NR 439.0:4(1 Xd), WIs. Adm. Code] 

(3) The permittee shall keep records on the heat input used as 
required in condition I.B.2,b.(6), [s. 285.65(10),Wis, Stats., s. 
285.65(3), Wis. Stats.] 

(4) The pennlttee shaUkeep retain on site, plans and specifications that 
indicate the process's fuel design capabilities. (s. NR 439.04(1 Xd), Wis. 
Adm. Code] 

(5) The permittee shall record information on the maintenance 
required in condition LB.2.b.(5). [5. NR 439;04(1 )(a)6, Wis. Adm. 
Code] 

13 If the compliance emission tests cannot be conducted within 180 days alter the start of initial operation, the permit holder may 
request and the Depal1menl may approve, in writing, an extension of time to conduct the tesl(s). 
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a. U",itations:(J) The emissions may not exceed 0.0024 pound per million Btu when firing natural g'as. (BACT); (2) The 
emlssipns may not exceed 0,0032 pound per million Btu when firing fuel oil having a maximum sulfur contentofD,D03% by weigh~. 
(BACli); (3)IneL)seof good combustion practices, (BACT); (4) The total heaUnput may not exceed 498,QDO mmBtu in any 12 
conse~utivernqnths. of which no more than 122,500 mmBtu may be fromthe combustion of fuel oilin any 12 consecutive months. 
[s. NR r405~08(2);Wis, Adm. Code,s. 285.65(3), Wis. Stats., s. 285.65(7). Wis. Stats.] See Note 1 

I 

b. Comp(janc~ Demonstration: 

(1) The permitt~~'sh~il determine the hourly emissions using fuel 
consumption records, fuel$iJlfurcontent and vendor provided or 
AP-42 emission:, factors. [so 285~65(3), Wis, Stats.] 

(2) Thepermitteeshallfire natural gas and/or fuel oi,1 having a 
maximum s'ulful' content of 0:003% by weight. This condition is 
established to meet BACT emission limit. [ s. NR. 405.08(2). Wis, 
Adm. Code] 

(3) The permittee shaUprovidethe fpllowing information to the 
Departmentatlea!;t fOllrrnonth~ prior to the expiration of the 
construction permit to demonstrate compllance with good 
combustion practices: (a) A copy of the original equipment 
marlufacturer (QEM) procedures that should be followed to 
maintain the boi,Jer; and (b) A list of items that will be checked and 
maintained andttheir frequency, to ensure that boiler is operating 
properly. This information will be used by the Department to 
. establish approwiate permit conditions in the operation permit. [so 
285.65(3), Wis. Stats.! s. 285.65(1 D), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Sulfur Dioxide Emissions: Whenever 
compliance emission testing is required, US EPA Method 6, 6A or 60 
shall be used to demonstrate compliance or an alternate method 
approved in writing by the Department, shall be used. [so NR 
439.06(2), WIs. Adrn. Code1 

(2) The permittee shall keeprecords on the heat input used as 
required in condition I.R3.b.(8). [5. 28£),65(10), Wis. Stats., s. 
285.65(3), Wis. Stats.] 

(3) The permittee shall keep retain on site. plans and specifications 
that indicate the process's fuel design capabilities. [so NR . 
439.04(1)(d), Wis. Adm. Code] 

(4) The. permittee shall record information on the maintenance 
required in condition I.R3.b.(3). (5. NR 439.D4(1 )(a)6, Wis. Adm. 
Code] . 

Note 1: The sulfur dIoxide New Source Performance Standard (NSPS) in Subpart Db ands. NR 440.205(3), Wis, 
Adm. Code will be applicable to the boiler only when fuel oil is fired. Based on vendorspecificatiol1 for fliel oil and/the 
proposed BACT limits, the sulfur percentage of the Wei wil! not exceed 0,05% by weight. Thus it meets the definition 
for "very low sulfur fuel oil" given in 4D CFR 60.41 and s, N.R 440.205(2)(zj), Wis, Adm, Code, Affected sources 
combusting on!yvery low sulfur fuel oJI are not subject to percent reduction requirements required under 40 CFR 
60.42(a) per s. NR 440.205(3)(j), Wis. Adm. Code. AlsQ, facilities that combust very low sulfur fuel oil are not required 
to conduct performance testing or [nsta!! and operate continuous monitors for sulfur dioxide and if fuel receipts are 
maintained. 
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b~. Compliance Demonstration: 

(4)A representative sample shall .be taken from each fuel lot of 
fueLoil received. The sample shall be analyzed by the permittee 
for the sutfurcontent by weight using procedures outline In s. NR 
439.08(2). Wis. Adm. Code and the analysis shall be retained by 
the permittee for a period of at least five years. [so 285.65(3). Wis, 
Stats.] 

(5) The Department will accept, in lieu of an analysis on each fuel 
lot under (4) above, an analysis of a representative sample of the 
fuel lot of distillate fuel oil from which the fuel lot was taken. [so 
285.65(3), Wis. Stats.] 

(6) The permittee shall retain copies of Its distillate fuel oil 
supplier's fuel sulfur and heat content analyses at the facility for 
each fuel lot of distillate fuel oil received pursuant .to 40 CFR 
60.334 fot a period of five years. (5. NR 439.04(2). Wis. Adm. 
Code, s~ 285.65(3), Wis, Stats.] 

(7) The permitte~shal! further obtain certification from the fuel 
supplier that the applicable methods in $. NR 439.08(2), Wis. Adm. 
Code, were followed, if appllcable, by the supplier in the 
prep<3rati~n o(said sulfur and heat content analyses. The fuel lot's 
quantity of fuel· oil shall be included with the copies of these 
analyses. [so 285.65(3), Wis. Stats,] 

(8) The permittee shall keep daily records of the type and amount 
of fuel fired in the boiler and shall calculate heat input to the unit on 
a daily baSts, The heat input used records shall be compiled on an 
annual basis to show compliance wlthlB.3.a. (4). [so 285.65(3), 
Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(5) The permittee shall keep records required under condition 
I.B.3.b.(4} - (7). [so NR 439.04(1 )(d), Wis. Adm. Code] 

(6) The permittee shall obtain and maintain fuel receipts from the fuel 
supplier which certify that the fuel oil meets the definition of distillate 
oil as defined in s. NR 440.205(2)(h). Wis. Adm. Code( if the permittee 
co.mbust very low sulfur fuel oil as defined under s. NR 440.205(2)(zj), 
WIS, Adm. Code. A copy ofthe requiremef1ts attached with the permit 
[5, NR 440.205(3)0)2:. Wis. Adm. Code, s. 285.65(7), Wis, Stats.l 

(7) The pemllttee shaUsubmit quarterly reports to the Department 
certifying that only very low sulfur fuel oil meeting the definition was 
combusted In, the affected facility during the preceding quarter. [5. 
285.65(7), WIS. Stats., s. NR 440.205(10)(r), Wis. Adm. Code.] 
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a. Limitations; (1) The emissions may not exceed 0,036 pound per million Btu when firing natura! g9S based on a 30-day rolling average. 
(BACT); (2) The emissions may not exceed 0.09 pound per million Stu when firing fuel oil having a maximum sulfur content of 0,003% by 
weight oil baseQ on a 30-day rolling average. (BACT); (3) The use of good combustion practices. (BACT); (4) The total heat input may not 
exceed 498,000 mmBtuin any 12 cons~cutive months, of which n9 morethan 122,500 mmBtu may be from the combustion of fuel oil in any 
12 consecutive:monttJs.[s, NR 405,OB(2), Wis. Adm, Code, s, NR 428.04(2)(a)2. and 3" s. NR 428.04(2){a)2, and 3" s. 285.65(3}. Wis. 
Stats., s. 285,{)5(7). Wis, Stats.] See Note 1 

b. Compliance Demonstration: 

(1) The permitteeshall.det~rmine the hourlyernissions using fuel 
consumption re¢ord and vend()rsor AP-42 emission factors, [so 
285.65(;3), Wis,.:Stats.] 

(2) The perrnitt~e shall fire natural gas andlor fuel oil having a 
maximum sulfur-content of 0.003%) by weight This condition is 
established to meet BACT emisSion limit.· r s, NR 405.08(2), Wis, 
Adm. Code] 

(3) The permitt~e shall provide the following information to the 
Department,at least four months prior to the expiration of the 
construction permit to demcmstrate compHancewith good 
combustion practices: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be fonowed to 
maintain the boiler; and (b) A list of items that will be checked and 
maintained and;their frequency, to ensure that boiler is operating 
properly, This information wi!! be used,by the Department to 
establish appropriate permitcondlHonsin the operation permit' [5. 
285,65(3). Wis.Stats., s, 285,65( 1 0), Wis. Stats,] 

I 
(4) The permittee shall keep daily records of the type and amount 
of fuel fired in the boiler and shall.calculateheat input to the unit on 
a daily basis; The heat input used records shall be complied on an 
annual basis to show compliance with I.B.4.a.(4). [so 285.65(3), 
Wis. Stats.] 

(5) The permittee shaH determine compliance with the emission 
limits in 1.8.4.a.(2) by conducting performance test as requited 
unders. NR 440,08, Wis. Adm. Code lIsing one the continuous 
systems for momitoring nitrogen oxides under s. NR 440.205(9){g), 
Wis, Adm. Code as follows: 

(a) Comply with~the provisions of s. NR 440.205(9)(b), (c), (d), (e) 
2., (e) 3., and (f), or 

{b} Monitor stea.m generating unit operating conditions and predict 
nitrogen oxides emiSSion rates as specified in a plan submitted 
pursuant to s. NR 440.205(10)(c}. Wis. Adm. Code. 

(c) Submit a plan as required under S. NR 440,205(10)(c) to the 
Department for approval within 360 days of the initial startup of the 
facility. [so 285:65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Moniloring: 

(1) Reference Test Method for Nitrogen Oxide Emissions: Whenever 
compliance emission testing is required; test procedures in 40 CFR 
60, US EPA Method 7 or an alternate method approved in writing by 
the Department shail be used to demonstrate compliance. 
[5. NR 439,06(6), Wis. Adm. Code] . 

(2) The per.mlt~ee shall keep records on the twat input used as 
required in condition LBAb.(4). [5. 285,65(10). Wis. Stats"s. 
285,65(3); Wis. Stats,] 

(3) The permittee shall keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities, [s, NR 
439.04(1 )(d), Wis. Adm. Code] 

(4) The permittee shall record information on the maintenance 
required in condition LBAb.(3), [s, NR 439.04(1 )(a)6, Wis. Adm. 
Code] 

(5) The permittee shall maintain records of the rnfc;mnatiori required 
under s. NR 440.205(1 )(g), Wis, Adm. Gode. A copy of the 
requirements attached with this permit [5. 285.65(3); Wis, .Stah~.] 

(6) The permittee shall SUbfilit quarterly reports containing the 
information recorded in (5) above to the Department for every 
calendar quarter. All quarterly reports shail be postmarked by the 30th 

day following the end of each calendar quarter. [s. 285.65(3), Wis. 
Stats., s. NR 440.205(10)(1), Wis. Adm. Code] 

Note 1: The boiler will have high heat release rate and therefore subject to New Source Performance Standards 
(NSPS) emission limit 'of 0.20 pound per million Btu on a 30 day rolling average per s, NR 440205(5)(a)1.b;, Wis. 
Adm. Code for NOx. The proposed BACT emission limit for NOx is more restrictive then the NSPS limit for NOx. 

Note 2; The boiler is subject to s, NR 428.04(2)(a)2. and 3., Wis, Adm, Code and is 0.05 pounds per million Btu of 
heat input when firing natural gas and 0.09 pounds per million Btu of heat input when firing fuel oil for NOx. The 
BACT, limit for NOx is more restrictive or equal to the NOx limit established under s. NR 428,04, Wis. Adm. Code, 
thus t~e boiler is expected to meet the limits for NOx emission limits under s; NR 428.04, Wis. Adm. Code. 
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b; Compliance Demonstration: c. Test Methods, Recordkeeping, and Monitoring: 

(8) The permittee shall comply with the general and specific 
monitoring requirements under s. NR 428.04(3)(0) and (b), Wis. Adm. 
Code. A copy of these requirements attached with the permit [so NR 
428.04(3). Wis. Adm. Code, s. 285.65(3). Wis. Stata.] 

(9) The permittee shalf comply with all the recordkeepingand reporting 
requirements under s. NR 428.04(4), Wis. Adm, Code, A copybf 
these requirements attached with the permit. [so NR 428.04(4)~ Wis. 
Adm. Code, s. 285.65(3), Wis. Stats.l 

(10)The permit shall comply withal! the requirements for monitoring, 
installation, certification, data accounting, compliance dates and 
reporting data prior to initial certification as required under s. NR 
428.07(1)(b), Wis. Adm. Code, s. NR 428.07(2Xb)2, Wis. Adm. Code, 
s, NR 428.07(3), Wis. Adm; Code. [so 285.65(3), Wis. Stats,] 

(11) The permittee shall monitor NOx and heat input per s. NR 
428.08(1 )(c), Wis. Adm. Code. A copy ofthese requitementsattach~d 
with the permit [so NR428.08, Wis. Adm. Code, s. 285.65(3};WIs. 
Stats.] 

(12) The permittee shall submit quarterly reports per s.NR428,O~(1); 
(3) and (4), Wis. Adm.Codi3. A copy of these requirerrents attaqryeq 
with the permit. [so NR 428.04(9), Wis. Adm, Code, s. 285.65(3),'Wls, 
Slats.] 
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a. Limitations: (1) The emissions may not exceed 0,075 pound per million Btu when firing natural gas b,ased on.a 3G-day rollingaverage~ 
(BACT); (2}Theemissions may not exceed 0.075 pound per million Btu when firing fuel oil having a maximum sulfur content of 0.003% by 
weight based on a 30~day rolling average. (BACT); (3) The use of good combustion practices. (BACT); (4) The totat heat input may not 
exceed498.000 mmBtu in any 12 consecutive months, of which no more than 122,500 mmBtu may be from the combustion of fuel oil in any 
12 consecutlvemonths. Is. NR 405.08(2). Wis. Adm. Code, s. 285.65(3), Wis, Stats., s, 285~65(7), Wis. Stats.] 

b. Compllanc~Demonstration: 

(1) The permittee shall determine the hourly emissions using fuel 
consumption re~ordsan9APw42factor or vendor provided 
emissions factor [so 285,65(3), Wis; Stats.) 

(2) The permitt~e sllali fire natural gas and lor fuel oil having a 
maximum sulfur contentof 0.003% by weight. This condttion is 
established to meet BACT emission limit [ s. NR 405.08(2), Wis. 
Adm. Code] 

(3) The permittee shall provide the following information to the 
Department at least four months" prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustion practices: (a)A copy of the original equipment' 
manufacturer (OEM) procedures that should beJoliowed to 
maintain the boiler; and (b) A list of items that will. be checked and 
maintj3ined and their frequency, to ensure that boiler is operating 
properly. This information will be used by the Department to 
establish appropriate permit conditions ill the operation permit. (5. 
285,65(3), Wis. Stats., s. 285,65(10), Wis. Slats.] 

(4) The permiUcle shall keep daily records of the type arid amount 
of fuel fired in tt)e boiler and shaH calculate heat input to the unit on 
a daily basis. The heat input used records shall be compiled on an 
annual basis to show wrnpUance with LBSa. (4). [so 285.65(3), 
Wis. Stats.] . 

c. Test Methods, Recordkeeping, and Monitoring: 

(1 ) Reference Test Method for Carbon Monoxide Ernissions; 
Whenever compliance emission testing is required, test procedures in 
40 CFR Part 60, US EPA Method 10. or an alternate method 
approved in writing by the Department shall be used to demonstrate 
compliance. [So NR 439.06(4), Wis. Adm, Code} 

(2) The permittee shall keep records on the heat input .used as 
required in condition LB.5.b;(4). [5.285.65(10), Wis. Stats.,s. 
285.65(3), Wis. Stats.] . 

(3) The permittee shall keep retain on sile! plans and specifications 
that indicate the process's fuel design capabilities, [so NR 
439.04(1}(d). Wis. Adm. Code] 

(4) The permittee shall record information on the maintenance 
required in condition I.Il5.b.(3). [so NR 439.04(1 )(a)6, Wis. Adm; 
C~~ . 
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a. Limitations: (1) The emissions may not exceed 0.0060 pound per million Btu when firing natural gas based on a 30~dayro!ling average. 
(LAER); (2)The emissions may not exceed 0.0050 pound per million Btu when firing fuel oil having a maximum sulfur content of 0.003% 
byweight based on a 30-day rolling average, (LAER); (3}The use of good cOmbustion practices. (LAER); (4) The total heat input may 
not exceed 498,000 mmBtu in any 12 consecutive months, of which no more than 122,500 mmBtu may be from the combustion of fuel 
ojl in any 12 consecutive months. [so NR 408.04, Wis. Adm. Code, $. 285.65(3). Wis. Stat5., $, 285.65(7), Wis. Stats.] 

b. Compliance Demonstration: 

(1}Ihe permittee shall determine the hourly emissions using fuel 
cOnsumption records and AP-42 emissions factor Or vendor 
Pf9vided·emission factors. [5. 285.65(3), Wis. Stats.] 

(2) The permittee shall fire natural gas and or fuel oil having a 
maximum sulfur content of 0.003% by weight This condition is 
established to meet LAER emission limit. [ s. NR 405.08(2), Wis. 
Adm. Code] 

(~)The permittee shall provide the following information to the 
Dfjpartnientatleastfour mont~s prior to the expiration of the 
construction permit to demonstra~e cOmpliance 'Aith good 
combustion practices: (a) A copy of the original equipment 
m~nufi3.cturer (OEM) procedures that should be foHowed to 
ma.intainthe boiler; and (b) A list of ltems that w.iII be checked and 
maintained and their frequency, to ensure that boiler is operating 
properly .. This information will be used by the Department to 
establish appropriate perrnit conditions in the operation permit. [s. 
285.65(3). Wis. Stats., s. 285.65('10), Wis. Stats.] 

(4) The permittee shall keep daily records of the type and amount 
offuel fired in the boiler and shall calculate heat input to the unit on 
a daily basis. The heat input lIsed records shall be compiled on an 
annual basis to showcompHance with 1.8.6.a. (4). [5. 285.65(3), 
WIS. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for voe Emissions: Whenever compliance 
emission testing is required, test procedures in 40 CFR Part 60, US 
EPA Method 25 or 18, or an alternate method approved in writing by 
the Department shall be used. to demonstrate compliance. [so NR 
439.06(3), Wis. Adm. Code] 

(2) The permittee shall keep records on the healinput used as 
required in condition LB.6.b.(4). [so 285.65(,10), Wis. Stats.,s. 
285.65(3). Wis. Stats.] 

(3) The permittee shall keep retain on site; plans and specifications 
that indicate the process's fuel design capabilities. [so NR 
439.04(1)(d), Wis. Adm. Code] 

(4) The permittee shall record information on the maintenance 
required in condition LB.6.b.(3). [so NR 439.04(1.)(a)6, Wis. Adm. 
Code] 
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a. limitations:! (1}Theerl1,issions may not exceed 0~000000024 pound per mi!Hon Btu VIlhan firing natural gas. (BACT); (2) The emissions 
may not exc~ed O.OOOOO?P?undpermillion Btuwhen firing fuel oi/having a maximum sulfur content otO.003% by weight. (BACT); (3) The 
use of goodcombustio~practfce~; (BACT); (4) The totaL heat inputmay not exceed 498,000 mmBtu in any 12 consecutive months, of which 
no more than,122.500mmBtu may be from the combustion oftuel 011 in any 12 consecutive months. [so NR 405.08(2), Wis. Adm. Code, S, 

285.65(3), Wis. Stats., s. 285.65(7}, Wis. Stats.] 

I 

b. Compliance! Demonstration: 

(1) The p~rmitte:(3,$h~I!',?~termiheJhehour!y em!ssions,usingfLiel 
consumptionrecordsandAP~42'emjssionsfactor. . [so 285.65(3), . 
Wis. Stats.] 

(2) The perrnitt~e s hal Hire natural gas and/or fuel oil having a 
maximum sulfur: cont€!otofO:Oq3%by weight .. This condition is 
established to meet BAGTemission limit [s. NR405.08(2). Wis; 
Adm. Code] 

(3) The permittee shall.providetryeJollowing information to the 
Department at'leastfol.lf monthspriorto the expiration of the 
construction permit to demonstrate compliance with good 
combustion practices ; (a) A copy of the original equipment 
manufacturer (QEM) procedures· that should be followed. to 
maintain .the boiler and (b)AHst of items that wi II be checked and 
maintained and their frequency, to ensure that the boiler is 
operating properly. This information will be used by the 
Department to e'stabllsh appropriate permit conditions in the 
operation permit [5.285.65(3), Wis. Slats" s. 2~5.65{10}, Wis. 
Stals.] , 

j 

(4) The permitte~ shall keep daily records of the type and amount 
of fuel fired in· the boiler and shall calculate heat input to the unit on 
a daily basis. The heat input used records shall be compiled on an 
annual basis tO$how compliance wlth I.B.7.a. (4). [so 285.65(3), 
Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Lead Emissions: Whenever 
compliance emlssion testing is required, US EPA Method 12 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department. shall be used. [so NR 439.06(1). Wis. 
Adm. Code] 

(2) The permittee shall keep records on the heat input used as 
required in condition LB-7,b.(4). [so 285.65(10). Wis. Stats~. s. 
285.65(3), Wis. Slats.] 

(3) The permittee shall keep (stain (msite. plans and specifications 
that indicate the process's fuel design capabilities;. [so NR 
439.04(1 )(d), Wis. Adm. Code] 

(4) The permittee shall record information on the maintenance 
required rn conditlOnLB.7,b.(3), [s.NR 439.04(1)(a)6, Wis. Adm. 
Code] 
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a.Liinltations: (1) The emissions may not exceed 0.00000026 pound per mlliion Btu when firing natural gas. (BACT); (2)The emissions 
may notexreed 0.000003 pound per mlliion Btu when firing fuel oil having a maximum sulfur content of 0.003% by weight. (BACT); (3) The 
use'Ofgoodcombustion practices. (BACT); (4) The total heat input may not exceed 498,000 mmBtuin any 12 consecutive months, of which 
'no more than 122,500 mmBtu may be from the combustion of fuel oil in any 12 consecutive months. [so NR 405.08(2), Wis, Adm. Code. s. 
285.65(3), Wis. Stats., s. 285.65(7). Wis. Stats.] . 

b. Compliance Demonstration: 

(1) The permittee shall determine the hourly emisstons using fuel 
consumption ,records and AP-42 emissions factor. [5. 285.65(3), 
Wis; Stats.] 

(2) The permittee shall fire natural gas and/or fuei oil having a 
maximum sulfur content of 0.003% by weight. This condiHon is 
established to meet BACT emission limit [ s. NR 405.08(2). Wis. 
Adm. Code] 

(3) The permittee shall provide the following information to the 
Departrl1entatlea~t four months prior to the expiration of the 
constructiol1 permit to demonstrate compliance with good 
combustion practices: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
. maintaintheboilerand(b) A !islof items that will be checked and 
maintained and their frequency. to ensure that the boiler is 
operating properly. This information will be used by the 
Department to establish appropriate permit conditions in the 
operation permit. [so 285.65(3), Wis. Stats., s. 285.65(10), Wis. 
Stats.) 

(4) The permittee shall keep daily records of the type and amount 
of fuel fired in the boiler and shall ca!culate heat input to the unit on 
a daiiy basis. The heat input used records shall be compiled on an 
annual basis to show compliance with I,B.8.a. (4). [5. 285.65(3), 
Wis. Stats.] 

c. Test Methods, Recordkeeping; and Monitoring: 

(1) Reference Test Method for Mercury Emissions: Whenever 
compliance emission testing is required, US EPA Method 29 or an 
alternative method approved in writing by the department shaH be 
used to demonstrate compliance. [so NR 439.06(8), Wis. Adm. Code1 

(2) TIle permittee shall keep records on the heat input used as 
required in condition LB.8.b.( 4). [5. 285.65(10). Wis. Stats., s. 
285.65(3). Wis. Stats.] 

(3) The permittee shall keep retain 01) site, plans and specifications 
that indicate the process's fuel design capabilities; [so NR 
439.04(1)(d), Wis. Adm. Code] 

(4) The permittee shall record information on the maintenance 
required fn condition I.B.8.b.(3). [so NR439.04(1)(a)6, Wis. Adm. 
Code] 
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a. Umitations; (J) The emissions 111ay not exceed 0;027 pouncj per million Btu when firing, natural gas and/or fuel oil having 8maxlmum 
sulfur content of 0; 00:;%. by weight. (BACT);, (2) Thy use ofgood combustion practices, (BACT); (3) The tot a! heat input may not exceed 
498,000 nlrT)Btu pn a 12;(11onth rolling.average, of which no morethan 122,500 mmBtu may befrom the combustion of fuel oil on a 12,. 
month ro!Hngaverage, [s,NR 405,08(2), Wig,Adm, Code, s. 285.65(3). Wis. Stats,. s, 285,65(7), Wis. Stats.] 

b. Complianc~ Demopstration: 

(1) The permitttf?sha.H q~tyrmill~Jre~(lurly emissions usingfllel 
consumption re~ordsand AP .. 42emrssions fador. [5, 285.65(3), 
Wis. Stats,] 

(2) The p~rmittee shall~~e natu~al. gas and/or fuel oil having a 
maximllrn sulfu( cOl"lt~ntot.o:Q93~~ by weight. This condition is 
established to meet BACT emission limit [s, NR 405.08(2), Wis. 
Adm. Code) 

(3) The permitt~e shaUprovicfet~efollow.tng inform~tion tathe 
Department at !eastfour months prior to the expiration of the 
construction permit to demons.trate compHanceWithgood 
combustion practlces:(a),l.\ CPPY 9f the original equipment 
manufacturer (OEM) procedures ttiatshouJd' be foHowed to 
maintain the boiler and (b) A lislof items. thatVJill be cheeked and 
rnaintained and ;their frequency, to ensure that the boiler is 
operating prope'rly, This informationwiH be used by the 
Department to.estabHsh appropriate perrnit conditions in the 
operation permit. [so 285.65(3), Wls,Stats" 5.285.65(10). Wis. 
Stat8.] , 

(4) The perinitt~e shall keep daily records of the type and amount 
of fuel fired in the boiler and shall calculate heat input to the unit on 
a daily basis. The heat input used records shall be compiled on an 
annual basis to show compliance with 1.8,9,a, (3), [s, 285,65(3), 
Wis. $tats,] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1)Reference Test Method for Emrsstons of Fluorides.,;. Whenever 
compliance emiSSion testing is required. US EPA Method 138 shall be 
used. to demonsfrate compliance or an alternate method approved in 
writing by the Department, shall be used, [So NR 439,06(8). Wis, Adm, 
Code] 

(2) The permittee sh(311 keep records on tile heat input used as 
requiredincopditionJB.9.b.(4). [so 285.65{1 0), Wis. Stats.; s. 
285.65(3), Wis. Stats.) 

(3) The permittee shall keep retain on site; plans and specifications 
that indicate the process's fuel deSign capabilities; [s, NR 
439.04(1)(d),Wis, Adm, Code] 

(4) The permittee shall record informatlon on the maintenance 
required iOcopdition LB.9.b,(3), [5, NR 439.04(1}(a)6, Wis; Adm. 
Code) 

a. Limitations:: 20'Yo opacity or number 10n the. Ringlemann chart Is. NR 431.05, Wis,. Adm. Code, s. NR 440,205(4Xf), Wis. Adm. Code] 
See Note 1 

b. Compliance Demonstration: 

(1) The permittee shaH fire natural gas and/or fuel oil havjng a 
maximum sulfur: content of 0.003% by weight. This condition is 
established to meet BACT emission limit [ s. NR 405.08(2), Wis, 
Adm. Code] 

(2) The permittee shaH conduct an initial test as required under s. 
NR 440.08. Wis; Adm; Code using the procedures and reference 
method in 40 CFR part 60, Appendix A, which is incorporated by 
reference in s, NR 440.17, Wis. Adm. Code, [so NR 440.205(7)(d). 
Wis. Adm. Code] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1 ) Reference Test Method for' Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used. [so NR 439,06(9)(a)1 .• Wis. 
Mm.~~ . 

(2) The permittee shall keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities, [s. NR 
439.04(1 )(d), Wis. Adm. Code] 

Note 1: Any gases emitted from the stack when the unit is fired with fuel oil shall not have an opacity greater than 
20% (6 minutes average). Tile exception is one 6-minute period per hour when the opacity not exceeding 27%. The 
opacity standard .does not apply during periods of start up and shut down or malfunction per s. NR 440,Q25(4)(f), Wis. 
Adm. Code. 
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3., Lhl1itations: (1) The permi.Uee shall lise natural gas and/or fuel oil having a maximum 5ulfurcontent of 0.003% by weight and comply 
witb. the PMfPM1 0 limits to meet case by case MACT for inorganic solid HAPs; (2) The perrnittee shall us natural gas and/or fuel oil having 
amaxirnum sulfur content 0(0.003% by welghtto comply with the case by case MACT limits f9rinorganic acid HAPs; (3) The permittee 
shall comply with and meet the voe LAER emission limits to comply with case by case MACT for organic HAPs and (4) The total heat input 
may not exceed 498,OOOmmBtu ona 12-month rolling average. of which no more than 122,500 mmBtu may qefrom thecombllstion of 
fuelbil ona 12.~month roUing average. [5. 285.65(13), Wis. Slats.] 

b.C~mp.liance Demonstration: 

q>The permittee shaH determine the hourly emissions using fuel 
consumption records and EPR! provided or AP-42 emission 
factors. [so 285.65(3), Wis. Stats.] 

(2) The perl'l'1itt~i3 shall fire natura! gas and/or 0.003% by weight 
low suifurfuel oiL This condition is established to meet MACT 
emission limit [s. NR 405.08(2). Wis, Adm. Code] 

(3)The permittee shaH provide the following information to the 
Departme-nt at least four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
cdmbusti9~practices : (a}A copy of the original equipment 
m~r~fa(;~lJrer (qEtI,It)procedures that should be followed to 
m?intainthe boiler; and (b) A list of items that wi!! be checked and 
maintained and their frequency, to ensure that boiler is operating 
properly. This inforrnation will be used by the Department to 
estabHsh appropriate permit conditions in the operation permit. [so 
285.65(3), Wis. Stats., 5.285.65(10). Wis. Stats.) 

(4) The permittee shail keep daily records of the type and amount 
of fuel fired in the boiler and shall calculate heat input to the unit on 
a daily basis. The heat input used records shall be compiled on an 
annual basis to show compliance with I.B,11.a. (4). [so 285.65(3), 
Wis. Slats.] 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference Test Method for organiC HAPs Emissions; inorganic 
solid HAPs, and inorganic acid HAPs: Whenever compllance 
emission testing is required a method approved in writing by the 
Department shall be used to demonstrate compliance, 
[so NR 439.06(1), Wis. Adm. Code] 

(2) The permittee shall keep records on the heat input used as 
required in condition LB.11.b.(4). [so 285.65(10), Wis, Stats., s, 
285.65(3), Wis. Stats,] 

(3) The permittee shall keep retain onsi.te. pians·and specifications 
that indicatethe process's fuel peslgn capabilities~ (5. NR 
439.04(1)(d), Wis, Adm. Codel 

(4) The permittee shall record information on the maintenance 
required in condition LB, 11 .b.{3}. (s, NR439.04(1)(a)6, Wis. Adm. 
Code] 

Page 32 



a. Limitations:, (1 )The emissjo~smay not exceed 0.00024 pound per million Btu when firing natural'gas .. (BACT); (2) The emissions may 
not exce~d 0~000t34 pound per mimon Btu when firing fuel aU having a maximum sulfur content of 0.003% by weight. (BACT); (3) The 
use of good corpbu~tic>npractices. (BACT); (4) The total h.eat input may not exceed 498, 000 mmBtu on a 12-month rolling average. of 
\vhich nd more than 122;500 mmBtu may be from the combustion of fuel oil on a 12~month rolling average. [so NR 405.08(2). Wis. 
Adrrl. C~~je,s, 285~65(3}. Wis. Stats., s. 285.65(7), Wis. Stats.] 

b. Compliance Demonstriition: 

(1) The permittee shaW fire natura! gas and/or fuel oil having a 
maximum sulfur content.ofO.003% by weight. This condition is 
established to meat BACT emission limit [s. NR 405.08(2). Wis. 
Adm. Code] 

(2) The. permittee shall determine the hourly emissions using fuel 
consumption records, and vendor provided or Ap·42 emission 
factors. [5, 285~65(3kWis.Stats.) 

(3) The permittee shaH keep daily records of the. type and amount 
of fuel fired in the !:>oiler and shall calculate heat input to the unit on 
a daily basls~The ~?at lnputu~ed recQrds shall be complied on an 
annual basiS to show compliance with I.B.12.a. (4). [5. 285.65(3), 
Wis. Stats.J 

c. Test Methods, Recordkeepingi and Monitoring: 

(1) Reference Test Method for Sulfur Acid Mist Emissions: Whenever 
compliance ernission testing is required. US EPA Method 8 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department. shall be used. fs.NR 439.06(8). Wis. Adm. 
Code] 

2) The permittee shall keep records on the. heat input used as required 
in condition I.B .. 12,b.(3). [so 285.65(10). Wis .. Stats .. , s, 285.65(3), Wis. 
Stats.] 

(3) The permittee shaH keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities. [so NR 
439,04(1 )(d), Wis. Adm. Code1 

(4) The permittee shall. keep records required under condition 
1.B.3.b.(4) - (7) to demonstrate compliancewHh the sulfur content in 
the fuel. [so NR 439.04(1 )(d). Wis. Adm, Code, s, 285.65(3), Wis. 
Stats.] . 
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a. Limitations: (1) The emissions may not exceed 1.94 pounds per hour. (BACT); (2) The hours of operation may not exceed 500 hours in 
. any 12 consecu.tive month period.; (3) The use of fuel oil having a maximum sulfur content of 0.003% by weight. (BACT); (4) The use of 
good combustion practices (BACT).; (5) The emissions unit may be operated only during the hours from 9:00 am to 1 :00 PM. This condition 
is established to protect the ambient air quality standards. [5. NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats., s. 285.65(7), Wis. 
Stats,] 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shaH be conducted within 180 
days after lhestart of operation of the process to show compliance 
with the emission limitation when firing natura! gas and fuel oil.14 
[5. NR 439.07, Wis, Adm. Code] 

(2) The permittee shaH determine the hourly emissions using 
operaHng parameters and certified test data as required by 40 CFR 
Part 60.· [s.285~65(3), Wis. Stats.} 

(3) Stack Parameters These requirements are included because 
the~()lJrce was reviewed with these stack parameters and it was 
determin9{jthatno increments or ambient air quality standards wil! 
be violated when constructed as proposed. 

(a) Thestackheight shall be at least 18 feet above ground 
!eveL [8. 285.65(3), Wis~ Stats., s, NR 406.10, Wis. Adm. Code1 

(b) The. stack inside diameter at the outlet may not exceed 
2.12 feet. [so 285.65(3), Wis. Stats" s. NR 406,10; Wis. Adm. 
ode1 

(4) The permittee shall fire fuel oil having a maximum sUlfur 
content of 0;003% by weight. This condition IS established to 
meet BACT emission limit. [s. NR 405.08(2), Wis, Adm. Code] 

(5) The permittee ShaH proVide the following information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
oombustion practices; (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the engine generator; and (b) A list of items that will be 
checked and maintained and their frequency, to ensure that engine 
generator is operating properly. This information will be used by 
the Department to establish appropriate permit conditions in the 
operation permit. (5.285.65(3), Wis. Stats., s. 285.65(10), Wis. 
Stats.] 

-----... ,._._ ....... _ .... __ .. _-----

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method.for Particulate Matter Emissions: 
Whenever complianceeJ'Tlission lesting.is required, test procedures in 
40 CFR 60, Appendix A and US EPA Method 5, including backhalf 
(Method 202) shall be used to demonstrate compliance or an alternate 
method approved in writing by the Department, shall be used. [so NR 
439.06(1). Wis. Adm Code] 

(2) The permittee shall keep and maintain on site technicaldra'Nings. 
b!ueprints or equivalent records of the physical stack parameters. [so 
NR 439.04(1)(d), Wis. Adm. Code)] 

(3) The permittee shall record the monthly hours of operation, to 
demonstrate compliance with condition I.C.,.a.(2). [5. 285.65(10), Wis. 
Stats .. 285,65(3), Wis. Stats,] 

(4) The permittee shall keep retain on site, plans and specifJcations 
that indicate the process's fue! design capabilities.[s. NR 
439.04(1 )(d), Wis. Adm. Code) 

(5) The permittee shall record informatioflon the maintenance 
required in condition LC.1.b.(5). [so NR 439.04(1 )(a)6, Wis. Adm. 
Codel . 

(6) The permittee shall record the start and end times of the diesel 
generator operation to demonstrate compliance with condition 
LC.1.a.(5). [s, 285.65(3). Wis. Stats.] 

J 4 If the compliance emission tests cannol be conducted within 180 days after the start of initial operation, me permit holder may 
request and the Department may approve, in writing, an extension of time to conduclthe test(s). 
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a. Limitations:J1).The emissions may not exceed 1.94 pounds per hour; (BACT); (2) The hours·of operation may not exceed 500 hours in 
any 12 consecutive months,; (3) The useof fuel oil having a maximum sulfur content of 0;003% by weight. (BACT); (4) The use of good 
combustion practices. (BACT) (5) The emissions unit may be operated only during the hours from 9:00 am to 1 ;00 PM. This condition is 
established tOPfotecLtt1e ambient air quality standards. [s, NR 405;08(2). Wis. Adm. Code, 5.285,65(3), Wis. Stats,. s. 285.65(7). Wis. 
Stats.] 

b. Complianco, Demonstration: 

(1) Initial c.()mplianceernissiontests shall be conducted within 180 
days after the start of operationoftbe. process to show compliance 
with the emission limitation. 15 [5. NR 439.07. Wis. Adm. Code1 

(2) The permitte'~ shaJldeterminetbe.hourly E;missions using 
operating parameters Clnd certified. test data as required by 40CFR 
Part 60. [s .. 285~65{3), Wis. Stats.] 

(3) Stack Parameters ThEt~e requiremeotsare included because 
thesou«.':e was revi~wed ~ith t~esE3 $t;ack parameters .and it was 
determined that no increments or aOlbient air quality standards will 
be vio!ated when constructed as proposed, 

(a) The stack heightshall beat least 18 feel above ground 
eveL [so 285.65(3), Wis. Stats" s. NR 406.10, Wis. Adm. Code] 

(b) The stac'k insidE3• diameter at the outlet may not exceed 
.12. feet. [s, 285,65(3), Wis. Stats" s. NR406.10, Wis. Adrn. Code] 

(4) The permittee shall fire fuel oi! having a maxirnum sulfur 
content of 0.003% by weight. This condition is established to meet 
BACT emission limit. [so NR 405.08(2), Wis. Adm. Code] 

(5) The permittee shall provide the following information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustion practices: (a) A copy ofthe original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the engine generator; and (b}A list of items that wi!! be 
checked and maintained and their frequency, to ensure that engine 
generator isoparating properly: This information will be lIsed by 
the Department to establish appropriate permit conditions in the 
operation penniE [so 285.65{3), Wis. Stats., s. 285.65(10}, Wis. 
Stats.} 

__ c. __ ._ .... _ .•• _ •. _____ _ 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compUs'nce emission testing is required. US EPA Method 
5, includingbackhalf (Method 202) shall be. used to .dernbnstrate 
compliance or analternate method approved in writing by the 
Department, shall be used. [5. NR 439.06( 1), Wis. Adm. Code] 

(2) The permitfee shall keep and maintain on site technical drawings, 
blueprints or equ,valent records of thephysipal stack parameters. [so 
NR 439,04(1}(d). Wis. Adm. Code] 

(3) The permitteeshal! record the monthly hours Of operation, to 
demonstrate compliance with condition lC.1.a.(2). [so 285.65(10), Wis. 
Stats., s .. 285.65(3), Wis. Stats.) . 

(4) The permittee shaH keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities. (s. NR 
439.04(1 }(d), Wis. Adm. Code] 

(5) The permittee shall record information on .the maintenance 
required in cOndition I.C.1.b.(5). [s, NR 439.04(1)(a)6, Wis. AdITI. 
Code] 

(6) The permittee shall record tile start and end times of the diesel 
generator operation to demonstrate compliance with condition 
LC.2.a.(5), [s. 285:65(3), Wis. Stats.] 

15 If the compliance emission tests cannot be conducted within 180 days after th.e start of initial operation. the permit holder may 
request1and the Department may approve, in writing, an extension of time to conduct the test(s}. 
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a.timitati()n~:J1) The emissions may not exceed 0.05 pound per hour. (BACT): (2) The hours of operation may not exceed 500 hours in 
a~y1~r?,nsecutiyemonths.; (3)Th? Lise of fuel oil having a maximum sulfur content of 0,003% by weight. (BACT); (4) The use of good 
combustlqn practices. (BACT) [so NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats .. s. 285,65(7), Wis. Stats.] 

.b~ (:e>.,..pliance Demonstration: 

(1) Th~rpermittoeshall determine the hourly emissions using fuel 
consumptionrecords. fuel sulfur content and vendor provided or 
AP-42 emi~sion factors. [5. 285.65(3), Wis. Stats.] 

(2)The permittee shall flrefuel oil having a sulfur content of 
0.003% by \Neight. This condition is established to meet BACT 
emission limit. [s: NR 405.08(2), Wis. Adm.Code1 

(3)T~e permittee shall provide the following information to the 
Depflr'tm~nt,~tleast four months prior to the expiration of the 
construction·permit to demonstrate compliance with good 
combustion practices: (a) A copy of the original equipment 
m~mufa<::tur~r( OEM) procedures that should be followed to 

,maintain tile engine generator; and (b) A list of items that will be 
checked and maintained and their frequency, to ensure that engine 
glilnerator is operating properly. This information will be used by 
!htl[)t?p<:irtrnent>toestabHSh appropriate permit conditions in the 
operatlonperrnit [so 285.65(3), Wis. Stats., s. 285.65(10). Wis. 
Stats.] 

c. Test Methods, Recordkeeping; and Monitoring: 

(1 ) Reference T es t Method for S li !fur Dioxide Emissions: Whenever 
compliance emission testing is required, US EPA Method 6. SA or 6C 
shall be used to demonstrate compliance or an alternate method 
approved in writing by the Department, shall be used. [so NR 
439.06(2), Wis. Adm. Code1 

(2) The permittee shall record the monthly hours of operation, to 
demonstrate compliance with condition I.C.3.a.(2). [so 285.65(10), Wis. 
Stats., s. 285.65(3), Wis. Stats.] . 

(3) The permittee shall keep retain on site; plans and specifications 
that indicate the process's fuel design capabilities: [so NR 
439,04(1)(d), Wis. Adm. Code] 

(4) The permittee shall record informaUon on the maintenance 
required in condition I.C.3.b.(3). [5. NR 439.04(1 )(a}6, Wis. Adm. 
Code1 
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b. Complianc~ Demonstration: 

(4) A representative sample shall be taken from each fuel lot. of 
fuel oil received. Thes911lple s~allb~analyzed by the permittee 
for the sulfur content by 'weig ht using proceduresoutlil1e ins. NR . 
439.08(2). Wis'i Adm. Code and the analysis shall be retained by 
the permittee for a period of at !east fivt? years. [so 285;65(3), Wis. 
Stats.] , 

(5) The Departmentw!!I accept, in!ieuof an analysison each fuel 
lot under (4) above, an analysis of a representative sample of the 
fuel lotofdistillate fueloiUromwhich the fuel !pi was taken. [so 
285.65(3); Wis, Stats.] 

(6) The permittee shall ret~incopiesof its distl!late fuel oil 
supplier's fuel sulfur (;ind heat content ana!yses~tthe facility for 
each fuel rot of distillate fuel oU received pursuant to 40 CFR 
60.334 for a period of five years. [so NR439.04(2). Wis. Adm. 
Code, s. 285.65(3).Wis.Stats.] . 

(7) The permittee shall further obtain certificationfrornthe fuel 
supplier that the, applicable methods in s. NR 439.08(2), Wis. Adm. 
Coqe. were f6!1owed, if applicable, by the sljpplier in. the 
preparation of said.sulfur and heat.contet1tanalyses~ The fuel lot's 
quantity of fuel oil sh;3l1 be included with the copies of these 
analyses. (s. 285.65(3). WIS. Stats.] . 

c. Test Methods, Recordkeeping, and Monitoring: 

(5) The permittee shaH keep records required under condition 
LC.3.b.(4) - (7). [s, NR 439.04(1)(d), Wis. Adm .. Code] 

Page 37 



8. l"irnitations: (1) The emissions may not exceed 6.9 g/bhp-hr and 33.4 pounds per hour. (BACT); (2) The hours of operation may not 
exceed 500 hours in any '12 consecutive months,; (3) The use of fuel oil having a maximum sulfur content of 0.003% by weight (BACT); (4) 
The ljse of good combustion practices, (BACT) [so NR 405.08(2}. Wis. Adm. Code, s. NR 428,04(2)(11). Wis. Adm. Code.s. 285.65(3), Wi~. 
Stats"s. 285.65(7). Wis. StatsJ See Nole 1 

b. Compliance Demonstration: 

(1) rhe permittee shall determine the hourly emissions using 
operating parameters and certified emission test data as required 
by 40 CFR Part 60. [s, 285,65(3), Wis. Stats.J 

(2) The permittee shall fire fuel oil having a maximum sulfur 
content of 0.003% by weight This condition IS established to meet 
BACT emission limit. [so NR 405.08(2). Wis, Adm, Code} 

(3) The permittee shall provide the following information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustion practices: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the engine generator; and (b) A list of items that wiH be 
checked and maintained and their frequency, to ensure that engine 
generato[js operating properly, This information will be used by 
the Department to.estabHsh appropriate permit conditions in the 
operation permit. [so 285.65(3). Wis, Stats., s. 285.65(10), Wis. 
Stats.] 

c. Test Methods, Recordkeeping, and Monitoring:. 

(1) Reference Test Method for Nitrogen Oxide Emissions: Whenever 
compliance emission testing is required, testprocedures in 40 CFR 
60, US EPA Method 7 or an alternate method approved in writing by 
the Department shall be used to demonstratecompHance. 
(s. NR 439.06(6), Wig, Adm, Code] 

(2) The permittee shaU record the monthly hours of operation, to 
demonstrate compliance with condition LC.4.a:(2). [so 285.65(10), Wis. 
Stats., s. 285.65(3), Wis. Stats.] 

(3) The permittee shall koep retain on site, plans and specifications 
that indicate the process's fuel design capabilities, [so NR 
439.04(1 )(d), Wis. Adm, Code] 

(4) The permittee shall record information on the maintenance 
required in condition I.C.4.b.(3), [6, NR 439.04(1 )(a)6, Wis. Adm. 
Code] 

(5) The permittee shail comply with the general and specific 
monitoring requirements under s. NR 428.04(3)(a) and (b), Wis;Adm. 
Code. A copy of these requirements attached with the permit. [s', NR 
428.04(3). Wis. Adm. Code, s. 285.65(3). Wis, Slats,] . 

(6) Tile permittee shall comply with all the recordkeeping and reporting 
requirements under s, NR 428,04(4). Wis. Adm. Code. A copy of 
these requirements attached with the permit. [s, NR 428.04(4), Wis. 
Adm. Code, s. 285.65(3), Wis. Stats.} 

(7) The permittee shall comply with all the requirements for monitoring. 
installation, certification, data accounting. compliance dates and 
reporting data prior to initial certification as required under s. NR 
428.07(1 )(b), Wis. Adm, Code. s. NR 428.07(2Xb)2, WIS. Adm. Code, 
S, NR 428.07(3). Wis. Adm. Code; [s, 285.65(3), Wis. Stats.] 

(8) The permittee shall submit quarterly reports per s. NR 428.09(2), 
(3) and (4), Wis. Adm. COde, A copy of these requirements attached 
with the permit. [s. NR 428.04(9), Wis. Adm. Code, s. 285.65(3), Wis, 
Stats.} 

Note 1: The diesel generator is subject to s. NR 428.04(2)(h). Wis, Adm. Code and is 6,9 grams per brake 
horsepower when firing natura! gas and firing fuel oil for NOx. The BACT limit for NOx is more restrictive then the 
NOx limit under s, NR 428,04, Wis. Adm. Code, thus the diesel generator is expected to meet the NOx limits under s. 
NR 428,04; Wis. Adm, Code, 
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a. Limitations: (1) The emissions may not exceed 41.19 pounds per hour. (BACT); (2) The hours of ope ration may not exce.ed 500 hours in 
any 12 consecutive months.; (3) The use of fuel oll having a maximum sulfur content of 0.003% by weight .(BACT); (4) The use of good 
combustion practices. (BACT) [So NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats., s. 285.65(7), Wis. Stats.] 

b. Compliance Demonstration: 

(1 )The permittee shall determine the hourly emissions. using 
operating parameters· and certl~ed emissiol1 test data as required 
by 40 CFR Parf 60. [5. 285.65(3), Wis. Stats.] . 

(2) The permittee shall fire fuel oil having a maximum sulfur 
content of 0.003% by weight This condition is established to meet 
BACT emission. limit. [so NR 405.08(2), Wis, Adm, Code} 

(3) The permittee shall provide the following information to the 
Department at Jeast four monthS prior to the expiration of the 
construction pem-lit to ciemonstrate compliance with good 
combustion practices: (a) A copy of the original equipment 
manufacturer (OEM) procedures thatsliould be followed to 
maintain .the engine generator; and (b) A list of items that will be 
checked and maintained and their frequency, to ensure that engine 
generator is operating properly; This information will be used by 
the Departmen(toestablish appropriate permit conditions In the 
operation permit. [5. 285.65(3), Wis. Stats., s. 285,65(10), Wis. 
Stats.] 

c. Test Methods, Recordkeeping, and MonitorinQ: 

(1) Reference Test Method for Carbon Monoxide Emissions: 
Whenever compliance emission testing is required, test procedures in 
40 CFR Part 60, US EPA Method 10, or an alternate method 
approved in writing by the Department shall be used to demonstrate 
compliance. [so NR439.06(4), Wis. Adm. Code] 

(2) The permittee shall record the monthly hours of operation, to 
demonstrate compliance withcondition I.C.5.a.(2). [so 285,65(10), Wis. 
Stats.. 285.65(3), Wis. Stats.} 

(3) The permittee shall keep retain on site,pians and specifications 
that iridicatethe process's fuel design capabHltles. [so NR 
439.04(1 )(d), Wis. Adm. Code] 

(4) The permittee shall record information on tile maintenance 
required in condition I.C.5.b.(3), [so NR 439.04(1 )(a)6, Wis. Adm. 
Code] 

( 
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b. Limitations: '(1) The emissions may not exceed 4,8 pounds per hour, (LAER); (2) The hours of operation may not exceed 500 hours in 
any 12 consecutive months.; (3) The use of fuel oil having a maximum sulfur content of 0,003% by weight (LAER); (4)The use' of good 
combustion practices, (LAER) [s, NR 408.04, Wis. Adm. Code, s. 285,65(3). Wis. Stats.,s. 285.65(7.). Wis. Slats.] 

b. Compliance Demonstration: 

(1) The permittee shall detem1ine the hourly emissions using 
operatingparametersand certified emission test data as required 
by 40 CFR Part 60; [so 285.65(3), 'Wis. Stats.) 

(2) The permittee shalt fire fuel all having a maximum sulfur 
content of 0,003% by weight. This condition is established to meet 
LAER emission limit, f s, NR 405,08(2), Wis. Adm. Code] 

(3) The permittee shaH provide the following information to the 
()~Rartl11e,nt~tleastfour months prior to the expiration of the 
constructJ9~permit to demonstrate compliance with good 
combustion practices: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the engine generator; and (b) A list of items that will be 
cbt;!cKed<.lrldrnaintained and their frequency, to ensure that engine 
generator is operating properly. This information will be used by 
tile Department to establish appropriate pennit conditions in the 
operation permit [so 285.65(3), Wis. Stats., s. 285.65(10), Wis. 
Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for vac Emissions: Whenever compliance 
emission testing is required, test procedures in 40 CFR Part 60, US 
EPA Method 25 or 18, or an alternate method approved inwriting by 
the Department shall be used to demonstrate compliance. [5. NR 
439.06(3). Wis. Adm. Code] -

(2) The permittee shall record the monthly hours of operation, to 
demonstratecompllance with condition I.C,6.a~(2), [so 285.65( 10), Wis, 
Stats., s, 285.65(3), Wis. Stats.] 

(3) The permittee shall keep retain on site, plans arid speCifications 
that indicate the process's fuel design capabilities. [5, NR 
439.04(1 )(d), Wis. Adm. Code] 

(4) The permittee shall record information on the maintenance 
required in condition LC,6.b.(3). [so NR 439,04(1 )(a)6, Wis. Adm. 
Code] 
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a. Limitations: (1) The emissions may not exceed 0,000114 pound per hour. (BACT); (2) The hours of operation may not exceed 500 
hours iii ahy 12,consec~ltjvemonths.; (3) The use offuel oil having a maximum sulfur. content of 0.003% by weight.. (BACT); (4) The Lise of 
good combustiqn practices. (BACT) [5, NR 405,08(2), Wis. Adm. Code, s. 285.65(3); Wis. Stats"s. 285.65(7), Wis. Stats.] 

b. Compliance Demonstration: 

(1) The.permitt~e ~I}~nd~ferrnin~tneh()urlyemlssions using fuel 
consumption records and EPRI provided or Ap.:.42 emission 
factors; [5, 285;65(3},Wis:Stats.] 

(2) The permittee shall fire fuel oil having a maximum sulfur 
contenrofO;003% .• byweight, ThiscondHion is established to meet 
BACT emission'HmitJ{s,NR405,08(2),Wis. Adm. Code) 

I 

(3) The permittee shall provide the following information to the 
Department atl¢astfour months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustlonpractiCes : (a) A copy of the origlnal eqUipment 
manufacturer (OEM) procedures that should be followed to 
maintain the engine generator; and (b) A list of items that will be 
checked and maintained and their frequency, tO'ensure that engine 
generator is operating proper/yo This information will be used by 
the DepartmenUo establish appropriate permit conditions in the 
operation permit. [so 285.65(3). Wis. Stats,. s. 285.65(10), Wis. 
Stats.} 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Lead Emissions: Whenever, 
complian~e emission testlng is required. US EPA Method 12 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department. shall be used. [s, NR 439.06(5), Wis. Adm. 
Code] 

(2) The permittee shall record the monthly hours of operation, to 
demonstrate compliance with condition LC],a,(2). [5, 285,65(10). Wis, 
Stats., s, 285,65(3), Wis. Slats.] 

(3) The permittee $l1all k~ep retain on site, plans and specifications 
that indicate the process~s fuel design capabilities. [so NR 
439,04(1)(d), Wis. Adm. Code} 

(4) The permittee shall record information on the maintenance 
required in condition f.C.7,b.(3). [s; NR 439,04(1)(a)6, Wis. Adm. 
Code] 
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a.Limitations: ('1) The emissions may not exceed 0,00000682 pound per hOUL (BACT); (2) The hours of operation may not exceed 500 
ho.ursin any 12 consecutive months.; (3) The use of fuel oil having a maximum sulfur content of 0.003% by weight. (BACT): (4) The use of 
good combustion practices. (BACT) [5, NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats., s. 285.65(7), Wis, 8tats.] 

h. Complian<;eDemonstration: 

(t) The permittee shaH determine the hourly emissions using fuel 
consumption records and EPRI provided or AP-42 emission 
factors; .. [s, 285.65(3). Wis. Stats.l 

(2) The permittee shaH fire fuel oil having a maximum sulfur 
content of 0.003% by weight This condition is established to meet 
BACT emission limit. [s. NR 405,08(2). Wis. Adm. Code} 

(3) The permittee shall provide the following information to the 
Department at least four months prior to the expiration of the 
consfructionpermit to demonstrate compllancewith good 
combustion practices : (a).A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the engine generator; and (b) A list of items that will be 
checkMandmaintained and their frequency. to ensure that engine 
generator is operating properly, This information will be used by 
the Department to establish appropriate permit conditions in the 
operation permit. [s. 285,65(3), Wis. Stats" s, 285.65(10), Wis. 
Stats,] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1 ) .Reference Test Method for Mercury Emissions: Whenever 
compliance emission testing is required, US EPA Method 29 or an 
alternative method approved in writing by the department shall be 
used/to demonstrate compliance. [so NR 439.06(8), Wis. Adm. Code] 

(2) The permittee shaH record the monthly hours of operation , to 
demonstrate compliance with condition, I.C.8.a.(2), [f,L 285,65(10); Wis, 
Stats" s. 285.65(3), Wis. Stats.] 

(3) The permittee shall keep retain on site, plans and specifications 
that indicate the process's fuel design .capabilities. [so NR 
439.04(1)(d), Wis. Adm. Code1 

(4) The permittee shaH record information on the maintenance 
required in condition I.C.8.b.(3). [~. NR439.04(1)(a)6;. Wis. Adm. 
Code] 
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.c;$·~~/:~9t;······~·~ilj~r~~9?~r·R'~~#I'~~~e· 
·.·.·l'tJ~rfgI19Wil'! ~gn:I'mi~~,~pplyt 

a, limitatio~s:'(l~ ~heemissi6ns may not exceed 0.00088 pound per miiHon Btu Heat Input. (BACT); (2) The hours of operation may not 
exceed 500 hours In any 12 consecutive months.; (3) The use of fuel oil having a maximum sulfur content of 0.003% by weight. (BACT); ('4) 
The use of go09 combustion practices. (BACT) [so NR 405.08(2). Wis. Adm, Code, s. 285.65(3). Wis, Stats., s. 285.65(7), Wis. Stats.] 

b. Compliance Demonstration: 

(1) The perrnitte(;l Sh~B '?etermlne the. hourly emissions using fuel 
consumption records and EPRI provided or AP-42 emission 
factors, [so 285:65(3), Wis; Slats.1 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Emissions of Fluorides: Whenever 
compliance erflission testing isrequired, US EPA Method 13B shall 
be used to demonstrate compliance or an alternate method approved 
in writing by the Department, shall be used. [so NR 439.06(8), Wis. 
A,dm. Code} 

.. Tw········X··tc 

(2) The permittee shall fire fuel oil having a maximum sulfur 
content ofO;OQ3%by weighLrhis Gondition is established to meet 
BACT emission:llmit. [s. NR405,08(2). Wis. Adm, Code] 

(3) The Permittee shall provide the following information to the 
Departnlent ~t !ea~tfour months prior to the expiration of the 
construction pe\mit~odemonstrate cqmpli<:ince with good 
combustion practices : (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintaintheengrri6 gen(jrator; and (b) A lis t of items that. will be 
checked andmaintained and their frequency, to ensure that engine 
generator is operating properly. Thisjnformation will be used by 
the Department to establish appropriate permit conditions in the 
operation permit [5.285.65(3), Wis. Stats.,~. 285.65(10). Wis, 

(2) The permittee shaH record the monthly hoursofoperatibn. to 
demonstrate compliance with condition I.C.9.a.(2). [8,285.65(10), Wis. 
Slats .. s,285.65(3). Wis. Stats.] 

Stats,] . 

(3) The permiitee shall keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities. [5. NR 
439,04(1 )(d), Wis. Adm, Code] 

( 4) The permittee shall record information on the maintenance 
required in condition LC.9.b,(3), [s, NR 439.04(1)(a)6; Wis. Adm. 
Code] 

a. Limitations:, 20'YQ opacity or number 1 on the Ringlemann chart. ts. NR 43:1.05, Wis. Adm; Code] 

b. Complianc~ Demonstration: 

(1) The perrnitt~e shall fire fuel oililaving a maxim Lim sulfur 
content of 0.003% by weight. This condition is established to meet 
BACT emission limit, [so NR 405.08(2), Wis. Adm. Code] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance Qr an alternate method approved in 
writing by the Department, shall be used. [so NR 439.06(9)(a)1., Wis, 
Adm, Code] 

(2) The permittee shall keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities. [s. NR 
439.04(1 )(d), Wis. Adm. Code] 
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a. Limitations: (1) The pemlittee shail use fuel oil having a maximum sulfur content of 0.003% by weight and comply with the PM/PM10 
limits to meet case by case MACT for inorganic solid HAPs; (2) The permittee shall use fuel oil having a maximum sulfur content of 0;003% 
byweight to comply with the case by case MACT limits for inorganic acid HAPs; (3) The permittee shall comply with and meet the VOC 
emission limits tocompty with case by case MACT for organic HAPs and (4) The hours of operation may not exceed 500 hours in any 12 
consecutive months.; (5) The use of good combustion practices. (BACT) [so 285~65 (13). Wis. Stats,] 

b.Compliance Demonstration: 

(1 ) The perm1ttee shall determine the hourly emissions using fuel 
consumption records and EPRI provjded or AP-42 emission 
factors~ [s, 285.65(3), Wis, Stats.] 

(2) The permittee shall fire fuel oil having a maximum sulfur 
content of 0.003% by weight. This condition is established to meet 
MACT emission limit. [s, NR 405,08(2). Wis, Adm. Code] 

(3) The permittee shall provide the following information to the 
Department at least four months prior to. the expiration of the 
constnlction permit to demonstrate compliance with good 
combustion prflPti~s:(a} A copy oftheoriginal equipment 
manufa~tuter(OGM) procedures that should be followed to 
maihtainthe engine generator; and (b) A list of items that will be 
checked and maintainod and their frequency, to ensure that engine 
generator is operating properly. This information wlH be used by 
the Department to establish appropriate pem1it conditions in the 

. operation permit. [3:· 285:65(3), Wis. Stats., s. 285.65(10). Wis. 
Stats:] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for organic HAPs. Emissions; inorganic 
solid HAPs, and inorganic acid HAPs; Whenever compliance 
emission testing is required method approved in writing by the 
Department shall be used to demonstrate compliance. [so NR 
439,Q6(8}, Wis, Adm. Code] 

(2) The permittee shall record the monthly hours of operation, to 
demonstrate compliance with condition I.C.11 .a,(4).[s . .285,65(10), 
Wis. Stats~, s. 285.65(3), Wis. Stats.] 

(3) The permittee shall keep retain on site, plans and speCifications 
that indicate the process's fuel designcapabihtles. [s, NR ' 
439.04(1)(d), Wis. Ad,)"!. Code] 

(4) The permittee shall record information on the maintenance 
required in condition Le,11.b,(3). [so NR 439;04(1 )(a)6, Wis. Adm. 
Code] 
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a. Limitations:' (1) The emissions may not exceed 0,005 pound per hour. (BACT): (2) The hours of operation may not exceed 500 hours in 
any 12c6nsecutive months,; (3)The use of fuel oil having a maximum sulfur content of 0.003% by weight [so NR 405.08(2). Wis. 
Adm. Code; s.285.65(3),Wis. Stats .• s. 285:65(7), Wis. Stats.] 

b~ Compliance, Qemonstration: 

(1) The permitt~e shall fire fue! oll having a maximum sulfur 
content of 0,003% bywe!ght.Thlscond!tion is established to 
meet BACT emi$sion limit [so NR 405.08(2). Wis. Adm. Code1 

(2) The permittee shaUqetermlnethe hourly enlfssionsusing fuel 
consumption records .. and vendor provided or AP-42 emission 
factors. [so 285.65(3), Wis. Stats.] 

c. Test Methods,Recordkeeping. and Mpnitoring: 

(1) Reference Test fv1ethod for Sulfur Acid Mist Emissions: Whenever 
compliance emission testlngis required, US EPA Method 8 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Departrnent, shall be used. [s~ NR 439.06(8), Wis. Adm. 
Code] 

(2) The permittee shall keep an operating log, which records the 
monthly hours of operation, to demonstrate compliance with condition 
Le, 12.a.(2), Is. 285.65(3), Wis. Stats., s. 285.65(10), Wis. Stats,l 

(3) The permittee shail reta.!n .on site, plans and .specifications that 
'indicate the process's fuel design capabilities. [so 285.65(3), Wis. 
Stats.] 

(4) The permittee shall keep records required under condition 
LC.3.b;( 4) - (7) to demonstrate compliance with the sulfur content in 
tl1e fuel. [s. NR 439.04(1)(d), Wis. Adm. Code, s. 285.65(3), Wis. 
Stats,] 
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to.riy~p~.~.,:~~g()s.~"Pump .... 
oeacHflre. um; 

a. UrTlitations: (1) The emissions may not exceed 0.21 pound per hour. (BACT); (2) The hoursof operation may not exceed 500 hours in 
any 12 consecutive month period.; (3) The useoffuei oil having a maximum sulfur content of 0.003% by weight. (BACT); (4) The use of 
good combustion praCtices. (BACT): (5) The emissions unit may be operated only during the hours from 9:00 am to 1:00 PM, This condition 
is established to protect the ambient air quality standards. {s. NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Slats., s. 285.65(7), Wis. 
S.t~t!f] . 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shaH be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission Hmitatioil.16 [so NR 439.07, Wis. Adm. Code] 

(2) The permittee shall determine the hourly emissions using fuel 
consumption and vendor provided emission factors. [s.285.65{3), 
Wis. Sfats.] 

(3) Stack Parameters These requirements are induded because 
the squrc$ was reviewed with these stack parameters and it was 
deterrnirle,dthat .00 increments or ambient air quality standards will 
be violated \iVhenconstructed as proposed. 

(a) The height of stack 864 shall be at least 32 feet above 
round leve! and the height of the stack 8175 shall be at least 32 
eet andJhe height of stack S176 shall be at !east 12.0 feet. [8. 
85.65(3), Wis. Stats, s.'NR 406.10, Wis, Adm. Code] 

(b) The inside diameter at the outlet of the stack S64 may not 
xceed 0.7 feet and the inside diameter at the outlet of the stack 
175 may not exceed 0.7 feet and the inside diameter at the outlet 
f the stack S176 may not exceed 0.7 feet [so 285.65(3), Wis. 
tats, s. NR 406.10, Wis. Adm. Code] 

(4) The permittee shall fire fuel oil having a maximum sulfur 
content of 0.003(Yo by weight. This condition is established to 
meet BACT emission limit. [so NR 405.08(2), Wis. Adm. Code] 

(5) The permittee shall provide the follOwing information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustion practices; (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the fire pump; and (b) A list of items that will be checked 
and maintained and their frequency, to ensure that fim pump is 
operating properly. This information will be used by the 
Department to establish appropriate permit conditions in the 
operat\on permit. [so 285.65(3). Wis. Stats., s. 285.65(10), Wis. 
Stats.J 

c. Test Methods, Recordkeeping, and M(:mitoring: 

('1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, test procedures in 
40 CFR 60 and US EPA Method 5, induding backha!f (Method 202) 
shall be llsed to demonstrate compliance or an alternate method 
approved in writing by the Department, shaH be used. [5. NR 
439.06(1), Wis. Adm. Code] 

(2) The permittee shaH keep and maintain on site technical drawings. 
blueprints or equivalent records of the physical stack parameters. [So 
NR 439,04(1)(d), Wis. Adm. Code] 

(3) The permittee shall record the monthly hours of operation, to 
demonstrate compliance with condition! .o.1.a.(2). [so 285.65( 1 0), Wis. 
Stats., s. 285.65(3), Wis. Stats.1 

(4) The permittee shall keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities. [s, NR 
439,04(,1 )(d), Wis. Adm. Code] 

(5) The permittee shall record information on the maintenance 
required in condition LD.1 .b.(5). Is. NR 439.04(1 )(a)6, Wis. Adm, 
Code] 

(6) The permittee shall record the start and end times oOhe diesel 
generator operation to demonstrate compliance with condition 

I.D.'1.a.(5). [s. 285.65(3), Wis. Stats.] 

16 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation, the permit holder may 
request and the Department may approve. in writing, an extensIon of time to conduct the lest(s). 
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a.' Limitations: (1) The emissions may not exceed 0.21 pound per hour. (BACT); (2) The hours o(operation may not exceed 500 hours in 
any 12 conseclltive months.; (3) The. lise of fuel of! having a maximum sulfur content of 0.003% by weight (BACT); (4) The use of good 
combustion practices, (BACT); (5)Theemissionsunit may be operated only during thehours from 9:00 am to '1 :00 pm. This condition;s 
established to protecttheambient airquality standards. [5. NR405.08(2), Wis, Adm. Code,s. 285.65(3), Wis. Stats., s. 285.65(7), Wis. 
Stats,] 

b. Compliance Demonstration: 

(1) Initlalcomplianceemission testsshali be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission limitation. 17 [s. NR 439.07, Wis. Adm. Code] 

(2) TIle permitt~e shall deterniine the hourly emissions using 
operatlngparan1etersahd certified test data as required by 40 CFR 
Part 60. [so 285.65(3), Wis.Stats.] 

(3) Stack Parameters These requirements are included because 
the source·was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards Will 
be violated wheh constructed as proposed. 

(a) Tile height of stack S64 shall be at least 32 feet above 
~round level and the heightofthcstack S175 shall be atleast 32 
€let and the height of stack S176 shall be at least 12,0 feet [so 
~85,65(3), Wis. $tats., s, NR 406.10, Wis. Adm, Code] 

(b) The insIde diameter at the outlet ofthe stack S64 may not 
~xceed 0.7 feet and the inside diameter at the outlet of the stack 
:5175 may hot exceed 0.7 feet and the inside diameter at the outlet 
Df the stack 5176 may not exceed 0.7 feet. [s. 285.65(3), Wis. 
~tats .. s. NR 406~10, Wis. Adm. Code] 

(4) The permittee shall fire fueloU having a f)18xirnum su~fur 
content of 0,003% by welght. This condition is established to meet 
BACT emission limit. [so NR 405.08(2), Wis. Adm. Code] 

(5) The permitt~e shall provide the following information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliance It'Jithgood 
combustion practices: (a) A copy of the original equipment 
manufaCturer (OEM) procedures that should befo!lowed to 
maintain the fire pump; and (b) A list of items that will be checked 
and maintained ,and their frequency, to ensure that fire pump is 
operating properly. This information will be used by the 
Department to establish appropriate perinit conditions in the 
operation permit. [s. 285.65(3), Wis. Stats .. s. 285.65(10), Wis. 
Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference TestMethod for PartiClllate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5. including backhalf (Method 202) shaH be used to demonstrate 
compliance or an alternate method approved in vvriting by the 
Department, shail be used. [so NR 439,06(1), Wis, Adm. Code] 

(2) The permittee shall keep and rnaintain on site technical dra'vvings, 
blueprints or equivalennecordsof the physical stack parameters. [so 
NR 439.04(1)(d). Wis. Adm. Code] 

(3) The permittee shall record the monthly hours of operation, to 
demonstrate compliance with condition 1.0.2.a.(2). [so 285.65(10); Wis, 
Stats.,s.285.65(3). Wis, Stats.] 

(4) The permittee shall keep retain on site, plans and specifications 
that indicate the process's fuel desigl) capabilities. [so NR 
439.04(1)(d), Wis. Adm. Code] 

(5) The permittee shall record information on the maintenance 
required in condition LD.2.b.(5). [so NR 439.04(1 )(a)6, Wis. Adm. 
Cod~ . 

(6) The permittee shall record the start and end times of the diesel 
generator operation to demonstrate compliance with condition 
1.0.2.a.(5). [so 285.65(3), Wis. Stats.] 

17 If the complianceemtssion tests cannot be conducted within 180 days after lhe start of initial operation, the permit holder may 
request and the Department may approve, in writing, an extension of time to conduct the test(s). 
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a. Limitations: (1) The emissions may not exceed O. 01 pound per hour. (BACT); (2) The hours of operation may not exceed 500 hours in 
any~12 consecutive months.; (3) The lise of fuel oil having a maximum sulfur content of 0.003% by weight. (BACT); (4) Tile use of good 
combustion practices. (BACT) [s; NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats., s. 285.65(7), Wis .. Stats.] 

b. Compliance Demonstration: 

(1) The PE:lrrnit,ee sh~lIdetermine the hourly emissions using fuel 
consurnR~i?~reCords, fuel sulfur content and vendor provided or 
AP~42emission factors. [so 285~65(3), Wis. Stats.] 

(2) The permittee shall fire fuel oil havihg a maximum sulfur 
content of 0.003% by weight. This condition is established to meet 
BACT emission limit [so NR 405.08(2), Wis. Adm. Code] 

(3)The.p~rmittee shall provide the following information to the 
Department at least four months prior to the expiration of the 
Qonstruction permit to demonstrate compliance with good 
corn.blJstio~practic~s;(a) A copy of the Original equipment 
~anu.f~c~ur~r (OEM) procedures that should be followed to 
maintain thefirepump; and (6) A list of items that will be checked 
and maihtained and their frequency, to ensure that fire pump is 
o~er~tipgproperly .. This information I,vill be used by ttle 
Departm~nttoestablish appropriate permit conditions in the 
operation permit. [so 285.65(3), Wis. Stats., s. 285.65{1 0), Wis. 
Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Sulfur Dioxide Emissions: Whenever 
compliance emission testing is required, US EPA Method 6, 6A or 6C 
shall be used to demonstrate compliance or an alternate method 
approved in writing by the Department, shall be used. [5, NR 
439.06(2), Wis. Adm. Codej 

(2)The permittee shall record the monthly hours Cif operation, to 
demonstrate compliance with condition I.D.3.a.(2). [so 285.65(10). Wis, 
Stats., s. 285.65(3), WiSe Stats.] 

(3) The permittee shall keep retain on site, plans ai1d speCifications 
that indicate the process'sfuei design capabilities. [8, NR 
439.04(1 )(d), Wis. Adm. Code] 

(4) The permittee shall record information on the maintenance 
required in condition I.D.3,b.(3). [so NR 439.04(1)(a)6, Wis~ Adm; 
Code} 
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(4) A representative sample'shall be taken from each fuel lot of 
fuel oil received. The sample shall.be analyzed ,by the permittee 
for the sulfur content bY'Ileighrusihg procedures outline in s. NR 
439.08(2), Wis:Adm. Code i;3nd the analysisshal! be retained by 
the permittee for aperiodofatleast five years. [s. 285.65(3). Wis. 
Stat5,] 

(5) The Department will accept, in lieu of an analysis on each fuel 
lot under (4) i;3bbve. an analysis of a representative sample of the 
fuel lot of di$till~te fuel6i1frdhlWhich the fuel lot was taken. [5. 
285.65(3), Wis. ,Stats.] 

(6)The,perrnlttee shall ret(3in c9pies of its distillate fuel oll . 
supplier's fuel sulfural1dheat'90f1tent ani;3lyse~ at the facility for 
each fuel lot of distillate Juel oil received pursuantto40 CFR 
60.334 for a period of five years, [5. NR 439.04(2), Wis. Adm. 
Code •. s. 285.65(3), Wis, Stats.] 

(7)The permittee shall further obtain certification from the fuel 
supplier that the applicable methods in s .. NR 439.08(2). Wis. Adm. 
Code, were followe<:1. if applicable, by thesup~Herin the 
preparation of said sulfur and heat content analyses: The fuel lot's 
quantity of fuel oil shall be included with the copies of these 
analyses. [so 285.65(3), Wis. Slats,] 

! 

(5) The permittee shall keep records required under condition 
I.D.3.b.(4) - (7). [so NR 439.04(1)(d), Wis. Adm. Code] 
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a.Limitations: (1) The emissions may not exceed 14.0 pounds per hour. (BACT); (2) The hours of operation may not exceed 500 hours in 
any 12 consecutive months.; (3) The use of fuel oil having a maximum sulfur content of 0.003% by weight (BACT); (4) The use of good 

. combustion practices. (BACT) [5. NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats., s, 285.65(7), Wis. Stats.] 

b. Compliance Demonstration: 

(1) The permittee shaH determine the hourly emissions using fuel 
consumption records and vendor provided emission factors. [so 
285.65(3), Wis. Stats.] 

(2) The permittee shall flrefuel all having a maximum sulfur 
content of 0.003'% by weight. This condition is established to meet 
BACT emission limit. [so NR 405.08(2), Wis. Adm. Code] 

(3) The permittee shall provide the following information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustion practices: (a) A copy of the orlginal equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the fire pump and (b) A list of items that will be checked 
and maintained and their frequency, to ensure that fire pump is 
operating properly. This information will be used by the 
Department to establish appropriate permit conditions in the 
operation permit. [so 285.65(3), Wis. Stats., s. 285,65(10), Wis. 
Stats.} 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Nitrogen Oxide Emissions: Whenever 
compliance emission testing is required, test procedures in 40 CFR 
60, US EPA Method 7 or an .alternate method approved in writing by 
the Department shall be used to demonstrate compliance. 
[so NR 439.06(6), Wis. Adm. Code] 

(2) The permittee shall record the monthly hours of operation, to 
demonstrate compliance with condition I.D.4.a.(2). [so 285.65(10), Wis. 
Stats., s. 285.65(3), Wis. Stats.] 

(3) The permittee shall keep retain on site, plansandspecifications 
that indicate the proc'ess's fuel design capabilities. [5. NR 
439,04(1)(d), Wis. Adm. Code} 

(4) The permittee shall record information on the maintenance 
required in condition lDA.b.(3). [so NR 439.04(1 )(a)6, Wis. Adm. 
Code] 
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a. Limitations: (1) The emissions may noJ exceed 3.36 pounds per hour. (BACT); (2) The hours of operation may not exceed 500 hours in 
any 12 consec~tive months.; (3) The Lise of fuel oil having a maximum sulfur content of 0.003% by weight. (BACT); (4) The use of good 
combustion practices. (BACT) [so NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats., s. 285.65(7). Wis. Stats.] 

b. Compliance Demonstration: 

(1 )The permittee shall determine the hourly emissions using fuel 
consumption i"ficords and vendor provided emissionJactors. [s. 
285.65(3), Wig.Stats.] 

(2) The permittee shall fire fuel oil having a maximum sulfur 
content of 0.003% by weight. This condition is established to meet 
BACT emisSion limit. [so NR 405.08(2), Wis. Adm. Code] 

(3) The permittee shalfprovide the following information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliance vvith good 
combustion practices: (a) Acopy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maint(3ih the fjr~ pump and (b) A list of items that will be checked' 
and maintained and their frequency, to ensure that fire pl.lmp is 
operating properly. This information will be used by the 
Department to establish appropriate permit conditions in the 
operation permit [so 285.65(3), Wis. Stats .• s.285.65(10), Wis. 
Stats,] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Carbon Monoxide Emissions: 
Whenever compliance emission testing is required, US EPA Method 
10, or an alternate method approved in writing by the Department shall 
be used to demonstrate compliance. [8. NR 439.06(4), Wjs~Adm. 
Code] 

(2)The permittee shall record the monthly hours Of operation, to 
demonstrate compliance ~vlthtonditjQn 1.0;5.a.(2). [5.285.65(10), Wis. 
Stats.,s. 285,65(3), Wis. Stats.] 

(3) The.permittee shall keep retain on site, plans and specifications 
that indicate the process'sfuel design capabilities. [so NR 
439.04(1)(d), Wis. Adm. Code] 

(4) The permittee shaH record information dn the maintenance 
required in condition 1.0.5.0.(3). [so NR 439~04(1){a)6. Wis. Adm. 
Code) 
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a. Limitations: (1) The emissions may not exceed 0.31 pounds per hour. (LAER); (2) The hours of operation may not exceed 500 hours 
in any 12 consecutive months.; (3) The use of fuel oil having a maximum sulfur content of 0.003% by weight. (LAER); (4) The use of 
good combustion practices. (LAER) [so NR 408.04, Wis. Adm. Code, s. 285.65(3), Wis, Stats., S. 285,65(7), Wis. Stats.] 

b. Compliance Demonstration: 

(1) The permittee shall determine the hourly emissions using fuel 
. consumption records and vendor provided emission factors. [so 
285.65(3), Wis. Stats.] 

(2) The pem1it1ee shaH fire fuel oil having a maximum sulfur 
contentof 0,003% by weight. This condition is established to 
meet lAER emission Ifmit [5. NR 405.08(2), Wis. Adm. Code] 

(3) The permittee shall provide the fo!lowinginformatlon to the 
Departrpent a~least four months prior to the expiration of the 
construction penn it to demonstrate compliance with good 
combustion practices: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
mai~tain thenre pump; and (b) A list of items that will be checked 
and maintained and their frequency, to ensure that fire pump IS 
operating properly. This information will be used by the ' 
Department io establish appropriate permit conditions in the 
operation permit. [so 285,65(3), Wis. Stats., s. 285.65(10), Wis. 
Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1 ) Reference Test Method for vae EmiSSions: Whenever compliance 
emission testing is required •. test procedures in 40 CFR Part 60, 
Appendix A, US EPA Method 25m 18, or an alternate method 
approved in writing by the Department shal! be used to demonstrate 
compliance. [s. NR 439.06(1), Wis. Adm. Code} 

(2) The perrnittee shaH record the monthly hours of operation, to 
demonstrate compliance with condmon 1.0.6.8.(2); [5. 285.65(10), Wis, 
Stats., s. 285.65(3), Wis; Stat5,] I 

(3) The permittee shall keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities. [so NR 
439.04(1 )(d), WfS. Adm. Code] 

(4) The permittee shall record infonnation on the maintenance 
required in condition I.D.6.b.(3), [so NR 439.04(1 )(a)6, Wis. Adm. 
Code] 
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a. Limitath~ns:: (1) Thef?m!ssionl~ may not exceed 0.0000274 pound perhou~. (BACT); (2) The hours of operation may not exceed SOD 
hours in any 12 c(m$ecutlv~mont~ period.; (3) The use of fljel 01' having a maximum sulfur content of 0.003% by weight. (BACT); (4) The 
llse of goodcombustionprflctice~. (BACT) [so NR 405.08(2). Wis. Adm. Code, s. 285.65(3), Wis, Stats" s. 285.65(7), Wis. Sta1s.] 

'. ", 

b .. COJllpfian~~ Dem9'1~tr.~tion: 

(1) The p~rmitteesh8U.geterrT1in~ theh9urly emissions uSir'l9 fuel 
con~;u·mptiof1r~('.ordsandAP-42elTllssion factors. [5: 2B5.65(3), 
Wis. Stats.]· ., . . 

(2) The perrriit~eh shall firefuet oil having a rnaximum sulfur 
content ofq'9()3%bY.l(lfeig~t.This condition is established to meet 
BACT emission IimiL.[s~.NRAo.5,08(2).Wis. AcjlTl. pode] 

. . 
(3) The permittee shall provide the following information to the 
Department.at '€last f~lJr!1)p.ntlJs pripr to th€!~xplrpt!9n of the 
con~truction .. perlTlitt?i.~e']OI1~~rat~comp!jar)ce ~th. 9()(i)d' 
c..ombustion practices: (a) A copy oftheorJgjn~1 equipment 
manufac1urer.(OEM) procedures that should be fonowed to 
maintain the fire PLimp; .a~d(t»A list ofjtemsthat'NHlb(} ch~cked 
and maintainedandtneir frequency., to ensure that~fe purnp is . 
operating properly, This ii)formation will be used by the 
Department to establish appropriate permit conditions in the. 
operation permit. [5.285.65(3), Wis. Stats,; S. 285.65(10), Wls. 
Slats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1)Reference Test Method for lead Emissions: Whenever compliance 
emission testing is required, US EPAMethod 12 shall be used to 
demonstrate compHance or an alternate rnethodapproved in writing by 
the Department, shaH be used. [so NFf439.06(5), Wis. Adm. Codel 

(2) The permittee shall record the monthly hours of operation, to 
demonstratecompHancewith condition I.D:7.8.(2), [so 285.65(10), Wis. 
Stats., s. 285.65(3), Wis. Stats.] 

(3) The permittee shall keep retain on site, plans and speCifiCations 
that indicate the process'sruel design capabilities. [5. NR 
439.04{1.)(d), Wis. Adm. COde) 

(4) The permittee shaH record information on the maintenance 
required in condition LD.7.b.(3). [5. NR 439.04(1 )(a)6, Wis. Adm, 
Code] 
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~~)i.irnitations: (1) The emissions may not exceed 0,00000164 pound per hour. (BACT); (2) The hours of operation may not exceed 500 
'hours in any 12 consecutive months.; (3) The use of fuel oU having a maximum sulfur content of 0.003% by weight. (BACT): (4) The use of 
good combustion practices. (BACT) [5. NR 405.08(2),' Wis. Adm. Code, s. 285.65(3); Wis. Stat5., s. 285.65(7), Wis. Stats.] 

b,CompUanc¢ Dernonstratlon; 

(1) T~~.perf}1HtefJ shall (tetermine the hourly emissions using fuel 
~n$urnptipn re,?qrds and EPRI provided or AP-42 emission 
factors. Is. 285.65(3). Wis. Stats.] 

(2) The permittee shaH fire fuel oB having a maximum sulfur 
contept.ofO.003% by weight. This condition IS established to meet 
BACT emission limit. [so NR 405.08(2), Wis. Adm. Code] 

(3,)ThepermittflE:lS!lall provide the following information to the 
Departm~nt ~tleastfour months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustion practlces: (a) A copy of the original eqUipment 
manllf~ytur~r(9EM) procedures thatshould be followed to 
m8;jl'l!aint~eflrepurnp; and (b) A list afitems thatwiU be checked 
and maintained and their frequency, to ensure that fire pump is 
ap~rating properly. This information will be used by the 
Department ,to establish appropriate permit conditions in the 
operation permit. [5.285.65(3), Wis. Stats" s. 285,65(10), Wis, 
Stats,] 

c. Test M~thods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Mereu!)' Emissions: 'Whenever 
compliance emission testing is required, US EPAMethod 29 or an 
alternative method approved in writing by the departmentshaU be 
used to demonstrate compliance. [so NR 439.06(8), Wis. Adm.. Code] 

(2) The permittee shall record the monthly hours of operation, to 
demonstrate cornpHancewith condition I.D.8.a.(2). [so 285,65(10). Wis. 
Stats., s. 28!?~65(3), Wis. StatsJ 

(3) The perm.itt~e shall, keePJet~in on site; p!ansand specifications 
that indicate the prpcess's fuel design capabilities. [so NR 
439.04(1 )(d), Wis.Adm;CodeJ 

(4) The permittee shall record information on the maintenar)G~ 
required in conditiOn\Q.Rb.(3). [5, NR 439,04(1)(a)6, Wis. AdM. 
Code] 
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limitations: (1)The emissi~ns may not exceed 0,00000.376 pound per hour. (BACT); (2) The hours of operation may not exceed 50.O hours 
in any 12 consecutive months,; (3) The use of fuel oil having a maximum sulfur content of 0,00.3% by weight (8ACT);( 4) The use of good 
combustionpract!ces.(BACT} [so NR 405,08(2). Wis, Adm, Code, s. 285.65(3). Wis. Stats., s. 285.65(7). Wis. Stats] 

b. Compli~nce,Oem()r1stration; 

(1) Thepermi~~~eShaIlgetermjn?the hourly,emissions using fuel 
consumption recon:is and EPRl pr9videdor AP-42 emission 
factors. [s; 285,,65(3), Wis, Stats~] . 

(2) The permjtt~e'shallfirefuel orl'ha~ing a maximum sulfur 
content of O:OO~()/Q ,by weight. Thi$<condition is estqblisned to meet 
BACT emission ilimit. [so NR405.08(2).Wis.Adm. Code] 

(3) The permittee shall prqvidethefo!!olNing information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliancewith good 
combustion practices: (a) AC<JPY oftheoriglnal equipment 
manufacturer (OfFM) proced~t~sthat sh?uld be followedto 
maintain the fire' purnp and (b.) A list of items that will be checked 
and maintained and their frequency; to ensure that fire pump is 
operating properly. This information will be useqbythe 
Department to establish appropriate permit conditions in the 
operation permit. [so 285;65(3); Wis, Stats" s. 285.65(1Q), Wis, 
Stats;} 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Emissions of Fluorides: Whenever 
compliance enlisslon testing is required. US EPA Method 138 shi311 be 
used to demonstrate Compliance or an alternate method approved in 
writing by the Department, shall be used, [s; NR 439.06(8), Wis. Adm. 
Code] 

(2) The permittee shall record the monthly hours of operation, to 
demonstrate compliance with condition 1.o.9.a.(2). Is, 285.65(10), Wis. 
Stats., 28S.65(3), Wis. Stats.] 

(3) The permittee s~aU keep retain on site, plans and specifications 
that indicate the process's fuel designcapabmties. [so NR 
43~.04tl )(d), Wise Adm, Code] 

(4) The permittee shall recOrd information on the maintenance 
required in condition LD.9.b.(3). [so NR 439.04(1 )(a)6, Wis. Adm. 
Code 

a. Limitations: 20% opacity or number 1 00 the Ringlemann chart. [so NR 431.05; Wis, Adm. Code] . 

b. Compliance Demonstration: 

(1) The permittee shall fite fuel oil having a maximum sulfur 
('..()ntent of 0.00.3% by weight. .. This ('..()I)dition is established. to meet 
BACT emission limit. [5. NR 405~OB(2). Wis. Adm. Code] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
compliarlce emission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance oranalternate method approved in 
writing by the Department, shall be used. [5. NR 439.06(9)(a)1" Wis. 
Adm .. Code] 

(2) The permittoe shall keep retain on site. plans and specifications 
that indicate the process's fuel design capabilities. [5. NR 
439.04(1)(d); Wis .. Adrn, Code] 
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a. Limitations: (1) The permittee shall use fuel oil having a maximum sulfur content of 0.003% sulfur by weight and comply with the 
PM/PM1Q limits to meet case by case MACT for inorganic solid HAPs; (2) The permittee shall us fuel oil having a maximum sulfur c6nt(ilnt 
of 0.003% by weight to comply with the case by case MACT limits for inorganic add HAPs; (3) The penl1ittee shall comply with and meet 
t~~\10gemlssion limits to comply with case by case MACT for organic HAPs and (4) The hours of operation may not exceed 500 hours in 
any 12cons¢cutive months,; (5) The use of good combustion practices. (BACT) [5. NR 445.04(3)(a), Wis, Adm, Code] 

b. Compliance Demonstration: 

(1) The pe,rf!1itteeshall determine the,hourly emissions using fuel 
C()p5ull1ption re,cords and EPRI provided or AP-42 emission 
factors,[s.285~65(3), Wis, Stats,] 

(2) The permittee shall fire fuel oil having a maximum sulfur 
contehlofO~003(%by weight. This condition is established to meet 
MACT emission Hrriit.[s. NR 405,08(2), Wis, Adm, Code] 

(3)T~eB~rrnitte~ shsH provide the following information to the 
D€lP~rtment at lea~t four months prior to the expiration of the 
construction penni! to demonstrate compliance with good 
combustion practices: (a) A copy ofthe original equipment 
manufacturer (OEM) procedures that should be followed to 
main,t~.trltI1e fire pur,np; and (b) A list of items that will be checked 
and maintained and their frequency, to ensure that fire pump is 
operating properly. This information will be used by the 
Department to establish appropriate permit conditions in the 
qperation permit [s. 285.65(3), Wis, Stats" S. 285.65(10), Wis, 
Stats.) 

c, Test Methods. Recordkeeping, and Monitoring: 

(1) Reference Test Method for organic HAPs Emissions; inorganic 
solid HAPs. and inorganic acid HAPs: Whenever compliance 
emission testing is required a method approved in writing by the 
Department shaH be used to demonstrate compliance; [so NR 
439.06(8), Wis. Adm. Code] 

(2) The permittee shall record the monthly hours of operation, to 
demonstratecomp!lance with condition I.D.11.a.(4). [s, 285,65(10), 
Wis. Stats" s. 285;65(3), Wis. Stats.] 

(3) The permittee shall keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities. Is. NR . 
439.04(1)(d), Wis. Adm. Cod,e] 

(4) The permittee shall record inforrnqtiohon the maintenance 
required in condition 1,0,11 ,b,(3). [so NR 439.04( 1 )(a)6. Wis, Adm. 
Code) 
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a. Limitatiilnsr(1) The emissions maynot exceed 0.001 pound per hour. (BACT); (2) The hours of operation may not exceed 500 hours in 
any 1Z consecutive months.; (3) The use of fuel oil having a maximum sulfur content of 0.003% by weight. (BACT); (4) The use of 
good combustion practices. (BACT) [5. NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats., s. 285~65(7), Wis. Stats,] 

b. Compliance Demonstration: 

(1 ) The permittee shall firefuei 611 haVIng a maximum sulfur 
content ofO~a03% by weighLThis condition is established to meet 
BACT emission limiLTs. NR 405.08(2), Wis. Adm~ Code] 

(2) Thepermitt~e shall deteiminethehourly emissions using fuel 
consumption reCords, and vendor provided or AP-42 emission 
factors. (s. 285.?5(3). Wis, Stats.] 

c. Test Methods, Recordkeepiflg, and Monitoring: 

(1) Reference Test Method (or Sulfur Acid Mist Emissions: Whenever 
compliance emission testing is required. US EPA Method 8 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department. shall be used. [5. NR 439.06(8). Wis. Adm. " 
Code] 

(2) The permittee shall keep an operating log. which .records the 
monthly hqurs of operation; to demonstrate compliance with condition 
1.0.12.a.(2), [s, 285,65(3), Wis. Stats" s. 285.65(10). Wis. Stats;} 

(3) The permittee shall retain on site, plans and specifications that 
indicate the process's fuel design capabilities. [so 285.65(3). Wis. 
Stats;] 

(4) The permittee sheil! keep records required under condition 
I.D,3.b.(4) - (7) to demonstrate compliance with the sulfur content in 
the fuel. [s, NR 439.04(1)(d), Wis. Adm, Code,s, 285,65(3). Wis. 
Stats·1 
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a; Limitations: 0.004 grains per dry standard cubic foot of exhaust gas and 1.307 pounds per hour. (BACT) [5. NR 405.08, Wis. Adm. 
Code, s. 285.65(3), Wis~ Stat~;.] 

b. Compliance Demonstration: 

(1 ) Initial compliance emission tests for one of the crusher house 
oust collector 1 or 2 shall be conducted \.vithin 180 days after the 
start of operation of the process to shbw compliance with the 
emission limitation. 18 [so NR 439.07, Wis. Adm. Code] 

(2) Stack Parameters These requirements are included be.cause 
the source Was reviewed with these stack parameters and It was 
detennined thatnoincrements or ambient air quality standards wi!! 
be violated when constructed as proposed. 

(~)Jhe stack height shall be at least 160feet above ground 
level. (s. 285.65(3), Wis. Stats., s. NR 406.10, Wis. Adm. Code] 

(b) Jhestack inside diameter at the outlet may not ex?eed 
3.73 Feet [so 285.65(3), Wis. Stats., s. NR 406.10, WIS. Adm. 

Code] 

(3) Particulate matter emissions shall be controlled using a fabric 
filterbaghouse system to rneet BACT limits. [so NR 405.08(2), Wis. 
Adm. Code] 

(4) The fabric filter bagt'louse system shall be in line and shall be 
operated at ail times that the dust collection system is in ~peration. 
[so NR 406.10, Wis, Adm. Code, s. NR 407,09(4)(a)1., WIS. Adm. 

Code] 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determine during the initial testing 
period. [5. 285.65(3), Wis. Stats.] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
1.E.1.b.(5). [s, NR 407.09(4)(a)1., Wis. Adm. Code] 

(7) The process shaH be monitored in accordance with a Fugitive 
Dust Control Plan. The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission Iknits. [so 285.65(3), Wis. Stats.] 

(8) Whenever fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5, including backhalf (Method 202) shall be used to demonstrate 
compliance oran alternate method approved in writing by the 
Department, shall be used. [so NR 439.06(1), Wis. Adm. Code] 

(2) The permittee shall keep and maintain on site technical drawings. 
blueprints or equivalent records of the physical stack parameters. [so 
NR 439.04(1)(d), Wis. Adm. Code] 

(3) The permittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
collection system is in operation. [so NR 439.055(2)(b)1 '. Wis. Adm. 
Code] 

(4) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter bagl10use 
system, containing the date of the action, initials of inspector, and the 
results. [5. NR 439.04(1)(d), Wis. Adm. Code} 

(5) Instrumentation to monitor the pressure drop across the fabric 
niter bag house system shall be installed and operated properly. [s. 
NR 439.055(1 )(a), Wis. Adm. Code] 

! 8 If Ihe compliance emission tests cannot be conduct.ed within 180 days after the start of Initial operation, tile permit holder may 
request and the Department may approve, in writing, an extension of time to conduct the testis). . 
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a. Limitations: 10% opacity, [s. NR 431.05. Wis. Adm. Code, s, NR 405.09, Wis. Adrn. Code, s. 440,42(3)(c). Wis. Adm. Code, s. 
285.65(3), Wis. Stats., s. 285.65(7), Wis, Stats.] See Note 1 

b. Compliance Demonstration: 

(1) The fabri?filter 9aghousesystem shaH bein line and shall be 
operated at all times that the dust collection system is in operation. 
[so NR 406,10, Wis. Adm. Code.s, NR407.09(4)(a)1 .• Wig, Adm. 
Cod~' . 

(2) The pressure drop across the fabric filter baghouse system 
shaH be ri1aintain~d within therangei~entified by condition 
I.E. 1 ,b,(5). [so NR 407;09(4)(8)1., Wis, Adm. Code] 

(3) The process shall be monitored in accordanc;:ewith a Fugitive 
bust Control Plan. The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with' emission Hmits.[s.285,65(3),Wis; Stats;] 

(4) Whenever fugltivedustemtssions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
compliance emission testing is'requlred, US EPA Method 9 shall be 
used to denlonstrate compliance or an alternate method approved in 
writing by the Department, shall be used.· (5, NR 439.06(9)(a)1., Wis. 
Adm, Code} . 

(2) The permittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
collection system is in operation. [so NR 439.055(2)(b)1., Wis. Adm. 
Code) 

(3) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system. containing the date of the action, .initials of inspector, and the 
results. [5. NR 439.04(1)(d), Wis. Adm. Code] 

(4) Instrllrnentation to monitor the pressure drop across the fabric 
filter baghouse system shall be installed and operated properly. [so 
NR 439.055('1 )(a), Wis. Adm. Code] . 

Note '1: The coal handllng/storage operations are subject tos. NR440.42(3)(c), Wis. Adm, Code (New Source 
Performance Standards, NSPS reQu~rements) for visible emissions, For these operatiqn, s. NR 440.42(3)(c), Wis. 
Adm. Code prohibits visible ernissions of 20 percent opacity or greater for any coal processes and conveying 
equipment, coal storage system. Of coal transfer and loading system. Th~ BACT limit for opa<,:ity is more restrictive 
then NSPS limits for opacity thus the crusher house operation Is expected to bein compliance with the NSPS 
emlssion·limitsfor opacity. 
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a. Limitations: 0,02 grains per dry standard cubic foot of exhaust gas and 0.394 pound per hour. (BACT) (8. NR 405.08, Wis. Adm~ 
Code, s. 285.65(3), Wis.Stats,] 

b. Compliance Demonstration: 

(1) The permittee shall detemline hourly emissions using operating 
parameters and OEM emission ·factors, [s, 285,65(3); Wis, Slats.] 

(2) Stack Parameters These requirements areinciuded because 
the source was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(8) The stack height shall be at least 120 feet above ground 
level. [so 285.65(3), Wis. Stats,. s, NR 406,10, Wis. Adm, Code] 

(b) The stack inside diameter at the outlet may not exceed 
,304 Feet. [s. 285.65(3), Wis. Stats., s. NR 406.10, Wis. Adm. 

Code] 

(3) Particulate matter emissions shall be controlled using a bin vent 
filtet systemto meet BACT limits. [ s. NR 405,08(2). Wis, Adm. 
Code] 

(4) The bin vent filter system shall be in line and shall be operated 
. ataHtimes~vhen the process is in operation, [so NR 406,10. Wis, 
Adm, Code, s. NR 407.09(4)(a)1., Wis. Adm. Code] 

(5) The permittee shaUdevelop and follow a Malfunction 
Prevention and Abaternent Plan for the bin vent filter system, The 
plan ~hall identify the?pecific measures that will be taken, vvhen 
needed and frequency needed to maintain emissions in 
compliance with emission limits. For example, specific measures 
could include: filter inspection schedule, filter replacement criteria, 
etc. The Department may request the permittee to review and 
amend the plan if necessary to maintain emissions [n compliance 
withemisston limits. [So NR 415,Q4(1)(b). Wis, Adm. Code, s. 
285,65(3), Wis. Stats,1 

(6) The process shall be monitored in accordance with a Fugitive 
Oust Control Plan. The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits, [5. 285,65(3). Wis. Stats,] 

(7) Whenever fugitive dust emissions are observed form the 
process, the permittee shaH take corrective actions to prevent 
fugitive dust from becoming airborne. [s. 285.65(3), Wis, Stats.] 

c. Test Methods, Recordkeeping. and Monitoring: 

(1 ) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5, including backhalf (Method 202) shall be lIsed to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [s, NR 439,06(1), Wis. Adm, Code] 

(2) The permittee shall keep and maintain on site technical draYJings, 
blueprints or equivalent recorctsofthe. physical stack parameters' and 
bin vent filter. is, NR 439.04(1)(d), Wis. Adm. Code] 

(3) The permittee shall keep records of at! inspections, checks and 
any maintenance or repairs performed on the bin vent filter system, 
containing the dateoftheaction, initials of inspector, and ~he results. 
[s, NR 439.04(1)(d), Wis. Adm, Code] 

/ 
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a. Limitations: 10% opaclty. [s, NR431.05, Wis, Adm. Code, s. NR 405.09, Wis. Adm. Code, s. 28S.65(3).Wis. 8tats., s. 2.85,65(7), Wis. 
Stais,] . 

b. C omplianceOemonstration.: 

(1) The bin ventjilter syst~lTlshaHbein Hne and shall be operated 
at all times whe'l' th~ pr;Oce~$js ipoperation. [so NR 406~ 10, Wis. 
Adm. Code, s. NR407.09(4)(a}1., Wis. Adm. Code] 

(2) The compliCincemethodinLE1.b., shaH be used to 
demonstrate co()lpli~nce~th·tbevisible.emission limits. [so NR 
407.09(4)(a)1., Wis. Adm. COde.s. 285;65(3), Wis. Stats.] 

c. Test Methods, Recordkeeplng,and Monitori"g: 

(1) Reference Test Method forVisible Emissions: Whenever 
compliance ernissian testing is required, US EPA Method 9 shall be 
used toqernpnstrate complianceor al'} alternate method approved in 
writing by the Department, shall be used. [5. NR 439.06(9)(a)1., Wis. 
Adm. Code) 

(2) The permittee sf)all keep records af all inspections, checks and 
any maintenance 9( repairs performed on the bin vent filter system, 
containing the date afthe action, initials af inspector, and the results. 
[s, NR 439,04(1 )(d), Wis, Adm, Cade] 
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a. Limitations: 0.01 grains per dry standard cubic foot of exhaust gas and 2.331. pounds per hour. (BACT) [so NR 41S.06(2Xc}; Wis. Adm. 
Gade, s. NR 405,08, Wis. Adm. Code, s. 285.65(3). Wis. Stats.) 

. Compliance Demonstration: 

(1) Initial compliance ernissioh tests shall be conducted within 180 
days after the start of operation of the process to show compliance 
~~ththe emission limitation. 1.9 [so NR439.07, Wis. Adm. Code] 

(2) Stack Parameters These requirements are included because 
the source was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(a) The stack height shall beat least 175feet above ground 
level. [so 285,65(3). Wis. Stats., s, NR 406.10, Wis. Adm, Code] 

(b) The stack inside diameter at the outlet may not exceed 3.1 
.f(1et [so 285.65(3), Wis. Stats., s. NR 406.10, Wis. Adm. Code] 

(3) Particulate matter emissions shall be controlled using a fabric 
filterbaghousesystem to meet the BACT limits. [so NR 405.08(2). 
Wis. Adm, Code] 

(4) The fabric filter bag house system shall be in line and shall be 
operated at aU times that the dust collection system is in operation. 
[s~ NR 406.10, Wis, Adm, Code, S. NR 407.09(4Xa)1" Wis. Adm. 
Code] 

(5) The operating pressure drop range across the fabric filter 
bag house system shall be determine during the initial testing 
period. [5. 285,65(3). Wis. Stats,] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained Within the range identified by condition 
I.G,1,b.(5). [so NR 407,09(4)(a)1" Wis. Adm, Code] 

(7) The process sMIi be monitored in accordance with a Fugitive 
Dust Control Plan, The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits, (s, 285,65(3). Wis, Stats,] 

(8) Whenever fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285.65(3), Wis. Stats,] 

c. Test Methods, Recordkeeping" and Monitoring: 

(1) Reference Test Method for Particulate rV1atter Emissions: 
Whenever compliance emissior1 testing is required, US EPA Method 
5, including ,backhalf (Method 202) shall be .used to demonstrate 
compliance or an al.ternate method approved in writing by the 
Department, shall be used. [so NR 439,06(1). Wis, Adm. Code] 

(2) The permittee shall keep and maintain on site technical draWings, 
blueprints or equivalent records of the. physical stack par(lmeters. [s. 
NR 439,04('1 )(d). Wis. Adm. Code] 

(3) The permittee shaH record the pressure drop across the fabric 
filter bag house system every eight hours whenever the dust 
coHection system is in operation. [5. NR 439,055(2)(b)1 .. Wis~ Adm. 
Code] 

(4) The permittee shall keep records·of all inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results. [s, NR 439.04(1)(d). Wis. Adm, Code] 

(5) Instrumentation to monitor the pressure drop across the fabric 
filter baghouse system shaH be installed and operated properly. [5. 
NR 439.055(1)(a). WIS. Adm. Code] 

19 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation, the permit holder may 
request and the Department may approve. in writing, an extenSion of time to conduct the lest(s), 
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a. Limitations:'10% opacity. (s. NR 431.05, Wis. Adm. Code, s.NR 405.09, Wis. Adm. Code, s. 285.65(3), Wis. Slats., s. 285.65(7), Wis. 
Stats,] 

b. Compliance Qemonstration: 

(1 ) The fabric filter baghou$e system shall be in li"p and shaH be 
operated at aU times that the dust collection system is in operation. 
[so NR 406.10, Wis. Adm, Code,s. NR407.09(4)(a)1 .• Wis. Adm. 
Code] 

(2) The pressurq drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
I.G.1.b.(5), [so NR40T09(4)(a)1,. Wis. Adm. Code] . 

(3) The process'shall be monitored in accordance with a Fugitive 
Dust Control Plan, The Department may request the permittee to 
review and amendtheplanifnecessaryto maintain emissions in 
compliance with emission Hmits~ [8.285.65(3), Wis.Stats.] 

(4) Whenever fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285,65(3), Wis. Stats,] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions; Whenever 
compliance emission testfng is required, US EPA Method 9 shallbe 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used, [so NR 439.06(9)(a)1., Wis. 
Adm. Code] , 

(2) The permittee shall record the pressure drop across the fabric 
filter bag house system every eight hours whenever the dust 
collection system is in operation, [so NR 439.055(2Xb)1., Wis~ Adm, 
C~~· ." 

(3) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter paghouse 
system, containing the date of the action, initials of Inspector. and the 
results. [5. NR 439.04(1)(d), Wis. Adm. Code]' , 

(4) Instrumentation to monitor the pressure drop across the fabric 
filter baghouse system shall be installed and operated properly. [5. 
NR439.055(1Xa), Wis. Adm. Code] 

Page 63 



!i~ . •..•.....•. .;;c .;'.>;: ...i ......... >.' .......• . •• <>'·;,·ii·'·' .. ;X .....• .....; ....•.. r ." ·.·.·.·····.:i.· ....• 
IL(··(·\; •.• .,~J .. ,,;i.{~:::,... 'li" ..... ' ............ •.•.•... ...., ... //:,i··.·' ....... '.' .... ·,:·, ·.'.i\ ... ' ...•. '...... . ...... ' .... ,....); , ..... " ..•..•. 
•.•••• .... ,......,.; ;· .•. ,.!'f ... • ... ' ..... " .' ..... · •. <;i.· .. · • .•• ; .••.• ' > , ·>; .. i,""i · .. >..i<,,\ •• 

a. Limitations: 0,004 grains per dry standard cubic foot of exhaust gas and 0.480 pound per hour. (BACT) [5. NR 415.06(2)(c), Wis. AdlTI. 
Code, s. NR 405.08, Wis. Adm. Code, s, NR 440.688(3), Wis. Adm. Code, s. 285.65(3), Wis. Stats,] See Note 1 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission Hmitation.20 [so NR 440.688(6}(b), Wis. Adm. 
Code, s. NR 439.07, Wis. Adm. Code] 

(2) Stack Parameters These requirements are included because 
the source was reviewed wi1h these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(a) The stack height shall be at least 60 feet above ground 
leveL [5; 285.65(3), Wis. Stats., s. NR 406.10, Wis. Adm, Code] 

(b)The stack inside diameter at the outlet may not exceed 2.3 
feet. [so 285,65(3), Wis. Stats., S. NR406.10. Wis. Adm. Code] 

(3) Particulate matter emiSSions shaH be controlled using a fabric 
filterbaghouse system to meel the BACT limits. [s, NR 405.08(2), 
Wis. Adm. Code] 

(4)The fabric fitter baghouse system shall be in line and shall be 
operated at all times that the dust collection system is in operation. 
[so NR 406.10, Wis. Adm. Code, s, NR 407.09(4Xa)1 .. Wis, Adm. 

Code] 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determine during the initial testing 
period, [5, 285.65(3), Wis. 5tats.] 

(6) The pressure drop across the fabric filter bag house system 
shall be maintained w~thin tile range identified by condition 
LH.1.b.(5). [5. NR 407,09(4)(a}1., Wis. Adm. Code] 

(7) The process shall be monitored in accordance with a Fugitive 
Dust Control Plan. The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits. [so 285.65(3}, Wis. Stats.] 

(8) Whenever fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285,65(3). Wis. Slats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) ReferenceTest Method for Particulate Matter Emissions: 
Whenever compliance emission testtng is required, US EPA Method 
5, including backhalf (Method/202) shall be used to demonstrate 
compliance or an alternate method approved in wrltfng by the 
Department, shall be used, [s, NR 440.688(6)(b), Wis. Adm. Code, s, 
NR 439.06(1). Wis. Adm. Codej 

(2) The permittee shall keep and(maintain on site technical drawings, 
blueprints or equivalent records of the physical stack parameters. [so 
NR 439.04(1 )(d), Wis. Adm, Code] 

(3) The permittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
collection system is in operation. [5, NR 439.055(2)(b)1., Wis. Adm, 
Code} 

(4) The permittee shall keep recprds of all inspections. checks Clod 
any maintenance or repairs performed'on the fabric filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results, [so NR 439.04( 1 )(d), Wis. Adm. Code] 

(5) Instrumentation to monitor the pressure drop across the fabric 
filter baghouse system shall be installed and operated properly. [5. 
NR 439.055(1)(8), Wis. Adm. Code] 

Note 1; The limestone prep operation is subject to New Source Performance Standards (NSPS) for particulate matter 
under s, NR 440.688(3), Wis. Adm. Code and the limit is 0.022 gr/acf, The BACT limit for particulate matter is more 
restrictive than NSPS limit for particulate malter thus tt1e limestone prep operation is expected to meet the NSPS 
emission limit for particulate matter. 

-------- ....... ~ ..... -..... "--.--

10 If the compliance emission lests cannot be conducted within '180 days after the start of Initial operation, the permit holder may 
request and the Department may approve, in writing, an extenSion of time 10 conduct the test(s). 
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a. Limitations: 7% opacity, [s. NR431.05,Wis.Adm;Code;s~ NR 405.09; Wis. Adm. Code, s~NR440,688(3)(a), Wis~ Adm. Code, s. 
285.65(3); Wis. Stats .• S. 285.65(7), Wis. Stats.] See NOte 1 

b. Compliance' DemonstratiQn: 

(1 ) The fabric filter bag~busesyst~m shall be in line arid shall be 
operated at aHtfmes thaqhe dust coHecti.on system IS in operation. 
[so NR 406.10, Wis;'AdrfLCode, s.NR407.09(4)(a)LWis. Adm. 
Code] . 

(2) The pressure drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
I.H.l.b;(5j. [s, NR407~09(4)(a)1., Wis. Adm. Code] 

(3) The permittee shail determine compliance with the visible 
emission limits using EPA Approved Method 9. [so NR 
440.688(6)(b)2., Wis., Adr'rh;Code;· [5. 28S:65(3), Wis. Stats.] 

(4) The process'shall be monitored in accordance With a Fugitive 
Dust Control P!i:ln. The Oepartment may request the permittee to 
reviewan.d amend the plan if necessary to maintain emissions in 
compliance with' emission Hmits.·[s.285.65(3); Wis. Stats.] 

(5) Whenever fugitive dustemrssions are observed form the 
process, the permittee shall tak.e corrective actions to prevent 
fugitive dust from becoming airborne. [s. 285.6S(3);Wis, Stats.] 

c. Test Methods, Recordkeeping, and Monitoring; 

(1) Reference Test Method for Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method. 9 shall be 
used to demonstrate compliance or' an alternate method approved in 
writing by the Department. shaH be used. [s'. NR439.06(9)(a)1., Wis. 
Adm. Code] 

(2) The permitteesha!l record the pressure drop across the fabric 
fitter bagtlouse system every eight hours whenever the dust 
collection system is in operation. [13. NR 439.0S5(2)(b)1., Wis. Adm. 
Code] 

(3)The permittee shall keep records of all inspections; checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results. [so NR 439.04(1)(d). Wis. Adm. Code] 

(4) Instrumentation to monitor the pressure drop across the fabric 
flIterbaghouse system shaH be installed and operated properly. [5: 
NR 439.055( 1 )(a), \!Vis. Adm. Code] 

(S) The permittee shall submit written reports of the results of all 
performance tests conducted to demonstrate compliance with the 
visible emission limits in I.H.2.a. Including reports of opacity 
observations made using Method 9" [s. 285,65(3), Wis. Stats,] 

Note 1: The limestone prep operation is subject to New Source Performance Staridards (NSPS)to visible emissions 
limit under s. NR 440.688(3), Wis. Adm, Code and the limit is 7% opacity. 
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/ 

a. Limitations: 0.004 grains per dry standard cubic foot of exhaust gas and 1.759 pounds per hour. (BACT) [so NR 415,06(2)(c), Wis. 
Adm. Code, s. NR 405.08. Wis. Adm. Code, s, 285.65{3), Wis. Stats.] 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
days.after the start of operation of the process to show compliance 
with the emission Iimitation.21 is. NR 439;07, Wis. Adm. Code] 

(2) Stack Parameters These requirements are included because 
thesQurce was reviewed with these stack parameters and it was 
determined that no increments or ambient airquaHty standards will 
be violated ,,'\!hen constructed as proposed. 

(a) The stack height shall be at least 280 feet above ground 
level. [so 285.65(3). Wis. Stats" s. NR406.10. Wis. Adm. Code] 

(b) The stack inside diameter at the outlet may not exceed 4.33 
feet. [5.285.65(3), Wis. Stats., s. NR406.10; Wis. Adm. Code] 

(3) Particulate matter emissions shall be controlled using a fabric 
filter:baghouse system to meet BACT limits. [so NR 405.08(2), Wis. 
Adm. Code] 

(4}The f(i)bric filterbaghouse system shall be in line and shall be 
op~ratE:dataU times that the dust collection system is in operation. 
[so NR406~tO; Wis, Adm. Code, s. NR 407,09(4)(a)1 ... Wis. Adm. 

Code] 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determine during the initial testing 
period, [s, 285.65(3), Wis, Stats.] 

(6) The pressure drop across the fabric filter baghoLlse system 
Shall be maintained within the range identified by condition 
1.I.1.b.(5), [so NR407.09(4)(a)1., Wis, Adm, Code] 

(7) The process shall be monitored in accordance with a Fugitive 
Dust Contro! Plan. The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits. [so 285.65(3), Wis, Stats.] 

(8) Whenever fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285.65(3), Wis. Stats.] 

----_ ... , ............... "._._-----

c. Test Methods. Recordkeeping, and Monitoring: 

('1) Reference Test Method for Particulate Matter Emissions: 
Whenever cornpliance emission testing is. required, US EPA Method 
5, including backhalf (Method 202) shall be usedto demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [so NR 439,06(1), Wis. Adm, Cope] 

/ 

(2) The permittee shall keep and maintain on site technical drbwings, 
blueprints or equivalent records of the physical stack parameters, [so 
NR 439.04( 1 X d), Wis. Adm, Code] 

(3) The pem)ittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
collection system is in<operation. [so NR 439,055{2}(b}1 .. Wis. Adm. 
Code] 

(4) The permitteesha!l keep records.of allinspecttons, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, initials of inspector. and the 
results. [so NR 439:04(1 )(d), Wis. Adm. Code] 

(5) Instrumentation to monitor the pressure drop across the fabric 
filter baghouse system shall be installed and operated properly. [so 
NR 439.055(1 )(8), Wis. Adm. Code] 

2! If the compliance emission tests cannot be conducted within 180 days after the start of initiiiloperation. tile permit holder may 
r~quest and lhe Department may approve, in writing. an oxtension of time to conduct the tesl(s), 
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a. Limitations: 1 0% opacity [so NR 431.05, Wis. Adm. Code, s, NR 405.09, Wis. Adm~Codeis, 285.65(3), Wis. Stats., s. 285.65(7). Wis. 
Stats.} : 

b. ComplianeeDenlonstr~~i<)f1: 

(1 ) Th~ Ja9tiCfHterl)agh6~sesys~e(nShallbe inline.andshall be 
operatedat.aH.time~th~tthe)j~stcolleCtion system·!s In operation. 
[so NR406,10, Wis. Adm. Cod~.,s, NR 407~09(4)(a)1.:, Wis. Adm. 
Code] 

(2) Thepres~ure dropac~ossthe ~abrlc filter bag house system 
shall.be maintained~thi~the'rangeidentified by condition 
LL 1.b.(5). [s.NR407.09(4)(a)1;, Wis. Adm, Code) 

(3) The process shall be monitored in accordance with a Fugitive 
Dust ControfPlan.The Depa'rtment may request the permittee to 
review and arne,ndthepl~f1ifnecessary to ma.intain emissions in 
compliance witnemission limits. is. 285.65(3); Wis. Stats,] 

(4) Whenever f49ilive dust emissions are obseNed form the 
process; the permittee shall t~ke corrective actionstqprevent 
fugitive dust from becoming airborne, [s, 285~65(3); Wis. Stats.] 

c. Test Methods, Recordkeeping,· and Monitoring: 

(1) Reference Test Method fbi' Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used. [so NR 439.06(9)(a)1" Wis. 
Adm, Code] 

(2) The pennitteeshail record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
collection system is in operation. [s, NR439.055(2)(b)1., Wis. Adm. 
Code] 

(3) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date oUhe action, initials of inspector, and the 
results. [so NR 439.04(1){d). Wis. Adm. Code] 

(4) Instrumentfjtion to monitor the pressure drop across the fabric 
filter baghouse system shall be installed and operated properly. [5. 
NR 439.055(1)(a), Wis. Adm. Code] 
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a. limitations: 0,004 grains per (lry standard cubic foot of exhaust gas and 1.182 pounds per hour. (BACT) [s~ NR 415,06(Z)(c),. Wis, 
Adm, Code, s. NR 405,08, Wis. Adm. Code, s. 285.65(3). WIs. Stats.} 

b; Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
daysClft~rthe start of operation of the process to show compliance 
with the emission limitation, 22 [so NR439,07. Wis. Adm, Code] 

(2) Stack Parameters These requirements are includeej because 
the source was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be Violated when constructed as proposed, 

(a)Thestack height shan be at least 240 feet above ground 
levet[s. 285.65(3), Wis, Stats., s. NR 406, to, Wis. Adm. Code] 

(b) . The stack inside diameter at the outlet may not exceed 3.6 
··feeL [s.Z85.65(3),Wis. Stats., s. NR 406.10, Wis, Adm. Code] 

(3) Particulate matter emissions shall be controHed using a fabric 
filterbCighou?e system to meet the BACT limits. [so NR 405.08(2), 
WIS. Adm; Code} 

(4) The fabric filter bag house system shall be in line and shall be 
operatedataH times that the dustcolleclion system is in operation. 
[so NR406,lO, Wis. Adm. Code, s, NR 407.09(4)(a)1 '. Wis. Adm. 

Code] 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determine during the initial testing 
period. [5. 285,65(3), Wis. Stats,] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
LJ:1 ;b.(5), Is; NR 407.09(4)(a)1" Wis. Adm. Code] 

(7) The process shall be monitored in accordance with a Fugitive 
Dust Control Plan, The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits, [so 285.65(3), Wis. Stats.] 

(8) Whenever fugitive dust emissions are observed form the 
process, the permittee shaH take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285.65(3), Wis, Stats.! 

c. Test Methods, Recordkeeping, and Monitoring: 

(1 ) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required. US EPA Method 
5, including b(3ckhalf (Method 202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [so NR 439.06(1), Wis. Adm, Code] 

(2) The permittee shall keep and maintain on site technical drawings. 
blueprints or equivalent records of the physical stack parameters, [so 
NR 439.04(1 )(d), Wis, Adm. Code] 

(3) The permittee shall record the pressure drop across the fabric 
filter bag house system every eight hours whenever the dust 
collection system is in oPeration. [so NR 439,055(2)(b}1 .. Wis, Adm. 
Code] 

(4) The permittee shall keep records of aU inspections, checks and 
any maintenance or repairs performed on the fabric filter bagh~~se 
system, containing the date of the action, initials of inspector,· and the 
results. [so NR 439.04(1 )(d), Wis, Adm. Code] 

(5) Instrumentation to monitor the pressure drop across the fabric 
filter bag house system shall be instaliedand operated properly, [s, 
NR 439,055(1)(a), Wis,Adm. Code] 

\ 
) 

22 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation. the permit holder may 
request and the Department may approve, in writing, an extension of time to conduct the test(s}. 
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a. Limitations:: 10% opacity [s. NR 431,05, Wis. Adm. Code, s, NR 405.09, Wis. Adm. Code, s. 28S.65(3), Wis. Stats., s. 285,65(7), Wis. 
Stats.] 

b. Compliance:,oemonstratlon:' 

(1 ) The fabric filter b?ghoose~Y$ter:ri shall be in line and shall be 
operated at alltlrn~sthat the dust collection system IS in operation. 
Is, NR 406, 10,Wis: Adm:' Code,s. NR 407.09(4)(a)L Wis. Adm, 
Code] , 

(2) The pressure drop across the fabric filter bag house system 
shall be maintained Within the r~ngeidenHfied by condition 
I.J.1.b,(S). [5. NR407.09(4)(a)1.; Wis. Adm. Code] 

(3) The process 'shall be monitored in accordance with a Fugitive 
Oust Control· Plan. The.Depa~rn~nt may request the perrriittee to 
review andamendthe plan'if necessary to maintain emissions in 
compliance with emission limits, [s.285.65(3), Wis, Stats.] 

(4) Whenever fugitjV~ dust emissions are observed form the 
process, thepemlittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [8. 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department. shall be used. [so NR 439.06(9)(a)1., Wis. 
Adm; Code] 

(2) The permittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
collection system is in operation. [5. NR 439.055(2)(b)1., Wis. Adm. 
Code] 

(3) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, cbntaining the date of the action, initials of inspector, and the 
results. [s, NR 439.04(1 )(d), Wis. Adm, Code] 

(4) Instruruentation to monitor the pressure drop across the fabric 
filter baghouse system shall be instaHed and operated properly. [so 
NR 439.055(1)(a), Wis. Adm. Code] 
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a. Limitations: 0.004 grains per dry standard cubic foot of exhaust gas and 0.567 pound per hour. (BACT) [s, NR 415.06(2)(c). Wis. Adm. 
Code, s. NR 405.0B, Wis. Adm. Code, s, 285.65(3), Wis. Stats.] 

b. Compliance Demonstration: 

(1)lnitlal compliance emission tests shall be conducted within 180 
. days after the .slart of operation of the process to show compliance 
with the emission Iimitation.23 [so NR 439.07, Wis. Adm. Code] 

(2) Stack Parameters These requirements are included because 
the source was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(a) The stack height shall be at least 196 feet above ground 
level. [so 2B5.65(3), Wis, Stats., s. NR 406.10, Wis. Adm. Code] 

(b)The stack inside diameter at the outlet may not exceed 2.5 
feet. (8.285.65(3), Wis. Slats" s. NR 406.10, Wis. Adm. Code] 

(3) Particulate matter emissions shall be controlled using a fabric 
filter baghouse system to meet the BACT limits. [so NR 405.0B(2), 
Wis. Adm. Code] 

(4) The fabric filter bag house system shall be in line and shall be 
operated at all times that the dust collection system is in operation. 
[so NR 406.10. Wis. Adm, Code, s. NR 407,09(4)(a)1., Wis. Adh'l. 

Code] 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determine during the initial testing 
period, [5, 285.65(3), Wis. Stats.] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained l,'VIthin the range identified by condition 
I.K1.b.(5). [so NR 407,09(4)(a)1" Wis. Adm. Code] 

(7) The process shaH be monitored in accordance with a Fugitive 
Dust Control Plan. The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits, [So 285.65(3), Wis, Stats.] 

(8) Whenever fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285,65(3). Wis. Stats,] 

c. Test Methods, Recordkeeping, and Monitoring; 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5, lnc!udingbackhatf (Method 202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used, [so NR 439.06(1). Wis, Adm. Code] 

(2) The permittee shall keep and maintain on site technical drawings, 
blueprints or equivalent records ofthe physical stack parameters. [5. 
NR 439,04(1)(d). Wis, Adm. Code] 

(3) The permittee shall. record the pressure drop across the fabric 
filter bag house system every eight hours whenever the dust 
collection system is in operation. [s. NR 439,055(2)(b)1., Wis. Adm. 
Code] 

(4) The permittee shall keep records of all inspections. checks'and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results. [s. NR 439.04(1)(d). Wis, Ado), Code] 

(5) Instrumentation to monitor the pressure drop across· the fabric 
filter baghoLlse system shalibeinstaUed and operated properly. [so 
NR 439.055(1 Xa), Wis. Adm. Code] 

23 If the compliance emission tesls cannot be conducted witl1in 180 days after the start of initial operation, the permit holder may 
request and the Department may approve. in writing. an extension of time to conduct the test(s}, 
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a, limitations;: 10% opacity [s, NR 431.05, Wis. Adm; Code, s. NR 405.09, Wis. Adm, Code, s. 285.65(3), Wis. Stats., s. 285.65(7}, Wis. 
Stats.] , 

b. Compliance Demonstration: 

(1) The fabric filter bag house system shall be in line and shall be 
operated. at all,tirn~~th~t th~edust collection system is in operation. 
[so NR 406.10,Wis;Adm.Cod~,s. NR 407.09(4)(a)1., Wis. Adm. 
Code] , 

(2) The pressureqrop.across thefabri.c filter bag house system 
shali be maintainedwlthin the range identified by condition 
LK.1.b.(5). ,[~; NR 407.09(4)(a)1., Wis. Adm. Code} 

(3) The process: shall be monitored 'in accordance with a Fugitive 
Dust Control Plan. The Department may request the permittee to 
review and amend the plan If necessary to. m~jntajn emissions in 
compliance with' emission limit?, [8: ·285.65(3), Wis. StatR] 

(4) Whenever 'fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust frombecomirig airborne, [s, 285.65(3), W!S~ Stats:] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1 ) Reference Test Method for Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method 9 shaH be 
llsed.todemonstrate compliaryce or an alternate method approved in 
writing by tIJe Department. shall be used. [8, NR 439.06(9)(a)1 .• Wis., 
Adm. COde] 

(2) The pemlittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
collection system is in operation~ [So NR 439,Q55(2)(b)1., Wis, Adm. 
Code] 

(3) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action,initials of inspector, and the 
results. [so NR. 439.04(1 )(d). Wis. Adm, Code] 

(4) Instrumentation to monitor the pressure drop across the fabric 
fIIterbaghause system shaH be installed and operated properly. [so 
NR 439,055('lXa); Wls, Adm. Code] 
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a, Limitations: 0.004 grains per dry standard cubic foot of exhaust gas and 1.371 pounds per hour. (BACT) [s~ NR 415.06(2)( c), Wis. 
Adm. Code, s. NR 405.08, Wis. Adm. Code, s. 285.65(3), Wis. Stats,] 

b. Compliance Demonstration: 

(1) Initial compliance emission tests on anyone IGCC coal silos 
dust collector or b shall be conducted within 180 days after the 
start of operation of the process to·show compliance with the 
emission Iimitation.24 [so NR 439.07, Wis. Adm. Code] 

(2) Stack Parameters These requirements are included because 
thesQurce was revieWed with these stack pararneters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

{a)Thestack height shall be at least 130 feet above ground 
leveL[s; 285,65(3), Wis. Stats, s. NR406~ 10, Wis. Adm. Code] 

(b) The stack inside diameter at the outlet may not exceed 3:8 
feet [5.285,65(3), Wis. Stats., s. NR406.10, Wis. Adm. Code] 

(3)ParticLilate matter emiSSions shall be controlled using a fabric 
filter baghouse system to meet the BACT limits, [so NR 405.08(2). 
Wi~,Adm. Code] 

(4) The fabric filter baghouse system shaH be in fine and shall be 
operated at all times that the dust collection system is in operation. 
[5. NR 406.10, Wis. Adm. Code, s. NR 407.09(4Xa)1., Wis. Adm. 

Code} 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determined during the initial testing 
period. [so 285.65(3), WIs. Stats.] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
I.L1.b,(5). [so NR 407.09(4)(a)1., Wis. Adm. Code] 

(7) The process-shall be monitored in accordance with a Fugitive 
Dust Control Plan. The Department may request the pennittee to 
review and amend the plan if necessary to maintain emissions in 
compliance wfth emission limits. [so 2&5.65(3), Wis, Stats.] 

(8) Whenever fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285.65(3), Wis. Stats.1 

c. Test Methods, Recordkeepin91 and Monitoring: 

(1) Reference Test Method for PartiCUlate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5, including backhalf (Method 202) shall be used to demonstratg 
compliance or an alternate method approved in writing by the 
Department, shall be used. [5. NR 439.06(1). Wis. Adm. Code] 

(2) The permittee shall keep and maintain on site technlcaldrswings, 
blueprints or equivalent records of the physical stack parameters. [so 
NR 439,04(1 )(d), Wis. Adm. Code] 

(3) The permittee shall record the pressure drop across the fabriC 
filter baghouse system every eight hours whenever the dust 
collection system is in operation. [so NR 439.055(2)(b)1., Wis. Adm. 
Code] 

(4) The permittee shall keep records of aU inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results. [so NR 439.04(1 )(d). Wis. Adm~ Code] 

(5) Instrumentation to monitor the pressure drop across the fabric 
filter bagtlouse system shall be installed and operated properly. [5. 
NR 439.055(1 )(a), Wis. Adm. Code) 

24 If the compliance emission tesls cannot be conducted within 180 days after the start of initial operation, the permit holder may 
request and the Department may approve, in writing. an extension 01 time to conduct the test(s). 
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a. Limitations: 10% opacity [so NR 431,05, Wis. Adm. Code, s. NR 405.09, Wis, Adm. Code, s, NR 440,42(3){c), Wis. Adm. Code, s. 
285.65(3), Wis.:Stats.,s. 285~65(7), Wis. Stats,] See Note 1 

b. Compliance Demonstration: 

(1 ) The fabric fll~er baghouse system shall be ir line, and shall be 
operated at all time~that the dust collection system is in operation. 
[so NR 406;10,. Wis. Adm, Code, S~ NR407.09(4){a)1., Wis, Adm. 
Code] 

(2) The pressure drop across tlJ~fabric filter baghouse system 
shall be maintained within the rarQeidentified.by conditton 
IL ·1.b.(5). [5. NR 407.09(4)(a)1.;Wis. Adm. Code] 

(3) The process, Shall~~(n9~it9re~irraccordance with a Fugitive 
Dust Control PI~n~ TneDepartmentt)"lClY request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits. [so 285;65(3), Wis. Stats.] 

(4) Whenever fugitive dust emiSSions are observed form the 
process, the pe~mitteeshaU take corrective actions to prevent 
fugitive dust from becoming airborne. [s, 285,65(3), Wis. Stats,] 

c, Test Methods, Recordkeeping, and Monitoring: 

(1) ReferenceTest Method for Visible Emissions: Whenever 
compli~mce emission testing is required, US EPA Method 9 shaH be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department. shall beqsed. [~. NR439.06(9)(a)1., Wis. 
Adnl.Code] . 

(2) The permittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
coHectlonsystem is .in operation. [5. NR 439.055(2)(b)1., Wis .. Adm. 
Code] 

(3) The permittee shall keep records of all inspections. checks and 
any maintenance or repairs periormedon tile fabric filter baghouse 
system, contaIning the date of the action, initials of inspector; and the 
results. [so NR 439.04(1)(d), Wis. Adm. Code] 

(4 j Instrumentation to monitor the pressure drop across the fabric 
filterbaghouse system shall be installed and operated properly. [s: 
NR439.055(1 )(a), Wis. Adm. Code] 

Note 1i: The coal handling/storagH operations are subject to s. NR 440.42(3)(c), Wis. Adm. Code (New Source 
Performance Standards, NSPS requirements) visible emissions. For these operation, s. NR 440,42(3)(c), Wis. Adm. 
Code prohibits visible emissions of 20 percent opacity or greater for any coal processes and conveying equipment. 
coa!storage system, or coal transfer and loading system. The BACT limit.foropacity is more restrictive then NSPS 
limits for opacity thus the coalhandHng/storage operations is expected tO'be in compliance with the NSPS visible 
emissi,on limits, 



·a. Limitations: 0.004 grains per dry standard cubic foot of exhaust gas and 0,944 pound per hour, (BACT) [s, NR 415,06(2)(c). Wis. Adm. 
Code,s.NR 405,OfkWis, Adm. Code, s. 285.65(3), Wis. Stats.] 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission Ilmitatlon.25 [so NR 439.07,Wis. Adm. Code] 

(2) Stack Parameters These requirements are included because 
the SOl.lfOOWaS reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
beviolat~dwhen constructed as proposed. 

(Ci) ThE:)s'aCkh~ight shall be at least25 feet above ground 
level. (s. 285.65(3), Wis. Stats., s. NR 406.10, WIS. Adm. Code] 

(b) The stack inside diameter at the outlet may not exceed 3.2 
feet. [5.285.65(3), Wis. Stats., s. NR 406.10, Wis. Adm. Code] 

(3) Particulate matter emissions shall be controlled using a fabric 
filter baghouse system to meet the BACT limits. [so NR 405.08(2), 
Wis .. Adm. Code] 

(4) The fabricfilter baghouse system shall be in line and shall be 
operated at all times that the dust collection system is in operation. 
[5. NR 406:10; Wis. Adm. Code,s. NR407.09(4)(a)1., Wis. Adm. 

Code] 

(5) The operating pressure drop range across the fabric filter 
bag house systell1 shaH be determine during the initial testing 
period. [5, 285.65(3), Wis. Stats.] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
I.M,1.b.(5). (5. NR 407.09(4)(a)1 .. Wis. Adm. Code] 

(7) The process shall be monitored in accordance with a Fugitive 
Dust Control Plan. The Department may request the permittee to 
review and amend the plan jf necessary to maintain emissions in 
compliance with emiSSion limits. [5. 285.65(3), Wis. Stats.] 

(8) Whenever fugitive dust emissions are observed form the 
processithe permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285.65(3), Wis. Stat5.] 

c. Test Methods, Recordkeeping j and Monitoring; 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5, including backhalf (Method 202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [so NR 439,06(1), Wis. Adm. Code} 

(2) The permittee shall keep and maintain on site technical drawings, 
blueprints or equivalent records of the physical stack parameters. [5 .. 
NR 439.04(1)(d), Wis. Adm. Code] 

(3) The permittee shall record the pressure drop across the fai:)rlc 
filter bagho.!Jse system every eighthours whenever the dust 
collection system lsin operation. [5. NR 439,055(2Xb)t., Wis,Adm. 
Code] 

(4) The permittee shaH keep records of aliinspecllons, checks and 
any maintenance or repairs performed·on the·fabric filterbaghouse 
system. containing the date of the action, initials ofinspector, and the 
results. [so NR 439.04(1 )(d); Wis. Adm. Code] . 

(5) Instrumentation to monitorthe pressure drop across the fabric 
filter baghouse system shall be installed and operated properly. [~. 
NR 439.055(1Xa), Wis. Adm. Code] 

25 If the comphance emission tests cannot be conducted within 180 days after the start of initial operation, the permit holder may 
request and the Department may approve. in writing. an extension of time to conduct the test(s). 

Page 74 



b. Compliance Demonstration: 

(1) The fabric filter baghollse system shall be in line and shall be 
operated at aUtHnesthatthe dust collection system is in operation. 
[so NR 406.10, Wis. Adm; Code,s. NR 407.09(4)(a)1., Wis. Adm. 
Code} 

(2) The pressure drop across the fabric flIterbaghouse system 
shall be maintair1ed withitrthe range identified by condition " 
I.M.1.b.(5). [so NR 407.09(4Xa)1., Wis. Adm. Code) 

, . 

(3) The proGess,shall be mOl1itoredin accordance with a Fugitive 
Dust Control Plan. The Department may request the permittee to 
review and amend the planifm~cessary to maintain emissions in 
compliance wlth:emission limits. [s; 285:65(3); Wis. Stats.] 

(4) Wt1enever fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [8. 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
compHanceemission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate methbd approved in 
writing by the Department, shall be used. [so NR439.06(9)(a)1 '. Wis, 
Adm. Code] 

(2) The pemiittee shall record the pressure drop across the fabric 
fHterbaghouse system every eight hours whenever the dust 
collection system is in operation. [so NR 439.055(2)(b)1., Wis. Adm. 
Code] 

(3) The permittee shali keep records of all inspections, checks and 
any maintenance or repairs performed on th.e fabric filter bag house 
system, containing the date of the action, initials of inspector, and the 
results. [so NR 439.04( 1)( d), Wis. Adm. Code] 

(4) Instrumentation to monitor the pressure drop across the fabric 
filter baghouse system shall be installed arid operated properly. [so 
NR439.055(1)(a). Wis. Adm, Code] 
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a. Limitations; 0.004 grains per dry standard cubic foot of exhaust ga$ and 5.531 pounds per hour. (BACT) [so NR 415.06(2Xc), Wis. 
Adm. Code, s. NR 405.08, Wis. Adm. Code. s. 285.65(3). Wis. Stats.] 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shall be, conducted within 180 
days after the start of operation of the process to show compliance 
with the emission limitation.26 [so NR 439.07, Wis. Adm. Code] 

(2) Stack Parameters These requirements are included because 
the source was reviewed with these stack parameters and it was 
determined that no increments or ambient Eilir quality standards will 
be violated when constructed as proposed, 

(a) The stack height shall be at least 60 f~et above ground 
level. Is, 285.65(3), Wis, Stats., s. NR 406.10, Wis. Adm. Code] 

(b) Tt)estack inside diameter at the outlet may not exceed 7.68 
feet.[s. 285.65(3), Wis. Stats., s, NR 406.10, Wis, Adm. Code] 

(3) Particulate matter emissions shall be cqntrolled using a fabric 
filterbagl1buse system to meetthe BACT I\mits. [so NR 405.08(2). 
Wis. Adrr'L Code] 

(4) The fabric filter baghouse system sha!lbe in line and shall be 
operated at allUmes when the process is in operation. [so NR 
406.10 and s. NR 407,09(4)(a)1" Wis. Adm. Code] 

(5) The operating pressure drop range across the fabric filter 
bag house system shall be determine during the initial testing 
period, [5. 285.65(3), Wis, Stats.] 

(6) The pressure drop across the fabric filter bagtlouse system 
shall be maintained within the range identified by condition 
1.8. 1.b.(5), [5. NR 407.09(4)(0)1., Wis, Adm. Code] 

c. Test Methods, Recordkeeping; and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5, including backhalf (Method 202) shall be L1sed to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [s. NR 439.06(1). Wis. Adm. Code} 

(2) The permittee shall keep anq maintain qn site technical drawings. 
blueprints or equivalent records of the physical stack parameters. [so 
NR 439.04(1 )(d), Wis. Adm. Code] 

(3) The permittee shall record the pressure dropacro$s the fabric 
filter bag house system every efght hours whenever the process is in 
operation. [8, NR 439.055(2Xb)1., Wis. Adm. Code] 

(4) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system. containing the date of the action, initials of inspector,and the 
results. [so NR 439.04(1 )(d), Wis. Adm. Code] 

(5) Instrumentation to monitor the pressure drop across the fabric 
filter baghoLlse system shall be installed and operated properly. {s; 
NR 439.055(1 )(a), Wis. Adm. Codel 

26 If ihe compliance emission tests cannot be conducted within 180 days after the start of initial operation, the permit holder may 
request and the Department may approve, in writing. an extension of time to conduct the testis). 
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............................... _----------------........ _ .... 

a. Limitations: 10% opacity [so NR 431 ,05, Wis. Adm. Code, s. NR 405,09, Wis. Adm. Code, s, NR 440A2(3)(c}, Wis, Adm. Code, s. 
285.65(3). Wil.;;Stats;,s. 285.65(7), Wis. Stats.] See Note 1 

b. Compliance Demonstration: 

(1) The fabric fiiter.baghouse sy~tem shall be In line and shall be 
operatedataHtimeswheQ.lhEiprocess is' in operation. [so NR 
406.10, Wis; Adm.Code,$.NR407.0Q(4Xa)1., Wis. Adm. Code1 

(2) The pressure drop across the fabric filter baghouse !i>ystem 
shall be maintained within the.rangeidentified by condition 
I.N.l.b.(5).{s. NR 407.09(4)(a)1., Wis. Adm. Code1 

c; Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible EUlissions: Whenever 
complianceell)iss!on testing is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used: [so NR 439.06(9)(a)1 .. Wis. 
Adm, Code] 

(2) The permittee shaH record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the process is in 
operation. [so NR 43R055(2)(b)1., Wis .. Adm. Code] 

(3) The permittee shaH keep records of all inspections. checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results. [so NR 439.04(1)(d), Wis. Adm. Code] 

(4) Instrumentation to monitor the pressure drop across the fabric 
filter bagholise system shall be installed and operated properly, [so 
NR439.055(1)(a), Wis. Adm, Code] 
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~taT~Tjtations: 0.024 pound per hour. (BACT) [so NR 415,06(2)(c), Wis. Adm. Code, s. NR 405,08, Wis, Adm. Code, s. 285.65(3), Wis. 

b;CompUance Demonstration: 

.(~')Jh~.8errnittee shall utilize a building to ~ntro! emissions from 
;c:oalsta~~~~t,.stor<lge and reclaim operations. a stackout conveyor 
- withtelesc:opic chute or travelling stacking conveyor with st,ort 
drop, and coal reclaim system with short chute drop and loading 
taQI~tornjr}imizeer}1issions and to meet the BACT limits. [so NR 
405.0~;\Njs.Adm. Code, s. NR 406.10, Wis. Adm. Code, s. NR 
415.04(1)(b), Wis. Adm, Code, s. 285.65(3), Wis. Stats.] 

(2)Tf)(}permitt~e shan develop and follow a Fugitive Dust Control 
PI(lq~()rthe~Ubj~(:tsite and operation. Any provisions of the plan 
th~ka~~ap~licable to the site are only applicable to the site while 
the plant is operated at the site. The Fugitive Dust Control Plan 
shall identify the specific measures to be taken, when needed and 
frequ,~ncyne~decjto maintain emissions in compliance with 
€fmi$.sip9Iirnits~ For example, specific dust control measures could 
include: watering all roads hourly and amount of water used, use of 
spray bars includrng amount and rate of water applied, or use of 
other~PRroveddus~ suppressants. The department may request 
the permittee to review and amend the plan if necessary to 
maintain emissionsincompliance with emission limits.[s. NR 
415,Q4(1)(b), Wis, Adm. Code] . 

(3) The permittee shall identify at least one Trained Person 
designatedJomonitor compliance, in accordance with this permit, 
with the Fugitive Dust Control Plan. [so 285.65(3), Wis. Stats,] 

(4)Thepermittee shall ensure that the Trained Person designated: 
(0) Has training to evaluate compliance with Wisconsin air 
quality regulations. or 
(b) Has obtained certification as a Method 9 opacity observer 
!nthe last 2 years, or 
(c) Has attended appropriate training in other states or has 
other reasonable qualifications for being a Trained Person and 
the permittee has received written approval from the 
Department that such a person quaHfies as a Trained Person 
for the purpose of this permit. 

[so 285,65(3), Wis. Stats.] 

(5) The permittee shall determine the hourly emissions using the 
hourly throughput and AP~42 emission factors, [so 285.65(3), Wis. 
Stats,] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) ReferenceTest Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, the appropriate 
US EPA Method 5 and Method 202 shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [so NR439.06(9)(a)1., Wis. Adm. Code] 

(2) The permittee, for each day of operation of the plant, shall ensure 
that a person at the site keeps records of specific measures taken for 
that day in accordancewiHl the Fugitive Dust Control Plan and signs 
and dates such records. [s. NR 415.04(1)(b), Wis. Adm. Code] 

(3) .These records shall be kept for a period of 5 years and be made 
aVailable to Department personnel upon request [5. NR 
415.04(1)(b), Wis, Adm. Code] 

(4) The Trained Person designated by conditionl.O.1.b,(3) sl1all sign 
and date the records required in 1.0.1.c;(2) of specific measures 
taken in accordance with a Fugitive Dust Control Plan for each day of 
operation of the plant. [5. 28S;65(3}, Wis. Stats,] 

(5) The permittee shall ensure that records of the Trained Person 
designated by condition 1.0.1 ,b,(4),s training or Method 9 certifi~tion 
or other training or qualifications are available at the plant at all times 
of operation. [so 285.65(3), Wis. Stats.] 
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................. _ .. __ .......... -._-------

a. limitations: 10% Qpacity. (Best Available Control Technology, BACT) [s, NR431.05, Wis, Adm. Code, s. NR 405,08(2), Wis. Adm, 
Code, s. NR440.42(3Xc), Wis. Adm. Code, s. 285.65(7), Wis. Stats.] See Note 1 

b. Complianc~ Deinonstration: c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference Test'Method for Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department. shall be used, [s. NR 439.06(9)(a)1., Wis. 
Adm. Code] . 

Note1:Whentraln~dstaffobserve visibleemi~sionsatthepmcess itself of 10% or more, or at the property fence line 
of 5%' or more; the trained staff will initiate actions to control fugitive emissions. 
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a~ Limitations: 0.377 pound per hour. (BACT) [s. NR 415.06(2)(c), Wis. Adm. Code, s. NR 405.08, Wis. Adm. Code, s. 285.65(3). Wis. 
Stats.J 

b. Compliance Demonstration: 

p)Thepermlttee shall utilize a building to control emissions from 
9YPsllmstackout; storage and reclaim operations, and a reversible 
shuttle oonveyortodjstributegypsumalong the pile crestwith short 
drop to minimize emissions and to minimize emissions and to meet 
the BACT limits. [so NR 405.08, Wis. Adm. Code, s. NR 406.10, 
Wis. Adm. Code, s. NR 415.04(1)(b), Wis. Adm. Code, s. 
285.65(3); Wis. Stats.] 

(2) The permittee shall develop and follow a Fugitive Dust Control 
Plan far the subject site and operation. Any provisions of the plan 
that are applicable to the site are only appUcable to the site while 
the plahtisoperated at the site. The Fugitive Dust Control Plan 
shall identify the specific measures to be taken, when needed and 
frequency needed.to maintain emissions in compliance with 
emission limits. For example, specific dust control measures could 
include: waterioga!! roads hourly and amount of water used, use of 
spray bars including amount and rate of water applied, or use of 
other approved dust suppressants. The departrnent may request 
the permittee to review and amend the plan if nocessary to 
maintain emissions in compliance with emission Bmits.[s. NR 
415.04(1)(b), Wis. Adm. Code] 

(3) The permittee shall identify at least one Trained Person 
designat€)dto monitor compliance, in accordance with this permit, 
with the Fugitive Dust Control Plan. [so 285.65{3), Wis. Slats.] 

(4) The permittee shall ensure that the Trained Person deSignated: 
(a) Has training to evaluate compliance with Wisconsin air 
quality regulations. or 
(b) Has obtained certification as a Method 9 opacity observer 
in the last 2 years, or 
(c) Has attended appropriate training in other states or has 
other reasonable qualifications for being a Trained Person and 
the permittee has received written approval from the 
Department that such a person qualifies as a Trained Person 
for the purpose of this permit. 

[so 285~65(3)i Wis. Stats.] 

(5) The permittee shall determine the hourly emissions using 
hourly throughput and AP-42 emission factors. [5.285.65(3), Wis. 
ShiltS·1 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, the appropriate 
US EPA Method 5 and Method 202 shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shaH be used. (s. NR 439.06(9)(a)1., Wis. Adm. Code] 

(2) The permittee, for each day of operation of the plant, shall ensure 
that a person at the site keeps records of specific measures taken for 
that day tn accordance wlth the Fugitive Dust Control Plan and signs 
and dates such records. [so NR 415,04(1)(b}, Wis. Adm. Code] 

(3) These records shall be kept for a period of 5 years and be made 
available to Department personnel upon request. [5, NR 
415.04(1)(b), Wis. Adm. Code] 

(4)The Trained Person designated by condition LP.1.b.(3) shall sign 
and date the records required in l.P.1 ,c.(2) of specific measures 
taken in accordance with a Fugitive Dust Control Plan for each day of 
operation of the plant. [5. 285.65(3), Wis. Stats.] 

(5) The permittee shall ensure that records of the Trained Person 
deSignated by condition I.P.1.b.(4)'straining or Method9 certification 
or other training or qualifications are available at the plant at all· times 
of operation. [so 285.65(3), Wis. Stats.] 
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..................... _ ...... _-------------

a. LimitatiOns:'10%OP?qitt (Best Avaiiablec;ontroITechnOlogy~ BACT) [so NR 431 ~05, Wis. Adm. Code, S. NR 405;08, Wis. Adni. Code, 
s. NR 440.42(3)(c).Wis;A<jm. Code, s. 285,65(7); Wis. Stats,] See Note 1 

b, Compliance; Defll()ns~ration: c. TestMethods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emission.§.;. WheneVer 
c()mpliance emission testfng is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department. shall be used or an alternate method 
approved in writing by the Department, shall be used, [so NR 
439.06(9)(a)t. Wis. Adm. Code] 

Note .1: Whell tra!nE3d staff observe. visibleelTIissions at the process itself of 10%, or more, or at the property felice line 
of SOia or more, the trained staff will initiate actions to control fugitive emissions. 
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a. Limitations: 0.240 pound per hour. (BACT) [s. NR 415.06(2)(c), Wis. Adm. Code, s. NR 405.08, Wis. Adm, Code, s. 285.65(3), Wis. 
Stats,] 

b. Compliance Demonstration: 

(1) The permittee shall utilize a building to control emissions from 
fuel ash stackout, storage. and reclaim operations, stackout drop 
from telescopic chute and reciaim fuel ash into hopper via front 
end loader to minimize emissions and to meet the BACT nmits. [so 
NR 405.08, Wis. Adm. Code. s. NR 406.10, Wis, Adm. Code, s. 
NR 415.04(1)(b). Wis. Adm. Code, s, 285.65(3), Wis. Stats·1 

(2) The permittee shall develop and follow a Fugitive Oust Control 
Plan for the subject site and operation, Any provisions of the plan 
that are applicable to the site are only applicable to the site while 
the plant is operated at the site. The Fugitive Oust Control Plan 
shall identify thespedfic measures to betaken, when needed and 
frequency needed to maintain emissions in compliance with 
emiSSion limits. For example, specific dust control measures could 
include: waterlng all roads hourly and amount of water used, use of 
spray bars including amount and rate of water applied, or use of 
other approved dust suppressants. The department may request 
the permittee to review and amend the plan if necessary to 
maintain emissions in compUance with emission limits.[s. NR 
415.04(1 )(b), WIs. Adm. Code} 

(3) The permitteeshall identify at least one Trained Person 
designated to monitor compliance, in accordance with this permit, 
with the Fugitive Dust Control Plan. {s, 285.65P), Wis. Stats.] 

(4) The pennittee shall ensure that the Trained Person designated: 
(a) Has training to evaluate compliance with Wisconsin air 
quality regulations, or 
(b) Has obtained certification as a Method 9 opacity observer 
in the last 2 years, or 
(c) Has attended appropriate training in other states or has 
other reasonable qualifications for being a Trained Person and 
the permittee has received written approval from the 
Department that such a person qualifies as a Trained Person 
for the purpose of this permit. 

[so 285.65(3). Wis, Stats,] 

(5) The permittee shall determine the hourly emissions using 
throughput and AP-42 emission factors. [s. 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, the appropriate 
US EPA Method 5 and Method 202 shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [so NR 439.06(9)(a)1., Wis. Adm, Code) 

(2) The permittee, for each day of operation of the plant, shall ensure 
that a person at the site keeps records of specific measures taken for 
that day in accordance with the Fugitive Dust Control Plan and signs 
and dates such records, [so NR 415,04(1)(b), Wis. Adm. Code] 

(3) These records shall be kept for a period of 5 years and be made 
available to Department personnel upon request. (s. NR 
415.04(,1)(b). Wis. Adm. Code1 

(4) The Trained Person designated by condition LQ; 1.b.(3) shall sign 
and date the records required in I.Q.1.c.(2) of specific measures 
taken in accordance with a Fugitive Dust Control Plan for each day of 
operation of the plant [s. 285.65(3), Wis, Stats.] 

(5) The permittee shaH ensure that records of the Trained Person 
designated by condition I.Q.1.b:(4) training or Method 9 certification 
or other training or qualifications are available at the plant at all times 
of operation. [so 285.65(3), Wis. StatsJ 
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a. LimitatIOlu;:10%opacity, (BestAvaliable Control Technology, BACT) [5. NR 431,05, Wis. Adm, Code, s. NR 405.08(2), Wis. Adm, 
Code, s; NR44Q.42(3)(c), Wis. Adm. Code, s. 285.65(7), Wis, Stats.] See Note 1 

b. Compliance Demonstration: c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used. [s. NR439.06(9)(a)1 .. Wis. 
Adm. Code] 

Note 1.: When trained staff observe visible emissions at the process itself of 10% or more, or at the property fence line 
of SOlo or more, the trainedstaTfwill initlateactlons to control fugitive emissions. 

I 
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a. Limitations: 0.004 grains per dry standard cubic foot of exhaust gas and Q,350pound per hour, (BACT) [so NR 415.06(2), Wis. Adm, 
Code;s. NR 405.08. Wis, Adm. Code. s. 285.65(3), Wis. Stats,] 

b. Compliance Demonstration: 

(1)lr!tialC9rl1pli~nc~emission tests shall be conducted vvithin 90 
after tbestart ofoper<)tion of the process to show compliance with 
the emission Iimitation.27[s, NR 439.07. Wis. Adm, Code] 

(2) Stack Parameters These requirements are included because 
the sourc;ewas .reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed, 

(a) The stack height shall be at least 40 feet above ground 
level. [so 285.65(3), Wis. Stats" s. NR 406.10. Wis. Adm. Code] 

(q) The stack inside diameter at the outlet may not exceed 0.9 
feet. [5.285.65(3), Wis. Stats., s. NR 406.10, Wis. Adm. Code] 

(3) Particulate matter emissions shall be controlled using a fabric 
filterbaghouse system. [ s. NR 405.08(2), Wis. Adm. Code] 

(4) The fabric filter baghouse system shall be in line and shall be 
operated at all times when the process is in operation to meet the 
BACT limits, [s~ NR 406.10, Wis. Adm, Code, s. NR 
407.09(4)(a)1., Wis. Adm, Code] 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determined during the initia! testing 
period, [5. 285.65(3), Wis, Stats.] 

(6) The pressure drop across the fabric filter bag house system 
shall be maintained within the range identified by condition 
LR1,b.(5). [s. NR 407'c)9(4Xa)1" Wis. Adm. Code] 

(7) (a)The fly ash storage facility shall receive fly ash either by bu!k 
tanker truck or fuHy enclosed pneumatically conveyors, (b) The 
bulk truck loading be done in a fully enclosed structure. [5. 
285.65(3), Wis. Stats.] This condition is established to ensure no 
fugitivedust is generated by the fly ash storage facility's operation. 

Also based on this condition no emissions are expected from the 
equipment used to transfer material to and from the fly ash storage 
facility. [So 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever cornpliance emission testing is required, US EPA Method 
5, including backhalf (Method 202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used, [so NR439.06(1), Wis. Adm. Code] 

(2) The permittee shall keep and maintain on site technical drawings. 
blueprints or equivalent records. of the physical stack parameters. (so 
NR 439.04(1)(d). Wis. Adm. Code] 

(3) The permittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the process is in 
operation. [s. NR 439.055(2)(b)1., Wls, Adm. Code] 

(4) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results. [s, NR439.04(1 )(d), Wis, Adm. Code] 

(5) Instrumentation to monitor the pressure drop across the fabric 
filter baghouse system shaH be installed and operated properly. [so 
NR 439.055('1 )(a). Wis. Adm. Code] 

27 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation. the permit holder may 
request and the Department may approve. in writing. an extension of time to conduct the les!(s), 
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a. Limitations:;10% opacity. [so NR 431-,05, Wis, Adm. Code, s. NR 405,09, Wis. Adm. Code, s. 285.65(3), Wis. Stats.,. s. 285.65(7). Wis. 
Stats,] 

b. ComplianceiDemonstration: 

(1) The fabricfilterbagho~lSesystemshal! be in linannd shall be 
operated at all times When the process is in operation. [s~ NR 
406.10, Wis. Adm~ .Code;s,NR407.09(4)(a)1,!WiS, Adm, Code] 

(2) The pressure dropacroMthe fabric filter baghouse system 
shaH be maintained within the range identified by condition 
I.R 1.b,(5); [s, NR40T09(4)(a)1., Wis. Adm. Code] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method 9 shall be 
used to demonstr(3te cbmpliance or an alternate method approved in 
writing by the Depanl'nent, shall be used. [so NR 439.06(9)(a)1" Wis. 
Adm. Code] 

(2) The permittee shaH record the pressure drop across the fabrk 
filter baghouse system every eight hours whenever the process is in 
operation. [so NR 439,055(2)(b)1., Wis. Adm. Code] 

(3) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabrjcfilter baghouse 
system, containing the date of the action, initials of inspector, and the 
results. [s, NR439,04(1)(d), Wis. Adm. Code] 

(4)lnstrurnentation to monitor the pressure drop across the fabric 
filter baghouse system shall be installed and.operated p(operly~ [so 
NR 439.055(1)(a), Wis. Adm. Code] 

Page 85 



a; t.imilaUons: 0;005 grains per dry standard cubic fool of exhaust gas and 0.504 pound per hour. (BACT) [s, NR 415.06(2)( c), Wis. Adm; 
Code, s. NR 405.08, Wis. Adm. Code. s, 285,65(3), Wis, Stats.J 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted "v\thin 180 
days after the start of operation of the process to show compHance 
with the emission Iimitation,28 [so NR 439.07, Wis. Adm. Code] 

(2) Stack Parameters These requirements are included because 
the source was reviewed with these slack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(a) The stack height shall be at least 35 feet above ground 
leveL [5; 285.65(3), Wis. Stats., s. NR 406.10, Wis. Adm. Code] 

(b)Thestack inside diameter at the outlet may not exceed 2.1 
feet [8.285.65(3), Wis. Stats., s. NR 406.10. Wis. Adm. Code} 

(3rf>?~i~u!~tematter emissions shall be controlled using a fabriC 
fllterpagl10usefHter system to meel the BACT limit. [so NR 
405,08(2), Wis. Adm. Code] 

(4)The fabric filtefbaghouse system shall be in line and shall be 
operated at all times that the dust collection system is in operation. 
[so NR 406.10, Wis. Adm. Code, s. NR 407,Q9(4Xa)1., Wis. Adm. 

Code} 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determine during the initial testing 
period. (s. 285.65(3), Wis. Stats.] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
i.S.1.b.(S). [5. NR 407,09(4Xa)1., Wis. Adm. Code) 

(7) The process shall be monitored in accordance with a Fugitive 
Dust Control Plan. The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits. [5. 285.65(3), Wis. Stats.] 

(8) Whenever fugitive dust emissions are observed form the 
process, the pemlittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission· testing is required, US EPA Method 
5, including backhalf (Method 202) shaH be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department,shall be used. [so NR 439.06(1), Wis. Adm. Code] 

(2) The permittee shall keep and maintain on sitetechnicai drawings, 
blueprints or equivalent records of the physica! stack parameters. [s. 
NR 439.04( 1)( d), Wis. Adm. Code] 

(3) The permittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
collection system is in operation. [s. NR 439.055(2)(b)1., Wis. Adm. 
Code] 

(4) The permittee shall keep records of all inspections, Checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, initials of in spector, and the 
results. [so NR 439.04( 1}( d}, Wis, Adm. Code] 

(5) Instrumentation to monitor the pressure drop across the fabric 
filter baghouse system shall be installed and operated properly; [so 
NR 439,055(1Xa), Wis. Adm. Code] 

28 If the compHance emission tests cannot be conducted within '180 days after the start of initial operation, the permit holder may 
request and the Department may approve, in writing. an extension of time to conduct the test(s). 
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a. Limitation$: 10% opacity [so NR 431.05, Wis. Adm. Code, s. NR 405,09, Wis. Adm, Code, s. 285.65(3), Wis.Stats., s. 285.65(7), Wis. 
Stats.} 

b. Complian~eOemonstratjon: 

(1) The fabric fi.lterbaghousesystem shall be in line arid shall be 
operated at all tHnes that the dust coilection system is in operation. 
[5. NR406JO. Wis; Adm. Code, s. NR 407.09(4)(a)1., Wis. Adm. 
Code] 

(2) The compliance method in LS.1.b. shall be used to 
demonstrate compliance with the visible emission limits. [so NR 
407.09(4)(a)1.,Wis. Adm. Code, s. 285.65(3), Wis. Stats.] 

(3) The process shall be monitored in accordance with a Fugitive 
Dust Control Plar" The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission lirnits, [so 285.65(3), Wis. Stats.] 

( 4) Whenever fugit!ve dust ~missions are observed form the 
process, the permittee shall take corrective actions to. prevent 
fugitive dust from beccHi,ing airborne. [5.285.65(3), Wis .. Stats.] 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
cohlpliance emission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate meth.od approved in 
writing by the Department, shall be used. [so NR 439.06(9)(a)1 .. Wi$. 
Adm. Code] 

(2) The permittee shall record the pressure drop across the fabric 
filter bag house system every eight hours whenever the dust 
collection systenl is in operation. [so NR 439.055(2}(b)1 .• Wis. Adm. 
Code) . 

(3) The permittee shall keep records of aU inspections, checkS arid 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action. initials of inspector, and the 
results .. [s. NR 439.04(1)(d), Wis. Adm. Code] 

(4) Instrumentation to monitor the pressure drop across the fabric 
filter baghouse system shall be Installed and operated properly. [so 
NR 439,055(1 )(a), Wis, Adm. Code] 
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a, Limitations: 0.005 grains per dry standard cubic foot of exhaust gas and 0,450 pound per hour. (BACT) [s, NR 4·15.06(2)(c), Wis. Adm. 
Code, s, NR 405.08, Wis. Adm. Code, s. 285.65(3), Wis. Stats.} 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
days afierthe start of operation of the process to show compliance 
with the emission Iimitation29 [s, NR 439.07, Wis. Adm. Code] 

(2) Stack Parameters These requirements are included because 
the source was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(a) The stack height shaH be at least 35 feet above ground 
level. [so 285.65(3), Wis. Stats., s. NR 406.10, Wis. Adm. Code} 

(b) The stack inside diameter at the outlet may not exceed 1.96 
feet. {s.285.65(3), Wis. Stats., s. NR406J0, Wis. Adm. Code] 

(3) ~~rticulate matter emissions shall be controlled using a fabric 
filtertjaghousesystem to meet the BA~T limits. [s, NR 405.08(2), 
Wis.Adm~ Code] 

(4) TheJabric filter baghousesystem shall be in line and shall be 
operated at all times that the dust collection system is in operation. 
[s; NR 406.10, Wis. Adm. Code, s. NR 407.09(4)(a)1 .. Wis. Adm. 

Code] 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determine during the initial testing 
period. (5. 285.65(3). Wis. Stats.} 

(6) The pressure drop across the fabric filter baghollse system 
shall be maintained I,vithin the range identified by condition 
LT.1.b.(5). [so NR 407.09(4)(8)1., Wis. Adm. Code] 

(7) The process shall be monitored in accordance INith a Fugitive 
Dust Control Plan, The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits, [so 285.65{3), Wis. Stats.1 

(8) Whenever fugitive dust emissions are observed form the 
process. the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne, [so 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5, including backhalf (Method 202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. (5. NR 439.06(1), Wis: Adm. Code] 

(2) The permittee shall keep and maintain on site technical drawings. 
blueprints or equivalent records ofthe physical stack parameters. [so 
NR 439,04(1)(d), Wis, Adm. Code] 

(3) The permittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
collection system is in operation, [5. NR 439,055(2)(b)1., Wis. Adm. 
Code] 

(4) The permittee shall keep records of all inspections, checks alid 
any maintenance or repairs performed on~he fabric filter baghoLise 
system, containing the date of the action, initials ofinspector, and the 
results. [so NR 439.04(1 )(d), WIS. Adm. Code] 

(5) Instrumentation to monitor the pressure drop across the·fabric 
filter baghouse system shall be installed and operated properly, [so 
NR 439.055(1)(a), Wis. Adm. Code] 

291( the compliance emiSSion tests cannot be conducted within 180 days alter the start of initial operation, the permit hoider may 
request 8mj the Department may approve, in writing, an extensfon 01 tlrne to conduct the test(s), 
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a. Limitations: 10% opacity [8, NR 431,05, Wis. Adm, Code,s. NR 405,09, Wis. Adm. Cod~, s. 285,65(3}. Wis. Stats., S. 285.65(7).Wis, 
Stats.] 

b.Complianc~ Oemonstration: 

(1) The fabticfil!er b$9ryO.lJsesy~temsha!l be.in line andshCiH pe 
operated at all times tryst the dust collection system is in oper?ltion. 
[s, NR 406:10; Wis. Adm .. Code,s,NR407.09(4)(s)1.; Wis. Adm. 
Code] 

(2) The comp!i9rlCeT~th9djp LT~l.b,shali belJsedto 
demonstrateco:mp!iaf'l.ce.VJithtre~isibleernis~ion limits, [s~. NR 
407.09(4)(a)1 .•. :Wls. Adm~ Code(s. 285.65(3), Wis. Stats,} 

(3) The process ~hall be l1]0nitored in accordance with a Fugitive 
Dust Control Plan, The Department may request the permittee to 
review and amend. the plc:uli'rlece~sClry 10 maintain emis$ions In 
compiiance wlthemission.lirnit$.. [s.?85.65(3). Wis. Stats,] 

(4) Whenever fugitive9us~ ef8i~~ions are observed form the 
process, thepermittee srall takec9rrectiveactions to prevent 
fugitive dust from becoming airborne; is. 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
compliance emfssiqn testing is required, US EPA Method 9 shaH be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used, [so NR 439,06(9)(a)1 ..• Wis. 
Adm. Code] . 

(2) The permittee shall recorci the pressure drop across the fabric 
filter bag house system every eight hours whenever the dust 
cOllection system is in operation. [s, NR 439.055(2)(b}1., Wis. Adm, 
Code] 

(3) The permittee shaH keep records of al!ihspections, checks and 
any maintenance or repairs performed· on the. fabric. filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results. is. NR439.04(1 Xd). Wis. Adm. Code] 

(4) Instrumentation to monitor the pressure drop across thefabrit: 
filter baghouse system shall be installed and operated properly. (s. 
NR 439.055(1)(a), Wis. Adm, Code] 
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a. limitations: 0.02 grains per dry standard cubic foot of exhaust gas and 0.369 pound per hour. (BACT) [5. NR 415.06(2)(c), Wis. Adm. 
Code, s, NR 405,08,Wis, Adm, Code; s, 285.65(3), Wis. Stahl.] 

b. Compliance Demonstration: 

(1) The permittee shall determine the hourly emissions using 
operating parameters and OEM emission factors, [so 285.65(3), 
Wis. Stats,] 

(2)Stack Parameters These requirements are included bec .. 9use 
tp~sl:)~rce was'reviewed with these stack parameters and it was 
~et~r[Oified that no increments or ambient air quality standards will 
bf:} violated when constructed as proposed, 

(a) The stack height shaH be at least 30 feet above ground 
leve,L [5, 285.65(3), Wis. Slats., s, NR 406.10, Wis. Adm. Code] 

(b}Th~stack inside diameter at the outlet may not exceed 1.0 
feet. [So 285.65(3). Wis. Stats., s. NR 406,10, WIs. Adm, COde} 

(3) Particulate matter emissions shall be controlled using a filter 
separator system to meet BACT limits. [so NR 405.08(2), Wis. 
Adm, Code] 

(4) The filter separator system shall be in line and shaH be 
operated at all times when the pro('.es$ is in operation. [5, NR 
406.10, Wis, Adm. Code, s, NR 407,09(4)(a)1 .. Wis, Adm. Code] 

(5} The permittee shall develop and follow a Malfunction, 
Prevention and Abatement Plan for the filter separator system. 
The plan shall identify the specific measures that will be taken, 
'when needed and frequency needed to maintain emissions in 
compliance with emission limits, For example, specific measures 
could Indude: filter inspection schedule, filter replacement criteria, 

. etc. The Department may request the permittee to review and 
amend the plan'jf necessary to maintain emissions in compliance 
with emission limits. [5. NR 415,04(1)(b}, Wis. Adm, Code. s. 
285;65(3), Wis, Slats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenevercornpllahceemission testing is required, US EPA Method 
5, induding backhalf (Method 202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department. shaH be used. [5. NR 439.06( 1), Wis, Adm. Code] 

(2) The permittee shall keep and maintain on site technical drawings. 
blueprints or eqUivalent records of the physical stack and file 
separator system parameters. [5. NR 439.04(1 )(d), Wis. Adm. Code] 

(3) The. permittee s,h~11 keep records of all inspections, checks.an~ 
any maintenance or repairs performed on the filter separato'r system, 
containing the date of the action, initials of inspector, and the results; 
[so NR 439.04(1)(d), Wis, Adm. Code] 
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a; Limitations: 10% opacity. [so NR431.05, Wis. Adm. Code, s. NR 405,09, Wis. Adm. Code,s. 285.65(3), Wis. Slats., s. 285.65(7), \/Vis. 
Stats.] , . 

b. CompJ~ance'D.em~l1str"tion,: 

(1). TheJiltersaparat()r:;)'stelTl.shali be in iine and Shall be, 
operated at all times when the process is in operation. (s. NR 
406.10, Wis. Adm. Code,s. NR407.09(4)(a)1., Wis. Adm; Code] 

(2) The colT'lpli~nce methodinl .. U, 1.b, shall be us.ed to 
demonstrate;corppljancewith the visible emission limits, [so NR 
407.09(4)(a)1" Wis, Adm. Code,s;265.65{3),. Wis.Stats.] 

c. Test Methods, Recordkeeping; and Monitoring: 

(1) Reference Test Methodior Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method 9 shall be 
used to demonstrate compliance or an alternate method approved in 
VvTiting by th~ Department, shall be used. [5. NR. 439.06(9)(a)1., Wis. 
Adm. Code] . 

(2) The permittee shan keep records of all inspections. checks and 
any maintenance or repairs performed on the filter separator system, 
containing the date of the action, initials of inspector, and the results, 
[s~ NR 439.04{ 1 )(d), Wis. Adm. Code] 
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ail:-I~itations: 0.004 grains per dry standard cubic foot of exhaust gas and 1.80 pounds per hour, (BACT) [so NR 415.06(2)(c). Wis. Adm. 
Code,s. NR 405.08, Wis, Adm. Code; s, 285.65(3), Wis. Stats] 

b. Compliance Demonstration: 

(1) Initia! compliance emission tests shall be conduc.1ed within 180 
days after the start of operation onhe process to show compliance 
with the emission limitation 30 [so NR439.07, Wis. Adm, Code] 

(2) Stack Parameters These requirements are included because 
the source Was reviewed with these stack parameters·and ~t was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(a) The stack heightshalibe at least 75 feet above ground 
level. [s; 285.65(3), Wis. Stats.,s. NR 406.10; Wis. Adm. Code] 

(b) The stack inside diameter at the outlet may not exceed 4,4 
feet. [so 285.65(3), Wis. Stats., s. NR 406.10, Wis, Adm. Code] 

(3) Particulate matter emissions shall becontroHed lIsing a fabric 
filter baghouse system to meet the BACT limits, [s, NR 405,08(2). 
Wis. Adm, Code] , 

(4) The fabric filter baghouse system shall be in line and shall be 
operated at all times that the dust collection system is in operation. 
[5. NR 406.10, Wis. Adm, Code, s. NR 407.09(4)(a)1., Wis, Adm. 

Code] 

(5) The operating pressure drop range across the fabric filter 
bag house system shall bo determine during the initial testing 
period. [so 285,65(3), Wis. Stats.] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
I.V.1,b.(5). [so NR 407.09(4)(a)1., WiS. Adm, Code] 

(7) The process shall be monitored in accordance with a Fugitive 
Dust Control Plan. The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits. [so 285.65(3). Wis. Stats.] 

(8) Whenever fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne, [so 285.65(3). Wis. Stats.] 

_ .• ,.-_._-_ .....• ,---------

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter EmiSSions: 
Whenever compliance emission testing is required, US EPA Method 
5. including backhalf (Method '202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [so NR 439.06(1), Wis. Adm. Code] 

(2) The permittee shall keeP and maintain on site technical drawings, 
biueprlnts or equivalent records of the physical stack parameters; [5. 
NR 439.04(1)(d), Wis. Adm. Code] 

(3) The permittee shall record the pressure drop across the fabric 
filter baghouse system every eight hours whenever the dust 
collection system is in operation~ [5. NR 439.055(2)(b)1., Wis. Adrh. 
Code] 

(4) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs periormed on the fabric filter baghou~e 
system,containing the date of the action, initials of inspector, and the 
results. [so NR 439.04(1)(d). Wis. Adm. Code] 

(5) !nstr!Jmentation to monitor the pressure drop across the fabriC 
filter baghouse system shall be installed and operated properly. (5. 
NR 439.055(1 )(a), Wis, Adm. Code] 

30 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation, the permit holder may 
request and the Oepartmer)t may approve. in writing. an extension of time to conduct the test(s). 

Page 92 



a. Umitatiol1s:10% opadty [so NR431.05, Wis. Adm. Code, s. NR 405.09, Wis. Adm. Code, s. 285.65(3), Wis. Slats., s. 285.65(7), Wis. 
Stats.] 

b. Complianc~Oef1'l0rn)tration: 

(1) The fabricf1lterb~g.hOll$esystem shall be. in line and shall be 
operated at alltim~sthatJhe dust cbllection system is!n operation. 
[so NR406; 10, Wls~ Adm;Code;s. NR 407.09(4}(a)1., Wis. Adm. 
Code] 

(2) The complla,nce method in I.V, 1.b. shan be used to 
demonstratecomplial1ce~it~th~visible emission limits; [5, NR 
407.09(4)(a)1., Wis. Adm. Cqde, s. 285.65(3). Wis. Stats.] 

(3) The process shall bemonitbredin accordance with a Fugitive 
Dust Control Plan. The Department may request the permittee to 
reviewand am~nd thepl~n ifnec?ssary to maintain emissions in 
compliancewlth emission limits.[s. 285.65(3), Wis. Stats.] 

( 4)· Whenever. fugitive d~!st emissions are obselVed form the 
process, the· perrnlttee shall. taKe corrective. actions, to prevent 
fugitive dust from becoming airborne. [so 285.65(3), Wis. Stats,] 

c. Test Methods, Recordkeeping, and· Monitoring: 

(1 ) Reference Test Methddfor Visible Emissions: Whenever 
compliance emission lestingis required,US EPA Method!J shall be 
used to demonstrate compliance or an alternate method approved in 
iNriting by the Department, shall be used. [so NR 439.06(9)(a)1., Wis. 
Adm. Code] 

(2) The perrnitteeshal! record the pressure drop across the fabric 
filter baghouse system every erght hours whenever the dust 
collection system is in operation. [so NR 439.055(2)(b)1., Wis. Adm. 
Code] 

(3) The pennitlee shall keep records of aI/ inspections, checks and 
any maintenance or repairs performed on the fabric filter baghouse 
system, containing the date of the action, iqitials of inspeCtor, and the 
results. [5. NR 439;04(1)(d),' Wis. Adm. COde} 

(4) Instrumentation to monitor the pressuredrop.across the fabric 
filter baghouse system shaH be installed and operated properly. (s. 
NR 439.055(1 )(a), Wis. Adm. Code] 
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a,. Limitations: 0,004 grains per dry standard cubic foot of exhaust gas and 0.171 pound perhour. (BACT) {so NR 415.06(2)(c); Wis, Adm, 
Code; s. NR 405.08, Wis. Adm. Code, s, NR 440.688(3), Wis. Adm. Code, s. 285.65(3), Wis. StatsJ See Note 1 

b. Compliance D.emonstration: 

(1) The permittee shaH determine hourly emissions using operating 
parameters and OEM emission factors. [so 285.65(3), Wis. Stats,] 

(2) Stack Parameters These requirements are included because 
the source was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(a) The stack height shall be at least 25 feet above ground 
level. [so 285.65(3), Wis. Stats., s. NR406.10, Wis. Adm. Code] 

(Ib) The stack inside diameter at the outlet may not exceed 1 A 
feeL(s. 285.65(3), Wis. Stats., 5, NR406.10, Wis. Adm. COde] 

(3) (a) Particulate matter emissions shall be controlled using a bin 
vent filter system to meet the BACT limits. (b) The limestone 
loading table will be connected to the limestone unloader and will 
travel along the dock conveyor. [5. NR 405,08(2), Wis, Adm. Code] 

(4) The bin vent filter system shall be in line and shall be operated 
at. all Un'les V\'~eflth~process is in operation, [so NR 406,10. Wis, 
Adrn, Code, S. NR 407,09(4)(a)1., Wis. Adm. Code] 

(5) The operating pressure drop range across the bin vent filter 
system shall be determined during the initial testing period, [5. 
285~65(3); Wis, Stats.] 

(6) The pressure drop across the bin vent filter system shaH be 
maintained within the range identified by condition LW.1 ,b.(5). [s, 
NR 40T09(4)(a)1 .. Wis. Adm. Code] 

(7) Initial compliance emission tests shall be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission limitation. [so NR 440.688(6)(b), Wis. Adm. Code, 
s. 285.65(3), Wis, Stats,] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5, including backhalf (Method 202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [5. NR 440.688(6)9b), Wis. Adm. Code, 
s. NR 439.06(1 ),Wis. Adm. Code] 

(2) The perrnitteeshallkeep anc! maintairi on site technical drawings, 
blueprints or equivalent records of the physical stack and bin vent 
filter parameters. [5. NR 439.04(1 )(d), Wis. Adm. Code] 

(3) The permittee shalf r~(",()rd the pressure drop across the hin vent 
filter system every eight hollrs Whenever the process is in operation. 
[so NR 439.055(2)(b}1.; Wis. Adm, Code] 

(4) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the bin vent filter syst~m, 
containin'g the date of the action, initials of inspector, and the results. 

[so NR 439.04(1)(d), Wis. Adm, Code1 

(5) Instrumentation to monitor the· pressure drop across the bin vent 
filter system shall be installed and operated properly. [so NR 
439.055(1)(a), Wis. Adm. Code} 

Note 1: The limestone loading table operation is subject to New Source Performance Standards (NSPS) for 
particulate matter under s. NR 440.688(3). Wis. Adm, Code and the limit is 0,022 gr/acf. The BACT limit for 
particulate matter is more restrictive than particulate matter emission limit under NSPS, thus the limestone loading 
table operation is expected to meet the particulate matter emission limit under NSPS, 
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a. Limitations: 7% opacity [s, NR 431,05; Wis. Adm. Code, s; NR 405.09. Wis. Adm. Code.s. NR 440.688(3)(a). Wis. Adm. Code, s. 
285.65(3), Wis.Stats., s. 285~65(7), Wig.Stats.] SeeNote 1 .. 

b,Compliance Demonstration: 

(1) The. bin venl filter systern shall be in line and shall be operated 
at all times whentheproc,essjsin operation, .[5. NR 406.10; Wis~ 
Adm. Code; s.· N~ 4Q7,09(4)(a)t.,. Wis. Adm. Code] 

(2) The pressur~ drop. (l1c[oss the bin vent filter systemst1all be 
mail)tained within ~he rangejqentified by condition LW.1 ib.(5). (s. 
NR 407.09(4Xa)1., Wis. Adm. Gode] . 

(3) The permittee shall deterl]ine compliance with the visible 
emission limits using EPA approvedMethod 9. [s., NR 
440.688(6)(b)2.~ Wis. Adm. Code, s. 285.65(3). Wis. Stats.] 

c. Test Methods, Recordkeeplng, and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
compliance emission testing is required, US EPA Method 9 shall be 
lIsed to demonstrate compliance or an altemate method approved in 
writing by the Department, shall be used. [5. NR 439.06(9)(a}1., Wis. 
Adm. Code] 

(2) The permittee shall record the pressure drop across the bin vent 
filter system every eight hoUrs whenever the process is in operation. 
[5. NR 439.055(2)(b)1 .• Wis .. Adm. Code] 

(3) The pennittee shall keep records of all inspections, checks and 
any maintenance or repairs perlormed on the bin vent filter system, 
containing the date of the action, initials of inspector,and the re$ults. 
[s. NR 439,04(1 )(d), Wis. Adm. Code] 

(4) Instrumentation to monitor the, pressure drop across the bin vent 
filter system shall be installed and operated properly. [so NR 
439:055(1)(a); Wis. Adm. Code] 

(5) The permittee shall submit written reports of the results of all 
performance test conducted. to demonstrate compliance with the 
visible emission limits in !.W.2.a~ including reports of opacity 
observations made using EPA Method 9. [5. 285J~5(3), Wis. Stats.] 

Note 1: The proposed operation is subject to New Source Perforrnallce Standards (NSPS) under s. NR 440;688(3), 
Wis. Adm. Code and the limit is 7% opacity. 
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a. Ul11itatiolls: 0.004 grains per dry standard cubic foot of exhaust gas and 2.197 pounds per hour. (BACT) [so NR 415.06(2Xc). Wise 
Adm. Code, s. NR 405,08, Wis. Adm. Code, s. 285.65(3), Wis. Slats.] 

b. Compliance Demonstration: 

(1 ) Initial compHance emission tests shall be conducted within 180 
days after the start of operation ofthe process to show compliance 
with the emission Hmitation.31 [so NR 439.07, Wis. Adm. Code] 

(2) Stack Parameters These requirements are included because 
the sourCe was reviewed with these stack par'ameters and it was 

. determined that no increments or ambient air quality standards will 
be Violated when constructed as proposed. 

(a) The stack height for S 178 shall be at least 80taet above 
ground level and the stack height for 8179 shall be at least 

60.0 feet above ground level. [5.285.65(3), Wis. Stats., s. NR 
406.10, Wis. Adm. Code] 

(b) Thestack inside diameter at the ouUet for S178 may not 
exceed 3.7 feet and the stack inside diameter at the outlet for 
S179 may not exceed 3.2 feet [5.285,65(3), Wis. Stats., s. NR 
406.10, Wis. Adm. Code] 

(3)(a)The transtertower #1 will be completely enclosed structure, 
(b) Particulate matter emissions shall be controlled using a fabric 
filter baghouse system. [so NR 405~08(2), Wis. Adm. Code] 

(4) The fabric filter baghouse system shall be in line and shall be 
operated at all times that the dust collection system is in operation. 
[5. NR 406.10, Wis. Adm. Code,s. NR 407.09(4)(a)1., Wis, Adm. 

Code] 

(5) The operating pressure drop range across the fabric filter 
baghouse system shall be determine during tho initial testing 
period.ls. 285.65(3). Wis, Slats.] 

(6) The pressure drop across the fabric filter baghouse system 
shall be maintained within the range identified by condition 
1.X,1.b.(5). [s. NR 407.09(4}(a)1., Wis. Adm, Code] 

(7) The process shall be monitored in accordance with a Fugitive 
Dust Control Plan, The Department may request the permittee to 
review and amend the plan if necessary to maintain emissions in 
compliance with emission limits, [s, 285.65(3), Wis. Stats.] 

(8) Whenever fugitive dust emissions are observed form the 
process, the permittee shall take corrective actions to prevent 
fugitive dust from becoming airborne. [so 285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

('1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5, including backhalf (Method 202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [so NR 439.06( 1), Wis. Adm. Code] 

(2) The permittee shall keep and maintain on site technical dravvings, 
blueprints or equivalent records of the physical stackparamelerS. (s. 
NR 439,04(1)(d), Wis. Adm, Code] 

(3) The permittee shall record tile pressure drop across the fabric 
filter baghollse system every eight hours whenever the dust 
coHection system is in operation. [so NR 439.055(2)(b)1., Wis. Adm, 
Code] 

(4) The permittee shall keep records of all inspections, checks and 
any maintenance or repairs performed on the fabric filter bagholjse 
system, containing the date of the action, initials of inspector. and the 
results. [s, NR439.04(1)(d). Wis. Adm. Code] 

(5) Instrumentation to monitor the pressure drop across the fabric 
filter baghouse system shall be Installed and operated properly. [3. 
NR 439.055{1 )(a), Wis. Adm. Code] 

3 1 If the compliance emission tests cannot be conducted wit/lin 180 days after the start of initial operation, the permit holder may 
request and the Department may approve, in writing, an extension ollirne to conduct thetest(s). 
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a; Limitations:tO% opacity [so NR 431.05, Wis. Adm; Code,s. N~ 40S.09, Wis. Adm. Code, s. NR 440A2(3)(c), Wis. Adm. Code, s. 
285.65(3), Wis.Stats., s. 285,65(7), Wis.Stats.j See Note '1 

b.ComplianceOemonstration: 

(1) The fabrjcfilter bag!1quse system shall beihline and shall be 
operated at altHmesthat'thedust,coliection system ,is in,operatio'h, 
[so NR 406.10,Wis;Adm:Code, s.NR 407.09(4)(a)1., Wis; Adm, 
Code] 

(2) The pressure drop across the fabric filter baghouse system 
shall be maintained within the rangeldentified by condition 
I.X.1.b.(5), [5. NR 40T09(4)(a)1., Wis. Adm: Code] 

r 

(3) The process shall be monitored in accordance with a'Fugitive 
Dust Control Plan. Th€l Department may request the permittee to 
review and amend the plan If necessary to maintain emissIons in 
compliance with emission limits-[s. 285_65(3). Wis. Stats.] 

(4) Whenever fugitive dust emissions areobserV,ed form the 
process, the permittee shan take corrective actions to prevent 
fugitive dust from becoming airborne. [5.285.65(3), Wis. Stats,] 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference Test Method forVisible Emissions: Whenever 
compliance emission testing IS required. US EPA Method 9 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used, [so NR 439.06(9)(a)1., Wis. 
Adm. 'Code] 

(2) The permittee shall record the pressure 'drop across the fabric 
filter baghouse system every eight hours whenever' the dust 
collection system is in operation. [so NR 43,9.055(2)(b)1., Wis. Adm. 
Code] 

(3) The permittee shall keep records of all inspections, checks and 
any, maintenance or repaks performed on the fabric filter baghouse 
system, containing the date of the action, initials of inspector, and the 
results: [so NR 439_04(1 )(d), Wis. Adm. Code] 

(4) Instrumentation to monitorthepressure drop across the fabric 
filter baghouse system shall be installed and operated properly. [so 
NR 439.055(1 )(a), Wis. Adm,Code] 

Note 1: The coal handling/storage operations are subject to s. NR 440.42(3)(C), Wis. Adm. Code (New Source 
Performance Standards, NSPS requir€lments) forvisiqle emissions. For these operation,s. NR 440.42(3)(c), Wis. 
Adm. Code prohibits visible emissions of 20 percent opacity or greater for any toal processes and conveying 
equipment, coal storage system. or coal transfer and loading system. The limit for opacity established for this 
process is more restrictive then NSPS limits for opacity, thus .the coal handlinglstorage operation is expected to be in 
compliance with the opadtyemisslon limits under NSPS; 
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a. Limitations: No owner or operator may cause or allow emissions of density greater than 1 0% op~lcity from each fugitive dust source. 
[so NR40S.09. Wis. Adm. Code. s. NR 431.05, Wis. Adm. Code, s. 285.65(3), Wis. Stat5., s. 285;65(3), Wis. Stats.] See Note 1 

b. Compliance Demonstration: 

(1) (a)CoaUoaded ouUo the inactive coal storage pile shall be 
compacted in accordance with standard coal pile maintenance 
procedures. (b) Once compacted, the bulk otiha pile will be left 
undisturbed (Inactive). [so NR 405.08, Wis. Adm. Code, s. NR 
406.10, Wis. Adm. Code, s. NR 415.04(1)(b), Wis. Adm. Code. s. 
285.65(3}, Wis. Stats.] 

(2) (a) A surfactant (wet suppression spray and/or surface 
stabilizing agent} or cover material(s), shall be applied to the pile. 
The surfactant (wet suppression spray and/or surface stabilizing 
agent) shall be applied to the active area of the pile at the 
beginning and end of each at stack out and reclaim activity. (b) In 
additlorltothebeginning and ending applications, surfactant {wet 
suppression spray andlor surface stabilizing agent) will also be 
applied to the active area during reclaim actlvities whenever any 
visible emissions are seen beyond the coal pile boundary or 
"vhenever; in the option of the rained person, additional surfactant 
(wetsuppression spray andJorsurface stabilizing agent) is needed. 
[5. N,R405,08,Wis. Adm. Code, s. NR406.10, Wis. Adm. Code, 
s. NR 415.04(1 Xb}. Wis. Adm. Code, s. 285.65(3}. Wis. Stats.] 

(3) (a)The permittee shall conduct weekly inspections of the 
inactive coal storage pile. (b) AddiUonalsurfactant will be applied 
whenever any visiblesluissions are seen beyond the coal pile 
boundary or whenever, in the opinion of the trained person, 
additional slJ!f~ctanfi§needed. (c) In addition to weekly 
inspectionS. daHyinspections of the active coal pile area, to 
determine the continued effectlveness of the surfactant. wil! be 
conducted by a trained person whenever coal is reclaimed from the 
pile. [5, NR 405.08. Wis. Adm. Code, s, NR 406.10, Wis. Adm. 
Code, s. NR 415.04(1 )(b). Wis. Adm. Code, s. 285.65(3). Wis. 
Stats.} 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required. the appropriate 
US EPA Method 9 shall be used to demonstrate compliance or an 
alternate method approved in writing by the Department, shall be 
used. [s, NR 439.06(9)(a)1., Wis. Adm. Code] 

(2) The permittee, for each day ofoperatioh of the plant, shall ensure 
that a person at the site keeps records of specific measures takenf6r 
that day in accordance with ttle Fugitive Dust Control Plan and signs 
and dates such records. [5. NR 415.04(1)(b), Wig, Adm. Code] 

(3) These records shall be kept for a period of 5 years and be made 
available to Department personnel upon request. [so NR 
415.04(1)(b). Wis. Adm. Code] 

(4) The Trained Person designated py condition I.Y.1 .b.(5) shallsign 
and date the records required in LY.l.c.(4) of specific measures 
taken in accordance with a Fugitive Dust Control Plan for each day of 
operation of the plant. Is. 285.65(3), Wis. Stats.] 

(5) The permittee shall ensure that records of the Trained Person 
designated by condition LY.1 .b.(6)'s training or MethOd 9 certification 
or other training or qualifications are available at the p!<;lrlt at all times 
of operation. [5.285.65(3), Wis. Stats.} 

Note 1: When trained staff observe visible emissions at the process itself of 10% or more, or at the prosperity fence 
!ineof 5% or more, the trained staffwill initiate adions to control fugitive emissions. The actions could include 
increased watering. increased application of dust suppressants, or increased streets sweeping depending upon the 
nature of the emissions. 
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b. Compliance Demonstration: 

(4) The permittee shall develop and follow a Fugitive Dust Control 
Plan for the subje:ct site and operation. Any provisions of the plan 
that are applicable to the site are only applicable to the site while 
the plant is operated at the site. The Fugitive Dust Control Plan 
shall identify thespecificrneasures to be taken, when needed and 
frequency neeq,ad to maintain emissions in compliance with 
emission limits .. For example, specific dust control measures could 
include: watering an roads hourly and amount of water used. use of 
spray bars incldding amount and rate of water applied, or use of 
other approve9dllstsuppressants. The department may request 
the permittee to, review andarnend the plan if necessary to 
maintain emissions in compliance with emission limits, [so NR 
41S.04(1)(b), Wis. Adm. Code] 

(5) The permittee shall id~ntify ~t!cast one Trained Person 
deSignated to monitor compliance. in accordance with this permlt, 
with the Fugitive Dust Control Plan. [so 285.65(3) •. Wis. Stats.] 

(6) The permittee sh.aU ensure that the Train~d Person deSignated: 
(a) Has training to evaluate compliance with Wisconsin air 
quality regulations,or 
(b) Has obtained certification as a Method 9 opacity observer 
in the last 2 years, or 
(c) Has attended appropriate training in other states. or has 
other reasqnable qualifications for being a Trained Person and 
the permittee tlas received written approval from the 
Department that s.lIch a person qualifles as a Trained Person 
for the purpose of this permit. 

[So 285.65(3), Wis. 8tat5.] 

c. Test Methods, Recordkeeping, and Monitoring: 
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a. Limitations: No oWner or operator may cause or allow emissions of de~sity 9,reater than 10% opacity f~om each fugitive dust source. 
[so NR 405.09, Wis. Adm. Code, s. NR 431.05, Wis, Adm. Code, s. 285.65(3). WIS. Stats .• s. 285.65(3), WIS. Stats.] See Note 1 ' 

b. Compnanc~ Demonstration: 

1) (a) The limestone pile shall be wetted by means of a wet 
suppression system whenever visible emisSions are seen beyond 
the limestone pile boundary or whenever in the opinion of the 
trained person, additional wet suppression is necessary. (b) 
Weekly inspections of the limestone storage pile will be conducted 
to insure the pile contains the proper moisture content to prevent 
fugitive dust emissions. (c) Daily inspections to determine the 
continued effectiveness of fugitive dust control measures sl1all be 
conducted whenever limestone is reclaimed to the limestone 
preparation building. (d) Limestone shall be transferred from the 
pile to the limestone preparation building in a covered conveyor. [so 
NR405.08, Wis. Adm.Code, s. NR 406.10, Wis. Adm. Code, s. 
NR 415.04(1 Xb), Wis. Adm. Code, s; 285.65(3), Wis. Stats.j 

(2) The permittee shall develop and follow a Fugitive Dust Control 
Plan for the subject site and operation. Any provisions of the plan 
that are applicable to the site are only applicable to the site while 
the plant is operated at the site. The Fugitive Dust Control Plan 
shaHidenlify the specific measures to be taken, when needed and 
frequency needed to maintain emissions in compliance with 
emission limits. For example, specific dust control measures could 
include: watering all roads hourly and amount of water usee!, use of 
spray bars including amount and rate of water applied. or use of 
other approved dust suppressants. The department may request 
the permittee to review and amend the plan if necessary to 
rnaintaln emissions in compliance with emission limits.[s. NR 
415.04(1)(b), Wis. Adm. Code} 

(3) T~7 PWl1iiUee shall identify at least one Trained Person 
deSignated to monitor compliance, in accordance with this permit. 
with the Fugitive Dust Control Plan. [so 285.65(3), Wis. Stats.] 

(4) The permittee shall ensure that the Trained Person deSignated: 
(a) Has training to evaluate cornpliance with Wisconsin air 
quality regulations, or 
(b) Has obtained certification as a Method 9 opacity observer 
in the last 2 years. or 
(c) Has attended appropriate training in other states or has 
other reasonable qualifications for being a Trained Person and 
the permittee has received written approval from the 
Department that such a person qualifies as a Trained Person 
for the purpose of this permit. 

[so 285,65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference Test Method for PartiCUlate Matter Emissions: 
Whenever compliance emiSSion testing is reqUired, the appropriate 
US EPA Method 9 shall be used to demonstratecomplianc:e. 
[so NR 439.06(9)(a)1 .• Wis. Adm, Code] 

(2) The permittee, for each dayof operation of the plant, shall ensure 
that ~ person at the. site keeps records of specific measures taken for 
that day in accordance With the Fugitive Dust Control Plan and signs 
and dates such records.[s. NR415.04(1)(b). Wis. Adm. Code] 

(3) These records shall be keptfor apedod of 5 years and be made 
available to Department personnel upon request [s, NR 
415.Q4(1)(b), Wis. Adm. Code] 

(4) The Trained Person designated by condition I..Z.1.b.(3) shall sign 
and date the records required in I.Z.1.c.(2) of specific measures 
taken in accordance, \"lith a Fugitive Dust Control Plan for each day of 
operation of the plant. [so 285.65(3), Wis. Stats.] 

(5) The pem1ittee shall ensure that records of the Trained Person 
designated by condition I.Z.1.b.(4)'s training or Method 9 certification 
or other training or qualifications 'are available althe plant at aU times 
of operation. [s, 285.65(3}; Wis. Stats.} 

Note 1: When trained staff observe visible emiSSions at the process itself of 10% or more, or at the property fence line 
of 5% or more, the trained staff will initiate actions to control fugitive emissions, The actions ,COUld include increased 
watering, increased application of dust suppressants, or increased street s sweeping depending upon the nature of 
the emiSSions. 
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a. Limitations: No owner or operator may cause or allow emissions of density greater than 1 0% opacity from each fugitive dust source. 
[s, NR 405.09, Wis. Adm. Code,s. NR 431.05, Wis. Adm. Gode, s. 285,65(3), Wis, Stats" s. 285,65(3), Wis.Stats.] See Note 1 

b. Complianc~ Oemon$tra~i«:m: 

(1 ) Fixed portions Of'~~tl~~d*o~'t to outdoor storage systemshali 
be condudedwithin~;c()v!3red:0nveyor to meet the BACT limits, 
[so NR 405.08, Wis. Adm; Ggcie,$, NR 406.10, Wis. Adm. Code, s. 
NR 415.04(1,)(b)iWis, Adm: Code; s. 285:65(3), Wis. Stats,] 

(2) Dust created dLiringcoal>loadMout shall be suppressed using a 
liquid spray torneerthtf~AC"flimits,[s, NR 405,08, Wis;Adm. 
Code, s,NR40~.10.Wis: .. AqITLCodeis. NR 415.04(1)(b); Wis. 
Adm. Code, s; 285.G!:)(3);Wis;$tats;] 

(3) Coal shall be transferredJrom the conveyor to the storage pile 
using a telescoping spout to meetthe BACT limits. [s; NR 405:08, 
Wis. Adm. Code, s. NR406;10;Wis; Adm, Code, s. NR . 
415.04(1 }(b). Wis. Adm. Code, s. 285.65(3). Wis. Stats.] 

(4) The permittee shall deyelop and follow a FugitiveDust Control 
Pian for the subject site and.operation.· Any provisions of the plan 
that are applicable to.the site are: only applicable to the sitewhile 
the plant is operatedatthesite;The Fugitive Dust Control plan 
shall identify the specific measures to be taken, when needed and 
frequency needed to maintain emissions incompliance with 
emission limits.' For example, specifiC dust contrOl measures could 
include: watering all roads hour!y and amountof water.LJsed, lAse. of 
spray bars includIng. amoLint and rate of water applied, or use. of 
other approved dust suppressants. The department may request 
the permittee to' review and amend the plan if necessary to 
maintain emissions incompliance with emission limIts. [so NR 
415.04(1)(b), Wis. Adm. Code] 

(5) The permittee shall identify at least one Trained Person 
designated to nionitor compliance, in accordance. with this permit, 
with the Fugitive Dust Control Plan. [so 285,65(3), Wis, Stats.] 

(6) The permitleeshall ensure that the Trained Person designated: 
(a) Hastraihing t,o evaluate compliance with Wisconsin air 
quality reglliations,or 
(b )Has obtained certification as a Method 9 opacity observer 
in the last 2 years r or 
(c) Has attended appropriate training in other states or has 
other reasonable qualifications for being a Trained Person and 
the permittee has receivedwrlUen approval from the 
Departmen~ that such a person qualifies as a Trained Person 
for the purpose of this pennit 

[s.285,65(3);Wls;Stats.j 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference TestMethod for Particulate Matter Emissions: 
Whenever compliance emission testing is.requlred, the appropriate 
US EPA Method 9 shall be used to demonstrate compliance or an 
alternate method approved in writing by the Department, shall be 
used. [s. NR 439.06(9Xa)1., Wis. Adm, Code] 

(2) (a)The permittee, for each day of operation of the plant. shall 
ensure that a person at the site. keeps records of specific measures 
taken for that day in accordance with the Fugitive Dust Control Plan 
and signs and dates such records including the uSe of wet 
suppression .system. (b) The records shall consist of the date, time; 
observations, and any actions taken including the start and end times 
the wet suppression system is used, Is. NR 415.04(1)(b). Wis. Adm. 
Codel 

(3) These records shal! be kept for a period of 5 years and be made 
available to Department personnel upon request [s. NR 
415;04(1)(b), Wis. Adm. Code] 

(4) The Trained Person deSignated by condition 1.AA.1.b.(5) shall 
sign and date the records required in LAA l.c,(2) of specific 
measures taken in accordance with a Fugitive Dust Control Plan for 
each day of operatioriof the plant [5; 285.65(3), Wis. Stats.] 

(5) The pennittee shall ensure that records of the Trained Person 
designated by condition, LAA 1.b,(6),s training or Method 9 
certification or other training or qualifications are available at the plant 
at all times of operation, [so 285,65(3). Wis. Slats.] 

Note 1: When trained staff observe visible emisslons aUhe process itself of 10% or more, or at the property fence line 
of 5%tor.more,· the. trained staff will·jnitiate actions to control fugitive emissions. The actions could include increased 
watering, increased application of dust suppressants, or increased street s sweeping depending upon the nature of 
the emissions, 
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a. limitations: No owner or operator may cause or allow emissions of density greater than 10% opadtyfrom each fugitive dust source~ 
[so NR 405.09, Wis. Adm. Code, $, NR 440.688(3). Wis. Adm, Code, s. NR 431.05, Wi's. Adm. Code, s, 285,65(3), Wis. Stats., s. 285,65(3), 
Wis, Slats.] See Note 1 

b., Compliance Demonstration: 

(1) (a) Limestoheshall be unloaded from the barge ,using either a 
screw auger (or rotary screw) or an enclosed hydraulic clamshell 
to meet the BACTfimits, (b) Limestone load-out to Qutdoorstorage 
shall be conducted vvithin a covered conveyor equipped with a 
telescopic chute. [s, NR 405.08, Wis. Adm. Code, s. NR 406.10, 
Wis. Adm; Code, s. NR 415.04(1}(b), Wis. Adm. Code, s, 
285;65(3); ,Wis, Stats.] 

(2) Dust shall be suppressed using a liquid spray to meet BACT 
linilts. [s, NR405;08;Wis. Adm. Code, s. NR 406.10, Wis, Adm. 
Cpde. $, NR415.04(1 )(b), Wis. Adm. Code, s. 285.65(3), Wis. 
Slats:1 

(3) The permittee shall develop and follow a Fugitive Dust Control 
Planfor'the subject site and operation. Any provisions of the plan 
that are applicable to the site are only applicable to the site while 
the plant is operated at the site. The FugitiveDust Control Plan 
shaH jd~ntify the specific measures to be taken, when needed and 
freqUency needed to maintain emissions in compliance with 
emission 'limits. For example, specific dust control measures <'.QuId 
include:wat~ring C1Hroads hourly and amount of water used, use of 
spray bars ,Including amount and rate of water applied, or use of 
other approved dust suppressants. The department may request 
the perrnittee to review and amend the plan if necessary to 
maintain emissions In compHance with emission'limits. [s. NR 
41S:04(1)(b); WIS. Adm, Code] 

(4) The permittee shall identify at least one Trained Person 
designated to monitor compliance, in accordance with this permit. 
with the Fugitive Dust Control Plan. [so 285.65(3), Wis. Stats.] 

(5) The permittee shall ensure that the Trained Person designated: 
(a) Has training to evaluate compliance with Wisconsin air 
quality regulations, or 
(b) Has obtained certification as a Method 9 opacity observer 
in the last 2 years l or 
(c) Has attended appropriate training in other states or has 
other reasonable qualifications for being a Trained Person and 
the permittee has received written approval from the 
Department that such a person qualifies as a Trained Person 
for the purpose of this permit. 

[so 285.65(3), Wis. Stats.] 

c. Test Methods, Recorctkeeping1 and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, ,the appropriate 
US EPA Method 9 shall be used to demonstrate compliance. 
[5. NR 439,06(9)(a)1., Wis. Adm, Code] 

(2) The permittee, for each day of operation of the p,lant, shall ensure 
that a person at the sjte keeps records of specific measures taken for 
tl1at day in accordance with the Fugitive Dust Control Plan and signs 
and dates such records. [so NR 415.04(1)(b), Wis. Adm. Code] 

(3) These records shall be keptfbr a period of 5 years and be made 
available to Department personnel upon request [5. NR 
415.04(1)(b}; Wis. Adm. Code] 

(4) The Trained Person deSignated by condition !.BB.1.b;(4) shall 
sign and date the records requiredinLBB.1.c.(2) of speCific measures 
taken in accordance with a Fugitive DustControl Plan for each day of 
operation of the plant. [s. 285.65(3),Wis.Stats.] 

(5) The permittee shall ensure that records of the Trained Person 
designated by conditionLBB.1 ,b.(5)'s training or Method 9 
certiftcalion or other training or qualifications are availab!eat the plant 
at all times of operation.[s, 285,65(3). Wis, Stats.J 

Note 1: When trained staff observe visible emissions at the process itself of 10% or more, or at the property fence !ine 
of5%or more,the trained staff will initiate actions to c.ontrol fugitive emissions. Theacti6ns could include increased 
watering; ihcreased application of dust suppressants, or increased street s sweeping depending upon the nature of 
the emissions. 
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a. LimitaUon~: No owner or operator mayca~se or aHow emissions of densio/ greater than 10% opacity from ,each fugitive dust source. [s. 
NR 405.09, Wls.Adrn~ ,?ode, s. NR 431.05~Wls. j\dm,C:;ode,s,. 285.65(3), WIS. Stats., s. 285.6S(3), Wis. Stats.] See Note 1 ' 

b. Compliance Demonstration: ' 

('1 ). Gypsum lo~ded ouito the dock side storage pile shall be 
covered with a tarp of sufficient size to cover the entire pHe to meet 
the BACT Iknits. [5. NR405.08, Wis. Adm. Code, s. NR 406.10, 
Wis. Adm. Code, s. NR 415.04(1)(b). Wis. Adm. Code, s. 
28S.65(3), Wis.Stats.] 

(2) A portionofthe pile can be maintained In an "active" state to 
allow for appropriate bargeloedlng activities to meet the BACT 
limits. [so NR405.08, Wis. Adm. Code, s. NR 406.10, WIs. Adm. 
Code, s. NR 415;04(1)(b), Wis. Adm. Code, s. 28S.65(3), Wis. 
Stats.] 

(3) Active portions of the pile shall be wetted by means of a 
supplemental wet suppression system to a moisture content 
consistent with proper fugitive dust control wnenever visible 
emiSSions are seen beyond the gypsum pile boundary or 
whenever. in the opinion of the trained person, addition wet 
suppression is necessary. [so NR 405.08, Wis. Aclm;Code, s. NR 
406.10, Wis. Adm. Code, s. NR 415.04('1 )(b), Wis. Adm. Code, s. 
285.65(3), Wis. Stats.] 

(4) Weekly inspections of the dock side gypsum storage pile wi!! be 
conducted to insure that the pile is either covered or contains the ' 
proper moisture content to prevent fugitive dust erhissions to meet 
the BACT limits. [so NR 405,06. Wis. Adm. Code, s. NR 406.10, 
Wis. Adm. Code. s. NR 415.04(1)(b), Wis. Adm. Code, S. 
285.6S(3}. Wis. Stats.] 

(S) Daily inspections of the active area to determinE} the continued 
effectiveness of fugitive dust control measures, shaH be conducted 
by the trained person whenever gypsum is loaded out to the barge 
to meet the BACT limits. [so NR405.08, Wis. Adm. Code, s. NR 
406.10, Wis. Adm. Code;.s. NR415.04(1)(b). Wis. Adm. Code, s. 
285,65(3); Wis. Stats.] 

(6) The permlttee shaH transfer gypsum from the conveyor to the 
dock-side storage using a telescoping chute to meet the BACT 
limits. [5; NR 405.08. Wis. Adm. Code, s. NR 406.10, Wis. Adm. 
Code, s. NR 41;5.04(1)(b). Wis. Adm. Code, s. 285.65(3), Wis. 
Stats.] 

(7) The permittee shall use a covered conveyor equipped with a 
telescoping chute or enc!osedclamshell when loading gypsum to 
the barge to m~et the BACT limits. [so NR 405.08, Wis. Adm. 
Code,s. NR 406.10, WIs. Adm. Code, s. NR 41S.04(1)(b), Wis. 
Adm. Code. s; 285.65(3), Wis. Stats.] 

c. Test Methods" Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions; 
Whenever r.omplianceeQ'lission testing is required, the appropriate 
US EPA Method 9 shall be used to demonstrate compliance or an 
alternate method approved inwriting by the Department, shall be 
used. [5. NR 439,06(9)(a)1., Wis. Adm. Code] 

(2) The permittee, for each day of operation of the plant, shall ensure 
that a person at the ~lte,keeps recor-dsof specific measures taken for 
that day tn accordaf')ce with the Fugitive Dust Control Plan and signs 

, and dates such records. [so NR 415.04(1)(b), WiS, Adm. Code] 

(3) These records shaH be kept for a period of 5 years and be made 
available to Department personnel upon request. [so NR 
415.04(1)(b), Wis. Adm. Code] 

(4) The Trained Person deSignated by condition I.CC.'1.b.(9) shall 
sign and date the records required inLCC.1 ;c.(8) of specific 
meClsures taken in accordance with a Fugitive Dust Control Plan for 
each day of operation of the plant. [so 285.65(3), Wis.. Stats.] 

(5) The permittee shall ensure that records of the Trained Person 
deSignated byconditionI.CC.1.b.(10),s training or Method 9 , 
certification or other training or qualifications are available at the plant 
at all times of operation, [5; 285.65(3), Wis. Slats,] 
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b. Compliance Demonstration: c. Test Methods, Recordkeeping, and Monitoring: 

(f:l)The permittee shall develop and follow a Fugitive Dust Control 
Plan for the subject site and operation. Any provisions of the plan 
th-at ;;lr~ applicable to the site are only appHcable to the. site while 
the plant is operated at the site. The Fugitive Dust Control Plan 
shall identify the specific measures to be taken, when needed and 
frequency needed to' maintain emissions in compliance with 
emission limits. For example, specific dust control measures could 
,include: waterlngalf roads hourly and amount of water used, lise of 
spray b;;lrs Including amount and rate of water applied, or use of 

. other approved dust suppressants. The department may request 
the perfnittee,to review and amend the plan if necessary to 
maintain emissions in compliance with emission limits.[s. NR 
415Xl4(1)(b), Wis. Adm. Code} 

(9) The permittee shall identify at least one Trained Person 
deSignated to monitor compliance, In accordance with this permit, 
'Nith IheFugltive Dust Control Plan. [s, 285.65(3), Wis, Stats.] 

(1Q) Th~ p~rmittee shall ensure that the Trained Person 
deslgna!~?: 

(a) Has training to evaluate compliance with Wisconsin air 
qqaliJy regulation~, or 
(b) HasobtCllned certification as a Method 9 opacity observer 
inth~I~~t 2 years ~. or 
(c) Hasattef1deqapproprlate training in other states or has 
other reasoriable qualifications for being a Trained Person and 
the permittee has received 'Mitten approval from the 
Department that such a person qualifies as a Trained Person 
for the purpose of this permit. 

[so 285.65(3), Wis. Stats,] 

Note 1: When trained staff observe visible emissions at the process itself of 10% or more, or at the property fence line 
of 5(% or more, the trained staff will initiate actions to control fugitive emissions, The actions could include increased 
watering, increased application of dust suppressants, or increased street s sweeping depending upon the nature of 
the emissions. 
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a. Limitations: No owner or operator may cause or allow emissions of density greater than 10% opacity from each fugitive dust source. 
[so NR 405.09, Wis. Adm. Code,s. NR431 ,05, Wis. Adm. Code, s. 285.65(3), Wis. Stats., S. 285.65(3), Wis. Stats.] See Note 1 

b. Compliance Demonstration: 

(1) Fixed portions ofthe gypsum load-ourto outdoor storage 
systemshaU be conducted within a covered .conveyor to meet the 
SACT limits. [s;:NR405.08~ Wis,Adm. Code, s. NR 406.10 •. Wis. 
Adm. Code; s. NR 415.04(1)(b);Wis. Adm. Code, s.28S.65(3), 
Wis. 8tat5.] . 

(2) Dust created during gypsum 10adoutshaJ! be suppressed using 
a liquid spray to meet the BACTlimits~ [5. NR 405.08, Wis,Adm. 
Code, s. NR 406.10, Wis. Adm. Code, s. NR 415.04(1)(b). Wis. 
Adm. Code, s. 285~65(3),Wis. Stats.J 

(3) Gypsum shall betransferredfrom the conveyor to the storage 
pile using a telescoping spout t6 meeUhe BACT limits, (s. NR 
405.08,Wis. Adm. Code, s. NR 406~ 10, Wis. Adm. Code, s. NR 
415.04(1 )(b); Wis; Adm.-Code, s. 285.65(3), Wis. Stats:] 

(4) The permittee shaH use a covered conveyor eqljipped with a 
telescopic chute or enclosed clamshell when loading Gypsum to 
the pile to meeUhe BACT Iilnits. [S; 285.65(3). Wis. Stats.] 

(5) The permittee shall develop and follow a Fugitive Dust Control 
Plan for the subject site and operation~ Any provisions ofthe plan 
that are applicable to the site are only applicable to the site while 
the plant is opefated at the site, The Fugitive DustControi Ptan 
shall identify the specific measures to betaken, when needed, ahd 
frequency needed to maintain emissioflsinccmpliance with 
emission limits. For example, specific dust control measures'could 
include: watering all roads hourly and amollnt of water used,use of 
spray bars including amount and (ate ofwaterElPplied, or use of 
other approved duslsuppressants, The department may request 
the permittee to: review and amend the plan if necessary to 
maintain eniissions in compliance with emission limits. [so NR 
415,04(1)(b), W,is. Adm. Code] 

(6)The permitteeshaHldentify at least one Trained Person 
designated to monitor compliance, in accordance with this permit. 
with the Fugitive Dust Control Plan. [so 285.65(3), Wis. Slats.] 

(7) The permittee shall ensure that the. Trained Person designated: 
(a) Has training to evaluate compliance with Wisconsin air 
quality regulations, or 
(b) Has obtained certification as a Method 9 opacity observer 
in the I.ast 2 years, or 
(c) Has attended appropriate frainingin other stales or has 
other reasonable qualifications for being a Trained Person and 
the permittee has received written approval from the 
Department that such a person qualifies as a Trained Person 
for the purpose of thisperrnit. 

[so 285.65(3), Wis. Slats,} 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, the appropriate 
US EPA Method 9 shall be used tod~monstratecompliance,or an 
alternate method approved in writing by the Department, shall be 
used. [so NR 439.06(9)(a)1., Wis. Adm. Code] 

(2) The permittee, for each day of operation of the plant,. shall ensure 
that a person at the site keeps records of specific measures taken for 
that day in accordance with the Fugitive Dust Control Plan and signs 
and dates such records. [5. NR415.04(1)(b), Wis. Adm. Code] 

(3) Thesetecords shall be kepifor a period of 5 years and be made 
available to Department personnel upon request. [s.NR 
415.04(1 )(b). Wis; Adm. Code) 

(4) The Trained Person designated by condition LDD:1.b.(6)shaU 
sign and date the records required iriI.DD.1.c.(2) of specific 
measures taken in accordance with a Fugitive Dust Control Plan for 
each day of operation of the plant. (s.285.65(3). Wis. Stats.] 

{5} The permittee shall ensure that records of the Trained Person 
designated by conditionLDD.1.b.(6)'s training or Method 9 
certification or other.training or qualifications areavailab!e at the plant 
at all times of operation. [3; 285.65(3), Wis.'Stats.] 

Notel: When tralneejstaff observe vislbleemissions at the process itself of 10% or more,or at the property fence line 
of!'j%ormore;the trained staff will initlateactlonsto control fugitive emissions. The actions'coufdinclude increased 
watering, increased application of dust suppressants, or increased street s sweeping depending upon the nature of 
the emissions, 
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ao Liniitations:(1) No olNner or operator may <"..8use or allow emissions of density greater than 10% opacity from each fugitive dust source. 
(2} Thtprocess may be operated only during the hours from 7:00 am to 7:00 PM .. The permittee has elected this restriction to ensure the 
PM10anibient air quality standards are not exceeded. [s, NR 405,09. Wis. Adm. Code, s, NR 431.05, Wis, Adm. Code, s. 285,65(3), Wis, 
Stats., $; 285.65(3), Wis. Stats.] See Note 1 

b. Compliance Demonstration: 

(1) The fuel ash reclaim area shall be wetted by means of a wet 
suppression system whenever visible emissions are seen beyond 
;thearea's' boundary or whenever, in the opinion of the trained 
person; additional wet suppression is necessary to meet the BACT 
Iimitsr[s.285.65(3), Wis. Stats.] 

(2) Weekly inspections of the fuel ash reclaim area will be 
conducted>by strained person to insure that the material to be 
reclaimed contains adequate moisture content to prevent fugitive 
dust emissions to meet BACT limits. [So 285.65(3), Wis.Stats.] 

(3) In addition to weekly inspections, daily inspections, to 
determine the continued effectiveness of fugitive dust ,control 
measure,~~shallbeconducted by the trained person,whenever fuel 
ash is reclaimed to meet BACT limits. [so 285~65(3), Wis. Slats.] 

(4)Thepermittee shall develop and follow a Fugitive Dust Control 
Plan for the subject site and operation. Any provisions of the plan 
that are appliCable to the site are only applicable to the site while 
the plant is operated at the site. The Fugitive Dust Control Plan 
shall identify the specific measures to be taken, when needed and 
frequency needed to maintain emissions in compliance with 
emission Omits. For example, specific dust control measures could 
include: watering all roads hourly and amount of water used, use of 
spray bars including amount and rate of water applied, or use of 
other approved dust suppressants. The department may request 
the permittee to review and amend the plan if necessary to 
maintain emissions in compliance with emission limits. [so NR 
415.04(1){b), Wis. Adm. Code] 

(5) The permittee shall identify at least one Trained Person 
designated to monitor compliance, in accordance with this permit, 
with the Fugitive Dust Control Plan. [5. 285,65(3), Wis. Stats.] 

(6) The permittee shall ensure that the Trained Person designated: 
(a)Hfls training to evaluate compliance with Wisconsin air 
quality regulations, or 
(b) Has obtained certification as a Method 9 opacity observer 
in the last 2 years ! or 
(c) Has attended appropriate training in other states or has 
other reasonable qualifications for being a Trained Person and 
the permittee has received written approval from the 
Department that such a person qualifies as a Trained Person 
for the purpose of this permit. 

[5.285.65(3), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, the appropriate 
US EPA Method 9 shall be used to demonstrate compliance, ' 
[s, NR439,06(9)(a)1., Wis; Adm. Code] 

(2) The permittee, for eiichday of operation of the plant, shailensure 
that a person at the site keeps records of specific measures taken for 
that day in accordance with the Fugitive Dust Control Plan and signs 
and dates such records. [8. NR415.04(1)(b). Wis. Adm. Code] 

(3) These records shall be kept for a period of 5 years and be made 
available to Department personnel upon request. [so NR 
415.04(1 )(b), Wis .. Adrn, Code] 

( 4) The Trained Person designated by condition I. EE.1. b.( 5 ) shall 
sign and date the records required inLEE.1 ,c.(2) of specific meGlsur~s 
taken in accordance with a Fugitive Dust Control Plan for each day of 
operation ofthe plant. [so 285.65(3), Wis. Stats.] 

(5) Tho permittee shall ensure that records of the Trained Person 
designated by conditionl.EE; 1.b.(6)'s training or Method 9 
certificatlonor other training or qualifications are available at the plant 
at all times of operation.[s. 285.65(3), WIS. Stats.] 

(6) The permittee shail record the start and end times ofihe 
operation to, demonstrate compliance with corlditior) LEE',1.a.(2). r~. 
285.65(3). Wis. Stats.] 

Note 1: When trained staff observe visible emissions at the process itself of 10% or more, or at the property fence line 
of 5% or more, the trained staff will initiate actions to control fugitive emiSSions. The actions could include increased 
watering, increased application of dust suppressants, or increased street s sweeping depending upon the nature of 
the emissions. 
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a. Limitations: (1)No owner or operator may cause or allow emissions of density greater than 10% opaCity from each fugitive dust source: 
(2) The process may be operated only during the hours from 7:00 am to 7:00 PM. The Permittee has elected thiS restriction to ensure the 
PM10 ambient air 9uality stan~ards are not exceeded. [so NR 405.09, Wis. Adm. Code. s. NR 431.05, Wis. Adm, Code, s, 285.65(3), Wis. 
Stats,. s. 285,65(3), Wis, stats.] See Note 1 

b. Compliance Demonstration: 

(1) The landfill ~hall{)¢'~~ttedbYllleans'of a wet suppression 
system Whenev~r ~1~i~!l:}emi~sion~ are seen beyond the landfill 
boundary or wheneve~;inthe opinion of the trained person, 
additional wet suppression is necessary to meet the BACT limits. 
[so 2a5.65(3), Wis. Stats.] 

(2) Weekly insp~ctjons of themat~rjals'st6ragelandfill will be 
conducted by a trai~ed pe~?~ to insure that the material to be 
restored and reclaimed contains adequate moisture, content to 
prevent fugitive dust emissions to meet BACT limits, [s.285.65(3), 
Wis. Stats.] , 

(3) In addition tq weekly inspections, daHy inspections. to 
determine the continued effecti~~nes.s of fugitive dust control 
measures, shall be co lid ucteciby the trained person, whenever fuel 
ash is reclaime<;! to meet BACTllmits.[s. 285,65(3). Wis. Stats.J 

(4) The permittee shall develop andfollo~ a Fugitive Dust Control 
Plan for the subject site and operation. Any proVisions of the plan 
that are applicable to the site are only applicable to the site while 
the plantisoperated at the site, The Fugitive Dust Control Plan 
shall identifythespeClflc measures tribe taken, when needed and 
frequency needed to maintain emissions in Compliance with . 
emission limits, . For example, specific dust control measurescoufd 
include: watering all roads. hourly and prnount Of water used, use of 
spray bars including amount an<;l. rate of water applied, or use of 
other approved dusl suppressants. The department may reque~t 
the permittee to' review and amend the plan if necessary to 
maintain emissions in compliance with emission Hmits. [5, NR 
415.04(1){b), Wis. Adm. Code] 

(5)The permittee shall identify at least one Trained Person 
deSignated to monitor compliance. in accordance with this permit. 
With the Fugitive DusfControl Platt [5. 285.65(3); WIs. Stats.] 

" 

(6) The permittee shall ensure t~at the Trained Person designated: 
(a) Has traiping to ey?luatecompliance with Wisconsin air 
quality regulations, or . 
(b) Has obtained certification asa Method 9 opacity observer 
in the last :2 years, or 
(c) Has attended appropriate training in other states or has 
other reasonable qualifications for being a Trained Person and 
the permittee has received written approval from the 
Department that such a person qualifies as a Trained Person 
for the purpose of this permit. 

[5. 285.65(3). Wis,Stats.] 

c. Te'st Methods,Recordkeeping, and Monitoring: 

(1 ) Reference· Test Method for PartiCUlate Matter Emissions: 
Whenever compliance emission testing is required, the appropriate 
US EPA Method 9 shall be used to demonstrate compliance. 
[5, NR 439,06(9)(a)1" Wis. Adm. Code) 

(2) The perlllittee, for each day of operation of the plant, shall ensure 
that a person at the srtekeeps records of specific measures taken for 
that day in accordance with the Fugitive Dust Control Plan and signs 
and dates.sLich records. [5; NR 415.04(1)(b). Wis. Adm. Code] 

(3) These records shall be kept for a period of 5 years and be made 
available to Department personnel upon request [s. NR 
415.04(1)(b), Wis. Adm. Code] 

(4) The Trained Person designated by condition LFF.1.b.(5) shall 
sign and date the recqrdsrequired inl.FF.1 ,c.(2) of specific measures 
taken in accordance with a Fugitive Dust Control Plan for each day of 
operaticnofthe plant. [so 285,65(3), Wis. Stats.) 

(5) The permittee shall ensure that records of the Trained Person 
designated by conditionI.FF.1.b.(6)'s training or Method 9 certification 
or other training or quailfications are available at the plant at aU times 
of operation. [s, 285.65(3), Wis, Stats.] 

(6) Ttle permittee shall record the start ancj end times o.f the 
operation to demonstrate compliance With condition LFF~ 1.a.(2). [so 
285,65(3), Wis. Stats.] 

Note 1: When trained staff observe visible emissions at the process itself of 10'% or more, or at the property fence line 
of 5%. or more, the trained staff \Nil! initiate actions to control fugitive emissions. The actions could include increased 
watering, increasedapplicatiOil of dust suppressants, or increase.d street s sweeping depending upon the nature of 
the·emissions. 
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a; Limitations: (1) No owner or operator may cause or allow emissions of (1ensity greater than '10% opacity from each fugitive dust source. 
(4) The process may be operated only during the hours from 7:00 am to 7:00 PM. The permittee has elected this restriction to ensure the 
PM1 Q; ambient air quality standards are not exceeded. [s, NR405.09, Wis. Adm. Code, s. NR 431.05, Wis. Adm. Code, s. 285.65(3). Wis. 
Stats" s. 285.65(3), Wis; Stats.] See Note 1 

b.Compliance Demonstration: 

(1) Dust created during bottom ash reclamation activities shall be 
suppressed using a W'dtersprayto meet BACT limits. [so NR 
405.Q8, Wis. Adm. Code, s. NR 406.10, Wis. Adm. Code, s. NR 
415.04(1)(b}, Wis. Adm. Code, s. 285.65(3), Wis. Stats.] 

(2) The perrnittee shall develop and follow a Fugitive Dust Control 
Rlan for the subjects!te and operation. Any provisions of the plan 
thatqreapplicable to the site are only applicable to the site while 
the planUs Qperated at the site. The Fugitive Dust Control Plan 
shaHideritify the specific measures tobe,taken, when needed and 
frequency needed to maintain emissions in compliance with 
emi$sioq'limits. For example, specific dust control measures could 
include: watering all roads hourly and amount of water used, use of 
spray bars including amount and rate of water applied, or use of 
other approved dust suppressants~ The department may request 
thepermitteeloreviewand amend the plan if necessary to 
mainlainemissicins incompliance with emission limits .[5, NR 
415.04{l}(b), Wis. Adm. Code] 

(3) The permittee shall identify at least one Trained Person 
desigl')atedtorl1onitor compliance, in accordance with this permit, 
wilhlheFugitiveDustControl Plan. [s, 285.65(3), Wis, Stats.] 

(4) The permittee shall ensure that the Trained Person designated: 
(a) Has training to evaluate compliance with Wisconsin air 
quality regulations, or 
(b) Has optaiDedcertification as a Method 9 opacity observer 
in the fast 2Years.or 
(c) Has attended appropriate training in other states or has 
other reasonable qualifications for being a Trained Person and 
the permittee has received written approval from the 
Department that such a person qualifies as a Trained Person 
for the purpose of this permit. 

ls, 285.65(3); Wis, Stats,] 

c. Test Methods, Recordkeeping, and Monitoring: 

('1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emiSSion testing is required, the appropriate 
US EPA Method 9 shall be used to demonstrate compliance or an 
alternate method approved in writing by the Department, shall be 
used. [5. NR 439.06(9)(a)1., Wis, Adm. Code] 

(2) The permittee, for each day of operation of the plant, shall ensure 
that a person at the site keeps records of spedfic measures taken for 
that day in accordance with the Fugitive Dust Control Plan and signs 
and dates such re.cords, [s, NR415.04(1)(b), Wis. Adm. Code} 

(3) These records shall be kept for a period of 5 years and be made 
available to Department personnel upon request. [so NR 
415.04(1 )(b), Wis. Adm. Code] 

(4) The Trained Person deSignated by condltion LG~.1.b.p)shall 
sign and date the records required inLGG.1.c.(2) ofspedfic 
measures taken in accordance with a Fugitive Dust Control Plan for 
each day of operation of the plant. [s; 285.65(3). Wls~ Stats.] 

(5) The permittee shall ensure that records of the Trained Person 
designated by condition!. GG.1.b.(4)'5 training or Method 9 
certification or other training'or qualifications are available at the plant 
at aI/ times of operation. [so 285.65(3}. Wis. Stats.] . 

(6) The permittee shall record the start and end times of the proces!$ 
to demonstrate compliancewithconditlon LGG.1 ,a.(2).[s. 285.65(3), 
Wis, Stats.] 

Note 1: When trained staff observe visible emissions at the process itself of 10% or more, or at the property fence line 
of 5% or more, the trained staff wi!! fnitiate actions to control fugitive ernissions. The actions could include increased' 
watering, increased application of dust suppressants, or increased street s sweeping depending upon the nature of 
the emissions. 
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a. Limitations: The permittee shall apply Best Available Contro!TeGhno!ogy(BACT)~ BACT shaU berriet by theuse a) paving the haul 
roads, b) Use of trucks washing stations and c) ofa high efficiency vacuum street sweeper. [so NR 40S,08, Wis. Adm. Code, s. NR 431 ,OS, 
Wis, Adm. Code, s. 28S.65(3), Wis. Stats" s. 285.65(3), Wis. Slats.] See Note 1 

b. Complianc;eDem()l1stration: 

(1) AHfacjlltyh?IJ!J:(mdS shan~epaved to meeUhe BACT limits. 
[s. NR 405.08, Wis. Adm. Code] 

(2) All. facility hEiul roads shall be vacuum swept, at minimum, twice 
daily (exceptwtienweatherconditions exist such that precipitation 
and/or ambient temperature would control Jugltiveem;ssions or 
prevent vacuum sweeping's :effectlveness»if, fn the opihiori of the 
trained person additional roadways vacuumsweeping .15 necessary 
to prevent inappropriate fugitivedust.emissions it will be condwcted 
as soon as practical. is. NR 405.08, Wis. Adm. Code) 

(3) Truck "lashing stations shaH be installed and used nearfoui' 
locations where removal of mud, dirt and dust must occur, the. 
SCPC ash loading stations, the IGCC slag loading station, the fuel 
ash rec!Clim area, and the C.aledonia landfill area. [so NR 405.08, 
Wis, Adm. Code} 

(4) The permittee shaU·identlfy at least one Trained Person 
deSignated to monitor compIlance,ln accordancewlththis permit. 
with the Fugitive Dust Control Plan, [8,285.65(3), Wis. Stats.] 

C. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, the appropriate 
US EPA Method 9 shall be used to demonstrate compliance or an 
alternate method approved in writing by the Department; shail be 
used. [5. NR 439,06(9)(a}1., Wis, Adm. Code] 

(2) The permittee shall ensure that the trained Person at the site 
keep(s) daily records consisting of the date and time roadway 
sweeping occurred or the date and reasons why it dld not. {s. 
285.65(3), Wis. Stats., S. NR 41S.04(1)(b), Wis. Adm. Code] 
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a.LitrlitaUons:(1}The emissions may not exceed 0,011 pound per million Btu including startup and shut down. (BACT); (2) The u~e.of good 
combustion practices. (BACT) [so NR 405.08(2). Wis. Adm. Code, s. 285.65(3). Wis. Stats., s. 285.65(7). Wis. Stats] 

b, Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
daysafterthe·start of operation of the process·to show compliance· 
with the emission limitation.32 [so NR 439,07, Wis. Adm. Code] 

(2) The permittee shail perform the compliance emission tests 
required under condition L II. 1.b.(1) every 24 months from the date 
of thelaststacktest as long as the permit remains valid. [s. 
285.65(3), WiS. Stats., s. 285.65(10), Wis. Stats,] 

(3) Stack Parameters These requirements are included because 
the source was reviewed with these stack parameters and it was 
determined that no jncrements or ambient air quality standards will 
be·violated when constructed as proposed. 

(a) The stack height shall be at least 275.0 feet above ground 
evel. [so 285.65(3). Wis, Stats., s. NR 406,10, Wis, Adm, Code) 

(b) The stack inside diameter at the outlet may not exceed 20.0 
eet [5,285.65(3), Slats., s. NR 406.10, Wis, Adm. Code] 

(4) The pf;i}i'mittee shall fire only fire syngas as the primary fuel with 
fuelbilhaving amaximunlsulfur content 0(0.003% sulfur by 
weight for'slart up. This condition is established to meet BACT 
emission limit [s. NR 405,08(2). Wis. Adm. Codel 

(5) The permittee shaH demonstrate good combustion practices by: 
(a) monitoring appropriate combustion operating parameters. (s. 
285.65(3); Wis.Stals., s. 285;65(10). Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, test procedures in 
US EPA Method 5, includlng backhelf (Method 202) or an alternative 
method approved in writing by the department, shall be used to 
demonstrate compliance, [so NR439.06(1). Wis, Adm. Code] 

(2) The permittee shall keep and maintain on !:)ite technical drawings; 
blueprints or equivalent records of .the physical stack parameters. (s. 
NR 439.04(1 )(d), Wis. Adm. COde) 

(2) During operation, the facility will monitor and record the. fol/owing 
operating parameters on an hourly basis: 

(a) Combustion turbine intet temperature 
(b) Combustion turbine firing temperature 
( c) Combustion turbine exhaust ternperature 
(d) Coal fuel flow rate 
[so 285.65( 1 0). Wis, Stats.] 

(4) During (initial performance testing, the permittee shall perform 
simultaneous monitoring of the parameters identifiedinoondition 
LlL 1 ,c.(3) to establish normal operational ranges for use as a 
compliance demonstration. (s. 285.65(10), Wis, Stats.] 

(5) The permittee shall install, calibrate; and maintain instrumentation 
to monitor the parameters identified by condition Lll.l.c.(3)a . ..;;. d. [s, 
285.65(3). Wis, Stats,. s. 285.65(10). Wis. Slats,] 

32 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation, the permit hotdermay 
request and the Department may approve, in writing, an extension of timH to conduct the test(s). 
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a. Limitations: (1 )The emissions may not exceed 0.011 pound per million Btu including startup and shut down. (BACT); (2) The use of good 
combustion practices. (BACT) [so NR 405,08(2), Wis. Adm. Code. s. 285.65(3), Wis. Stats., s. 285.65(7). Wis. Stats] 

b. Compliance Demonstration: 

(1 ) Initial c6mpliance~mjssjon .tests' shall be conducted within 180 
days after the start of operation of the process to show compliance 
with th(;3 (;3mi;;siqn>limitation.33 [s.NR 439.07, Wis. Adm. Code] 

(2) The permittee shaliperformther,ompHance emission tests 
required under condition LlL2.b.(1) every 24 months from the, date 
of the last stack test as long as the permit remains valid. [5. 
285.65(3), Wis. Stats., 5.285.65(10), Wis. Stats.] 

(3) Stack Parameters: These requirements are included becaus.e 
the source was revieWed with these stack parameters and it was 
determined tha~ no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(a) The stack height shall be aUeast 275.0 feet aboveground 
level. is. 285.65(3), Wis, Stats;, SO NR 406.'10, Wis, Adm.Codel 

(b)The stack inside diameter at the outlet may not exceed 20.0 
feet. [s" 285.65(3), Stats., s. NR 406.10, Wis. Adm. Code] 

(4) The permitt~e shall fire Orily firesyngas as ttle primary fuel with 
fuel oil having a maximum sulfur content of 0.003% sulfur by 
weight for .start up. This condition is established to meet BACT 
emission limit. [5. NR405.08(2). Wis, Adm. Code] 

(5) The permittee shall demonstrate good combustion practices by: 
(a) monitoring appropriate combustion operating parameters. [so 
285.65(3), Wis.Stats .. s. 285.65(10). Wis. Stats.j 

c. Test Methods,Recordkeepirig, and Monitoring: 

(1) Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required. test procedures in 
US EPA Method 5, including ·backhalf (Method 202) or an alternative 
method approved in writing by the department, shall be used to . 
demonstrate cornpliance. [so NR 439.06(1). Wis. Adm. Code] 

(2) The permittee shall keep and maintain on site technical drawings, 
blueprints of equivalEm~ records, of the physical stack parameters. (s. 
NR 4.39.04(1){d), Wis. Adm. Code) 

(3) During operation, the facility wil!monitor and record the following 
operating parameters on an hourly basis: 
(a) Combustion turbine inlet temperature 
(b) Combustion turbine firing temperature 
(c) Combustion .turbine exhaust temperatwe 
(d) Coal illelflow rate 

[so 285.65(10), Wis. Stats.} 

(4) During initia! performance testing. the permittee shall perform 
simultaneous monitoring of the parameters identified in condition 
1.I1.2.c.(3) to establish normal operational ranges for use as a 
compliance demonstration. is. 285.65(10), Wis. Stats.] 

(5) The permittee shall install, calibrate, and maintain instrumentation 
to monitor the. parameters identified by condition LlL2.c.(3}a. -d. [so 
285.65(3), Wis. Slats., s. 285,65(10), Wis, Stats.] 

33 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation. the permit holder may 
request and the Department may approve, in writing, an extension of lime to conduct the 1951(S). 
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~~q)~J,~Q;!~~97,~?~~ijt~'~~i~~~i.ri~~lipn,gQroJ;>iij~d,G 
ustionTurbine~ " , 

a. Limitations: (1) (a) 0,015 percent by volume at 15% 02 on a dry basis, (NSPS) [5. NR 440.50(4Xa), Wis. Adm. Code]; or (b) fuel sulfur 
content less than or equal to 0.8% by weight (NSPS) [5. NR 440,50(4)(b), Wis, Adm. Code]; (2) 0.03 pound per mHlion Btl) heat input, based 
on a 24-hour average including startup and shutdown. (BACT) [so NR 4Q5.08(2), Wis. Adm. Code]; (3) 40 ppmvd sulfur in the gasified 
(syngas)fue! (expressed as hydrogen sulfide). (BACT) [s~ NR 405.08(2), Wis. Adm. Code; (4) 278 tons in any 12 consecutive months for ell! 
periods, including startup and shut down. (BACT) [so 405.08(2), Wis, Adm. Code]; (5) The sulfur content of fuel oil to be sued during periods 
of start-up and shut down may not exceed 0;003% by weight. (BACT) [so NR 405,08(2), Wis, Adm. Code] 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 180 
days after the' start of operation of the process to show conipliance 
with the emission limitation.34 [so NR 439.0'7, Wis. Adrn. Code] 

(2) The permittee shall perform the compliance emission tests 
required under condition 1.11.3,b,(1) every 24 months from the date 
ofthelast stack test as long as the permit remains valid, [5, 
285;65(3), Wis. Stats" s. 285,65(10), Wis. Stats.] 

(3) Stack Parameters These requirements are included because 
the source was reviewed with these stack parameters and it was 
determined that no increments or l3mbient air quality standards will 
be violated when constructed as proposed. 

(a) The stack height shall be at least 275.0 feet above ground 
evel. [5.285,65(3). Wis, Stats., g, NR 406.10, Wis. Adrn, Code] 

(b)The.stack Inside diameter at the outlet may not exceed 20.0 
eet. [5.285;65(3), Stats .• s. NR 406.10, Wis, Adm, Code] 

(4) Each combustion turbine may only be fired on syngas, except 
for periods of startup and load stabilization when distillate fuel oil 
may also be utilized asafue!. [s, NR 405,08{2), WiSe Adm. Code, 
s. 285.65(3), Wis. Slats.J 

(5) Sulfur Dioxide Emission shall be controUed by a syngas 
cleanup system, [so NR 405.08(2). Wis, Adm. Code, s, NR 
440.20(4)(a)1., Wis. Adm, Code] 

(6) Compliance with the sulfur dioxide emission limit contained in 
LlL3.a. (3) shall be demonstrated either through the use of (a) daily 
syngas sampling and analysis or (b) through the use of a sulfur 
dioxide continuous emission monitoring system (CEMs). [so NR 
405.08(2), Wis. Adm., Code] 

(6) Compliance with the sulfur dioxide BACT emission limit 
contained in 1.113.a.(3) constitutes compliance with the emission 
limit contained in 1.I1.3.a.(1) and (2) as I.IL3.a.(3) is a more 
restrictive limit [so 285.65(3), Wis. Stats,] 

(7) The sulfur content of fuel oil to be used during periods of start
up and load stabilization may not exceed 0,003% by weight [so NR 
405.08(2). Wis. Adm. Code, s. 285.65(3), Wis. Slats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Sulfur Dioxide EmiSSions: Whenever 
compliance emission testing is required, test procedures in US EPA 
Method 6, 6Aor Be oran alternative method approve'din writing by 
the department, shaH be used to demonstrate compliance. [so NR 
439,06(2), Wis. Adm. Code] 

(2) The daily syngas sampling and analysis provisions of IJI.3,b,(5Xa) 
shall be determined according to ASTM D1072-90, "Standard Test 
Method forTotalSu!furin Fuel Gases", ASTM D4468-85 "Standard 
test Method for Tota! Sulfur in Gaseous Fuels by Hydrogenolysis and 
Radiometric Colorimetry:', ASTM 05504-94 "Standard test Method for 
Determination of Sulfur Compound in Natural Gas and gaseous FuelS 
by Gas Chromatography and Chemiluminescence", or ASTM 3246-81 
"Standard test Method for Sulfur in Petroleum Gas by OXidative 
Microcoulometry". (s. NR 439.08(2)(b)~ Wis. Adm. Code] 

(3) The proviSion of 1.l1.3.b,(5)(b) shall be satisfied through the 
installation and use ota continuous emissions monitoring system 
(CEMs)for sulfur dioxide and ,carbon dioxide oroxygen contentof the 
flue gases at each location where sulfur dioxide emissions are 
monitored within 60 days after initial startup of the combustion turbine. 
The CEMs shall be calibrated within/90 days after initial startup of the 
combustion turbine, Continuous emissions monitoring systems shall 
be installed and operated in accordance with 40 CFR Part 75 and S. 

NR 439,06(6)(b), Wis. Adm. Code requirements. [5. 285.65(3). Wis. 
Stats" s. NR 439,06. Wis. Adm, Cope] 

(4) Continuous emission monitoring methods and procedures shall 
comply with the requirements of S. NR 439,09. Wis. Adm. Code. [5. 
NR 439.09, Wis. Adm. Code]' , 

(5) The sulfur content provisions of I.IL3,b.(7} shall be detennined 
according to ASTM 0129-95. Standard Test Method for Sulfur in 
Petroleum Products, ASTM 01552-95. Standard test Method for 
Sulfur in Petroleum Products, or ASTM 04294-98 Standard. test 
Method for Sulfur in Petrole4m Products by Energy-Dispersive X-ray 
Fluorescence Spectroscopy, respectively. [s .. NR 439.08(2)(b), Wis. 
Adm. Code] 

(6) The permittee shall cornply with NSPS monitoring of operations 
requirements per s. NR 440.50(5). Wis, Adm. Code. A copy of these 
requirements attached with the permit [s.NR 440.50(5). Wis. Adm. 
Code, s. 285.65(3), Wis. 8tats.] 

(7) TIle permittee shall use test methods and procedure per s. NR 
41°.50(6), Wis, Adm. Code to comply with the NSPS emission limits. 
[so NR 440.50(6). Wis. Adm. Code, s, 285.65(3), Wis. Stats,] 

34 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation. the permit holder may 
request and the Department may approve, in writing, an extension of time to conduct the lesl(s), 
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limitations: (1) The e.missiOns may not exceed 15 ppmdv. corrected to 15% oxygen on a 30 day rolling average basis, not including periods 
of startup and shut down, on a 30 day rolling basis. (BACT); (2) The emissions may not exceed 15 ppmdv, corrected. to 15% oxygen on a 30 
day rolling average basis, Including periods of startup and shut down, averaged over any consecutive 12 month period. (BACT); (3) 75 ppm 
@ 15% Oxygen. (NSPS); (3)The'llseofactiluent injection system (DIS) (BACT). [5. NR 405.08(2), Wis. Adm. Code, g. NR 440.50(3), Wis. 
Adm. Code, $. NR 428.04(2)(g)3., Wis, Adm. Code,s. 285.65(3), Wis. Stats., s. 285.65(7), Wis. Stats.] 

b. Compliance Demonstration: 

(1) Initial compliance emissiql1 tests shall be conducted within 180 
days after the start of operation of the process to show compliance 
with the emission limitaticln.35 [5. NR 439.07, Wis. Adm. Code] 

(2)Th~ permittee shall p~rformthe compliance emission tests 
required under condition LIlA.b.(1) every 24 months from the date 
of the last stack test as lon9as the permit remains valid. [so 
285.65(3), Wis. Stats., s. 285.65( 1 0), Wis. Stats.] 

(3) Stack Parameters These requiremenlsare included because 
the source was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as· proposed. 

(a) The stackheiQht shall be at least 275.0 feel above ground 
level. [so 285.65(3). Wis. Stats. , s. NR 406.10, Wis. Adm. Code] 

(b) The stack inSide diarneterat the outlet may not exceed 20,0 
feet. [so 285.65(:3), Stats.; s. NR 406.10, ·Wis. Adm. Code) 

(4) Nitrogen Oxides Emission shall be controlled by a diluent 
inje(;tion system to meet BACT limits. [s, NR 405,08(2), Wis. Adm. 
Code] 

(5) The permittee shall demonstrate compliance with the nitrogen 
oxides emissiOli limit contained in I.IIAa.(1) using emissions data 
measured by the continuous emission monitoring system required 
by 1.I1.4.c.(2) as follows: 
(a) Daily average concentration shall be calculated each calendar 

day by combining the nitrogen oxides concentration and 
diluent concentration "in % 02 or % C02) measurement 
consistent with the procedures specified in 40 CFR 75 
Appendix F. [$. 285,65(10), Wis. Stats.] 

(b) Each monthly nitrogen oxide emissions average shall be 
calculated by dividing the sum of all dally averages calculated 
during the month by the number of daily average calculated 
during the month, [s, 285,65(3), Wis~ Stats.] 

(c) Each 12~month nitrogenoxicle emissions average shall be 
calculated as the average of the past 12mtmthty emissions 
average. [so 285.65(3), Wis. Stats,] 

(6) Compliance :with the nitrogen oxides BACT emission limit 
contained in LlIA.a.(1}c..'Onstitutes compliance with the NSPS 
emission limit as theU3ACTemission limits is more restrictive then 
the NSPS emission limit [5 .. 285.65(3), Wis. Stats.) 

c. Test Methods, Recordkeeping,snd M,onitoring: 

("1) Reference Test Matt-lod for Nitrogen Oxides Emissions: Whenever 
compliance emission testing is required, test procedures in US EPA 
Method 70r an alternative method approved in writing by the 
department, shall be used to demonstrate compliance. [so NR 
439.06(6), Wis, Adm. Code] 

(2) The permittee shall install and operate continuous emissions 
monitoring system (CEMs) for' NOx and carbon dioxide or oxygen 
within 60 days after initial start up of IGCC, The CEMs shall be 
calibrated within 90 days after initial start up of the IGCC. Continuous 
emissions monitoring systems shall be installed and operated in 
accordance wim 40 CFR Part 75 and s. NR 439.06(6)(b), Wis. Adm. 
Code requirements. [s .. 285.65(3), Wis. Stats., s. NR 439.06, Wis. 
Adm. Code] 

(3) Continuous emission monitoring methods and procedures shall 
comply with the requirements of s. NR 439.09, Wis, Adm. Code, [5. 
NR 439.09, Wis. Adm. Code] 

(4) Tile permittee shaH comply with the general and specific 
monitoring requirements under s. NR 428.04(3)(a) and (b), Wis. Adm. 
Code. A copy of these requiremerits attached with the permit. [so NR 
428.04(3), Wis. Adm. Code, s. 285.65(3), Wis.Stats . .J 

(5) The permittee shall comply with ail the recordkeeping and reportlng 
requirements under $, NR 428.04(4), Wis. Adm. Code. A copy of 
these requirements attached vlJith the permit. (5. NR 428.04(4), Wis. 
Adm. Code, s, 285.65(3), Wis. Stats.] 

(6) The permittee shall comply with all the requirements for monitoring, 
installation, certification, data accounting, compliance dates and 
reporting data prior to initial certification as required under s. NR 
428.07(1 )(b), Wls:Adm. Code, s. NR 428,07(2Xb)2, Wis. Adm. Code, 
S, NR 428.07(3), Wis. Adm. Code. [5. 285.65(3), Wis. Stats.] 

(7) The permittee shall monitor NOx and heat input per s. NR 
42K08(1)(e), Wis. Adm. Code. A copy of these requirements attached 
with the permit. [5. NR 428.08, Wis. Adm~ Code; s. 285.65(3), Wis. 
Stata.] 

(8) The permittee shall submit quarterly reports per s. NR 428.09(2), 
(3) and (4), Wis. Adm. Code. A copy of these requirements attached 
with the permit. [5, NR 428.04(9), Wis. Adm. Code, s. 285.65(3), Wis. 
Stats.] , 

35 If the compliance emission tests cannot be conducted within 180 days after the start-of initial operation. the permit holder may 
request and the Department inay approve, in writing. an extension of time to conduclthe test(s). 
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b. Compliance Demonstration: 

(7)'Tn~'permittee sh~1I keep track of the startup and shut down ' 
.Jirn~bym(:mitoring the fuel combusted in the turbine. Startup 
periods begin with the firing of any fuel. in the corllbustion turbine, 
apd> end With the introduction of syngas to the combustion turbine. 
Shut down p~riod begin with the cessation of syngas flow to the 
combustion turbine, and end with the cessation' of all fuel firing.[s. 
285.65(3); Wis. Stats;] 

c. Test Methods, Recordkeeping,and Monitoring: 

(9) ~he permittee shall comply with NSPS monitoring of operations 
reqUirements per s, NR 440.50(5). Wis. Adm. Code; A copy of these 
requirements attached with the permit. [5. NR 440.50(5), Wis. Adm. 
Code, s. 285,65(3). Wis. Stats.] 

("10) The perf!1ittee shall use test methods and procedure per s. NR 
440.50(6). WIS. Adm. Code tocomp!y with the NSPS emission limits. 
is. NR 44.50(6), Wis, Adm. Code, s. 285.65(3), Wis. Stats.] 

(11) The permittee shall keep records required under condition 
UI.4.b.(5)(b), (c) and 1.I1.4.b.(7). [5. 285,65(3). Wis. Stats,] 
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a. Limitations: (1)!he emissiohs may not exceed 0.030 pound per million Btu on a24-,hourrolllng average, excluding periods of startup and 
shut down. (BACT); (2) Tbeuseof good combustion practices; (BACT) ; (3) 624 pounds per hour during anyone hour period, including 
startupandshu~down~(4}2t32 tons in any 12 consecutlvemonthsfor all periods, Including startup and shut down. (8ACT) [so NR 405.08(2), 
Wis. Adm. Code, s. 285J55(3), Wis. Stats" s. 285.65{7k Wis. Stats.] 

b. COniplianceDem()nstration: 

, (1) Initialcomplianceer'nisSion testsshai! be conducted. within 180 
days after the start bf6pen;ttionof the process to show compliance 
with the emissidhllmitation.36 [s>NR439.07, Wis. Adm. Code] 

(2) The pehnittee shan perform the . compliance emission tests 
required under condition 1.1L5.b.(1) every 24 months from the date 
ofthe la$tstac~te~taslong as the permit remains valid. [so 
285.65(3); Wis;'Stats:, s. 285.65(10), Wis. Stats.] 

(3) Carbon Monoxide Emissions shalibe controlled using good 
combustior,l practices tomeetBACTemission limit [ s, NR 
405.08(2). Wis. Adm, Code] 

(4) The permittee shall demonstrate comptiancewith·the BACT 
limit by:(a) monitoring appropriate combustion operating 
parameters or (b)thraughtheuse of a CO CEMs. [s.285,65(3), 
Wis.Stats .• 5.285.65(10), Wis.Stats,] 

(5) The permittee shall demonstrate compliance withthe carbon . 
monoxide emis~ionlimitsuslng d.ata from a continuous emissions 
monitoring system (CEMs )fgrCO. and carbon dioxide or oxygen 
required undertonditlon UL5.c,5 as follo'lls: 

(a) Daily average shaH be determined by calculating the arithmetic 
average of 'allapplicable hourly emission rates for a calendar 
day. 

(b) The hourly emission rate shall be calculated by combj~ing the 
CO concentrationahd.diluentconcentration (in %02 or % 
C02) measu~ement tonsistent vvjth the. procedures specified 
in 40 CFR Part 75 Appe~di)( F.' The ~nversion factor,' (k). 
shall be 0,7266 )(10-7 lb CO/ft3- ppm. 

(c) The annual emission limit Inlll.a.(4) shall be calculated using 
and totally the hourly c::alculated emission rate, [so 285.6!){3). 
Wis. Siats.]·· . 

(6) The permittee shall keep track of the startup and shut down 
time by monitoring>the fuel cQrnbustedin the turbine. Startup 
periods begin with the firing of any fuel in the combustion turbine, 
and .end with the introduction ofsyngas to the combustion turbine: 
Shutdown periods begin with' the cessation of syngas ·f1ow to the 
combustion turbine. and end with the cessation of all fuel firing. [so 
285,65(3). Wis. Stats,] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Carbon Monoxide Emissions: 
Whenever compliance emission testing is required, test procedures in 
US EPA Method 10 oran alternative method approved in writing by 
the department. shall be used to demonstrate compliance. [5. NR 
439,06(4). Wis. Adm. Code] 

(2) During operation, the facility will monitor and. record the follOwing 
operating parameters on an ho~rly basis: 
(a) Combustionturbinj3 kHet temperature 
(b) Combustion turbine firing temperature 
(c) Combustion turbine exhaust temperature 
(d) Coal flow rate 
[s. 285.65(10), Wis. Stats.} 

(3) During initial performance testing, the permittee sha\!perform 
simultaneous monitoring of the parameters identified in condition 
LlI.5,c.(2) to establish normal operational ranges for use as a 
compliance demonstration. [s, 285.65(10), Wis. Stats.] 

(4) The permittee sllall install, calibrate, and. maintain instrumentation 
to monitor the parameters identified by condition 1.11. '1.c.(3)a, - d. [so 
285.65(3), Wis~ Stats., s. 285.65(10). Wis. Stats.] 

(5) The permittee shaH instal! and operate continuous emissions 
monitoring system (CEMs) for CO and carbon dioxide or oxygen wi.thin 
60 days after initial start up of IGCC. The CEMs shall be calibrated 
within 90 days after initial start up of thelGCe. Continuous emissions 
monitoring systems shall be instaHed and op~rated in accordance. with 
40 CFR Part 75 and s. NR 439.06(6)(b), Wis. Adm. Code 
requirements. [so 285.65(3), Wis, Stats., s. NR 439.06, Wis. Adm. 
Code] 

(6) Continuous emission monitoring methods and procedures shall 
comply with the requirements of s. NR 439.09, Wis. Adm. Code. [5. 
NR 439.09, Wis. Adm. Code] 

(7) The permittee shall keep records required under condition 
LlI.5.b.(5)(b), (c) and 1.I1.5.b.(6). [so 285.65(~), Wis. Stats.] 

361f theSbmplian~~ ~Jl)ISsiqn tests cannot be conducted within 180 days after the startof initial operation, the permit holder may 
request and theDepartmentrriay approve, in writing, an extension of lime to conduct the testes); 
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a. Limitations: (1) 0.0017 pound per million Btu heat input excluding periods of startup and shut down averaged over any consecutive 24-
nourperiod.Stqrtup periods begin with the firing of any fuel in the combustion turbine. and end with the introduction of syngas to the 
cQrnbustion turbine;$hutdown periodsbeg!n with thecessatJon ofsyngas flow to the combustion turbine,. and end with the cessation of all 
fuel>fl!·ing. (LAER);(2)3.64 pounds per hour excluding periods of startup and shut down, averaged over any consecutive 24~hourperiod. 
(LAER); (3) 16.93 tons in any 12 consecutive months for all periods, inc!udingstartup and shut down. (LAER); (4) The useDf good 

. combustion practices. (LAER) [5. NR 408.08(2). Wis, Adm. Code, s. 285.65(3), Wis. Stats., s. 285.65(7). Wis. Stats] 

b, Compliance Demonstration: 

(1) Initial compliance emission tests shall be .conducted within 180 
days after the start of operation of the process to show compliance 
with the emission Hmitation.37 [so NR 439.07, Wis. Adm.·CodeJ 

(2) The permittee shall perform the compliance emission tests 
required under condition LlI.6.b.(1) every 24 months from the date 
of the last stack test as long as the permit remains valid, [s, 
285,65(3), Wis. Stats., s. 285~65(10). Wis. Slats.] . 

(3) Volatile Organic Compound Emissions shall be controlled 
using good combustion practices to meet LAER emission limit. [ s, 
NR 408.08(2), Wis, Adm. Code] 

(4), The permittee shall'cfemonstrate. compliance with the LAER 
Hmitby; (8) monitorfngappropriatecombustion operating 
parameters or (b)thr()ughthe use of a CO CEMs. [s, 285.65(3), 
Wis. Stats., s, 285.65(10), Wis, Stats.} 

(5)COe!])issio.n~ da~a measured by the CEM system sl1all be 
used todemonstrate'cqmpHance with the LAER emission limit by 
using the following equation to keep daily, monthly and annual 
VOC ,emiSSions records: 

VOCactual= VOC·limit X (CO actual/CO limit) 

[5:285;65(3), Wis Stats., s. 285.65(10), Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for vac Emissions; Whenever compliance 
emission testing is required, test procedures in US EPAMethod250r 
18 or an altemative method approved in writing by the department, 
shall be used to demonstrate compliance. [S, NR 439.06(1). Wis. 
Adm. Code] 

(2) During operation, the facility will monitor and record the following 
operating parameters on an hour~y basis: 
(a) Combustion turbine inlet temperature 
(b) Combustion turbine firing temperature 
( c) Combustion turbine exhaust temperature 
(d) Coal flow rate 
[s, 285,65(10), Wis; Stats.] 

(3) During initial performance testing, the permittee shallperforrn 
simultaneous monitoring ofthe parametersldentifi~d in CQnditioh 
UL5.c,(2) to establish normal operational ranges for use as a 
compliance demonstration. [5. 285.65(10), Wis. Stats.] 

(4) The permittee shan install, calibrate,andmaintain i~strumept~ti()n 
to monitor the parameters identified by condition UI.5~c.(3)a. -' b. [s,· 
285,65(3), Wis. Stats .. s. 285.65{1 0), Wis. Stats.]. 

(5) The permittee shall install and operate continuous emissions 
monitoring system (CEMs) for CO and carbon dioxide or oxygen within 
60 days after !rlitial start up of IGCC. The CEMsshall becalibrate(j. 
within 90 days after initial start up of the IGCe,Continuous emissiorts 
monitoring systems shall be installed and operated in accordance with 
40 CFR Part 75 ands. NR 439.06(6)(b), Wis, Adm. Code 
requirements, [so 285.65(3), Wis, Stats.,s. NR439,06, Wis. Adm. 
Code] 

(6) Continuous emission monitoring methods and procedures shall 
comply with the requirements of s. NR 439,09, Wis. Adm. Code. [so 
NR 439.09, Wis. Adm. COde] 

(7) The permittee shall keep records requked under condition 
LlI.6.b.(5). [so 285;65(3}. Wis.Stats.] 

37 If the compliance emission tests cannol be conducted wlthin180 days after the slartof initial operalkm, the permit holder may 
re(,Jll8st and the Department may approve. in writing. an extenSion of time to conduct the test(s). 
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a. Limitations:(1)The emissions may not exceed 0~0000257 pound per million Btu including startup and shut down. (BACT); (2) The lise of 
good combustion practices. (BACT) [5. NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis, Stats., s. 285.65(7), Wis, Stats,} ,: 

b. Compliance Demonstration: 

(1) Initial compliance emission tests shall be conducted within 1 &0 
days afterthestartofoperatfpn ofthe process to show complii:mce 
with the emission Iiniitation.38 [so NR4:39;07, Wis. Adm, Code] 

(2) Thepermjtt~e shaliperform the compliance emission tests 
required under condition 1.11.7 .b.( 1) every 24 months from the date 
of the last stack: test as long as the permit remains valid. [8, 
285,65(3), Wis; StatS.is. 285;65(tO}. Wis, Stats.) 

(3) Lead Emissions shall be controlled using good combustion 
practices and firing syngasas the primary fuel with 0.003% low 
sulfur fuel for startup to meelBACT emission limit [s. NR 
405.08(2) •. Wis>Adm, Code] 

(4). The permittee shall demonstrate compliance with the BACT 
limit by complying with the conditions in LlI.1.b. [so 285.65(3), Wis. 
Stats.; s, 285,6~(1 0). Wis, Stats,] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Lead Emissions: Whenever 
compliance emission.testlng is required, test procedures in US EPA 
Method 12; or an alternative method approyed in writing by the 
department, shall be used to den10nstratecompliance, .ls. NR 
439~06(8). Wis, Adm, Code] 

38 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation, the permit holder may 
reql"lest and the Department may approve, In writing, an extension of time to conduct the tesl{s)~ 
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e, Limitations: (1) The emissions may not exceed 0, 561bltrilllon Btu based on a 12M month roHing average induding startup and shut down, 
(BACT): (2) The use of carbon bed or equivalent control technology capable of achieving 95% control of mercury emissions. (BACT) [s, NR 
405,08(2), Wis. Adm. Code, s. 285,65(3), Wis. Stats., s. 285,65(7), Wis. Stats] See Note 1 

b. Compliance Demonstration: 

(1)·lnitial compliance emission tests shall be conducted within 180 
days after the start of operation of the process to sbow compliance 
with the emission limitation. 39 [so NR 439.07. Wis. Adm. Code] 

(2) The permittee shall perform the C'.ompliance emission tests 
required under condition UL8.b.(1) every 24 months from the date 
of the last stack test as long as the permit remains valid. [s, 
285.65(3). Wis, Stats., s. 285.65(10). Wis. Stats.] 

(3) Mercury Emissions shall be controlled using Carbon bed or 
filter containing similar material in the synthetic gas specifically 
designed to control emissions of mercury C'.ontained in the fuel 
supply or such requirement for the effective control of mercury 
emissions as may be promulgated by USEPA as the MACT 
standard applicable to new stationary combustion turbines of an 
IGCCfacility to meet BACT emission limit. [s. NR 405.08(2). Wis. 
Adm. Code} 

(4) The permittee shall provide the following information to the 
Department at least four months prior to the expiration of the 
construction permit: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the c?rbon bed and (b) A list of items that will be checked 
and maintained and their frequency, to ensure that the carbon bed 
system is operating properly. This information will be used by the 
Department to establish appropriate permit conditions in the 
operation pemlit. [so 285.65(3), Wis. Stats., s, 285.65(10), Wis. 
Stats,) 

(5) The permittee shall monitor uncontrolled mercury emissions 
through coal sampling and analysis, Such testing occur on a 
monthly basis according to the relevant provisions of s. NR 439,08, 
Wis. Adm. Code as applied to mercury content In the coal. The 
permittee shall also monitor monthly average coal higher heating 
value. [5, NR 405.08, Wis. Adm. Code] 

c. Test Methods, Recordkeeping, (;)nd Monitoring: 

(1) Reference Test Metliodfor Mercury Emissions: Whenever 
compliance emission testing is requlted,test procedures In US EPA 
Method 29 or an alternative method approved in writing by the 
department, shall be used to demonstrate compliance, [so NR 
439.06(1), Wis. Adm. Code] 

(2) The permittee shaH record infomlatlon on .the maintenance 
required in condition 1.1I,8.b,( 4). [s, NR 439.04( 1 )(a)6. Wis. Adm, 
Code] 

(3) The data obtained form the mercury content from the coal 
samp!1ng and analysis shall be kept at the facility for a period oHive 
years, [so 285,65(3), Wis. Stats,] 

Note 1: The BACT Umit for Mercury is based on uncontrolled mercury emiSSions of '11.2 pounds per trillion Btu and a 
control efficiency of 95%, 

39 If lhe compliance emission tests cannot be conducted within 180 days after the start of initial operation, the permit holder may 
request and the Department may approve. in writing, an extension of time to conduct the lest(s), 
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3. Limitations=20%Clpacity: [So NR 431.05, Wis. Adm. Code] 

b. Compliance Demo,nstr~tiort: 

(1) Opacity shall' be ~ntrQBedusing goodcombustibn practices. 
[ s. 285.65(3),Wis;Stats.Y, 

(2) Thec9rpplianced~rnbn~trationmethods identifiedinL it 1.b: 
shall be used t9. d~mo~~tratecompllance with the visible emission 
limit. (s~ 285,65(3),Wis,Stats:] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1 ) Reference Test Method for Visible Emissibns:Whenever 
cornpliance emission testing is required, US EPA Method 9 or 
Reference Method 22 of Appendix A, 40 eFR Part 60 shaU .be used 
to demonstrate compliance or an altemative method approved in 
writing by the department,shafl be used to demonstrate compliance. 
[5. NR 439.06(9)(8)1., Wis. Adm. Code] 

(2) The permittee shall install, cc:lIibrate, maintain and operate a 
continuous monitoring system, and record the output to the system, 
for measuring the opacity of emissions discharged to the 
atmosphere. [so 28S.65{1 0), Wis. Stats.] 

(3) Continuous opaclty monitoring . methods and procedures shall 
comply with the requirements ofs. NR 439.09, Wis. Adm. Code .. [So 
NR 439.09, Wis. Adm. Code] 
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a. limitations: (1) The permittee shall use syngas cleanup system and use good combustion practices to meet case by case MACT for 
inorganic solid HAPs; (2) The permittee shall use syngas cleanup system and good combustion practices to comply with the case by case 
MACT l.imfts for inorganic acid HAPs; (3) The permittee shall comply with good combustion practices and meet the VOC emission limits to' 
comply with case by case MACTfor organic HAPs. [so 285.65(13), Wis. Stats., s. 285.65(3), Wis. Stats., 40 CFR Part 63. Subpart B) 

(1) The inorganic so!idHAPs,acldgas HAPs and organiC HAPs 
shallpecontrolled using.a syngas clean up system and good 
combustion practices. [so 285.65(3), Wis. Stats.] 

(2) Th~ compHancedemonstration methods in 1.!1.1.b., U!.3.b., 
I ;11,6:b.;shall be used ascompHance demqnstration techniques for 
inorganic solid HAPs;ihorganicacid HAPs, and organiC HAPs. [so 
285;65{3), Wis. Stats., s.285.65(10). Wis, Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for organic HAPs Emissions; inorganic 
solid HAPs, and inorganic acid HAPs: Whenever compliance 
emission testing is required an alternate method approved in writing 
by the Department shall be used to demonstrate compliance. [s. NR 
439,06(8). Wis. Adm. Code] 

(2) The testing. recordkeeping and monitoring reqlJirement~ 
contained in Lil. 1.c .. 1.I1.3.c. shall be used as compliance methods for 
UL10.b.(2), [so 285.65(3), Wis. Stats., s. 285.65(10), Wis. Stats.] 
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Limitations: (1) The emissions may not exceed 0.0005 pound per million Btu, based on a 3-hour avei'ageincluding startup and shut down. 
(BACT); (2)Th~ use of gas dean up system. (BACT) [5. NR 405.08(2), Wis. Adm. CadEl, s. 285,65(3), Wis, Stats., s. 285.65(7). Wis. Stats.] 

b. Comp1ianc~pe,m9nst~atjon: 

(1) (1) Initialcorhpli@nc~.erni~si6n tests shall be. conduded within 
180 days after the stai't of operaUon of trie process to show 
compliance With.theell1ission Iimitati()nAO [s, NR 439.07; Wis. 
Adm.Cbd~ . 

(2) The permittee shall perform the compliance emission tests 
req\JirediJnder condition LIL1:1.b.(1) every 24 months from the 
date of the last ~taCktest asking as the permitremainsvalid. [5. 
285.65(3), Wis.;Stats.,s; 285.65(10), Wis. Slats.] 

(3) Sulfuric acid: mislemissions shaH be controlled by a ga$ clean 
up system, [5. NR 405.08(2), Wis. Adm; Code] 

(4) The compliahcedemonstration method identified in sectlon 
1.11.3.b, shelH. be ;U!~ed a$col1'lpliance demonstration techniques for 
sulfuric acidmistemtssionlimitation; [s.285.65(3). Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Sulfur Acid Mist Emissions: Whenever 
compliance emission testing is required, US EPA Method 8 shall be 
used to demonstrate compli(lnce or an alternative method approved in 
writing by the department, shaH be used to demonstrate compliance. 
[5. NR 439.06(8), Wis. Adm. Code] 

.::.., .. - '-' .. ".- . . 
40lftne compliance emission tests cannot be conducted within 18Qdaysafterthe start of initial operation, the permit holder may 
request and the Department may approve, In wrlting,an extension of time to conduCt Ihe·tesl(s); 
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a •. ~imitatio~s: (1) The emissions may not exceed 4.0 pounds per tons of 100% sulfuric acid produced, (BACT); (2) The use of a dual 
absorptionp!a~tar'ld fiber mist eliminators to meet BACT limits, [s.NR 405,08(2), Wis. Adm, Code, s. NR 440.24(3), Wis. Adm. Code, s, 
289.6$(3), Wl$.$tats., s. 285,65(7). Wis. Stats.] See Note 1 

b. Complial}<;e Demonstration: 

(1}lnitialcompliance emission tests shall be conducted within 180 
days after the sta('tof operation of the process to show compliance 
with the emission IimitatlonA1 [so NR 439.07, Wis, Adm. Code] 

(2) The permittee shall perform the compliance emission tests 
required under condition l.JJ .1.b.{ 1) every 24 months from the date 
of the last stack test as long as the permit remains valid. [so 
285,65(3), Wis. Stats., s. 285.65(10), Wis. Stats.] 

(3) Stack Parameters These requirements are included because 
the source was reviewed with these stack parameters and it was 
determined that no increments or ambient air quality standards will 
be violated when constructed as proposed. 

(a) The stack height shall be at least '150.0 feet above ground 
~veL[s, 285,65(3). Wis. Stats., s. NR 406.10, Wis. Adm. Code] 

(b).T.h~st?cklnsidediarneter at the outlet may not exceed 3.5 
eel. [so 285.65(3), Wis, Stats., s. NR406.10, Wis. Adm. Code] 

(4) The permittee shall control SUlfur dioxide emissions H,rough the 
use ofa dual absorption plan and fiber mist eliminator. [so NR 
405.08(2}, Wis. Adm. Codel 

(5) The permittee shall provide the follOWing information to the 
Department atleast four months prior to the expiration of the 
construction permit: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the fiber mist eliminator and (b) A list of items that will be 
checked and maintained and their frequency, to ensure that the 
dua!absorption plan and fiber mist eliminator is operating properly, 
Thisinformatlon will be Llsed by the Department to establish 

appropriate permit conditions in the operation permit. [so 285,65(3), 
Wis.Stats., s, 285.65(10), Wis. Stats.] 

c. ~est Methods, Recordkeeping. and Monitoring: 

( 1) Reference Test Method for Sulfur Dioxide Emissions: Whenever 
compliance emission testing is required, US EPA Method 6, 6A, 6C 
or an alternative method approved in writihg by the department shall 
be used to demonstrate compliance. [so NR 439.06(2); Wis. Adm. 
Code] 

(2) The permitteeshali record information on the maintenance 
required in condition I.JJ.1.b.(5). [so NR 439.04(1 )(a)6, Wis. Adm. 
Code] 

(3) The permittee shaH install ahd operate continuous emissions 
monitoring system (CEMs) for sulfur dioxide within 60 days after initial 
start up of the sulfuric acid plant. The CEMs shall be calibrated within 
90 days after initial start up of the sulfuric: acid plant. Continuous 
emissions monitoring systems shall be installed and operated in 
accordance with 40 CFR Part 60 and s. NR 439.06(6)(b), Wis. Adm, 
Code requirements. A copy of s. NR 440.24, Wis. Adm. Code 
requirements attached with the permit. [5. 285.65(3), Wis. Stats., S. 
NR 440,24(5). Wis. Adm. Code, s. NR 439.06, Wis, Adm. Code] 

(4) Continuous emiSsion monitoring methods and procedures shall 
comply with the requirements of s. NR 440.24(5) and (6), Wis. Adm, 
Code and s. NR 439.09, Wis, Adm. Code. A copy ofs. NR 440.24, 
Wis. Adm. Code requirements attached WIth the permit. [s, NR439.09, 
Wis. Adm. Code, s. 285.65(3}, Wis. Stats.} 

(5) The permittee shall keep and maintain on site technical drawings, 
blueprints or equivalent records of the physical stack parameters. [so 
NR 43H.04(1)(d), Wis, Adm. Code] 

Note 1: The sulfuric acid plant is subject to New Source Performance Standards (NSPS) for sulfur dioxide. The sulfur 
dioxide emissions limit to not exceed 4.0 pounds per tons 100% sulfuric acid produced per s. NR 440.24(3), Wis. 
Adm, Code. The sulfuric acid plant is expected to comply with the sulfur dioxide emission limits under NSPS. 

41 If the compliance emission tests cannot be conducted within 180 days atter the start oflnitial operation, the permit holder may 
request and the Department may approve. in writing, an extension or time to conducllhe lesl(s), -
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a. Limitations: (1) The emissions may not exceed 0.128 pounds per tons. (BACT).: (2) The use of a dual absorption plant and fiber mist 
eliminators to meettheBACT limits. [so NR 405.08(2), Wis. Adm. Code, s. NR 440.24(4)(a), Wis. Adm. Code, s. 285.65(3). Wis. Stats.,.s. 
285.65(7), Wis.:Stats.] See Note 1 

b .. Complianc~Dem()n~~ration: 

(1) Initial compl\~nAe ef,Tlission tests shall be conducted within 180 
days after th~ s~artof operatlor'lof the process to show compliance 
with the emissiorHimitatlon.42. [s, NR 439.07, Wis. Adm. Code] 

(2) The permittee sl1aHperform the compliance emission tests 
required under condition I.JJ,Z.b;(1 ) every 24 months from the date 
of the last stack test as long as the permit remains valid. [s~ 
285.65(3), Wis.:Stats., s. 285.65(10), Wis; Stats.] 

(3)The permitteeshtlll coiltrolsulfuric acid mist emissions through 
the use of a du~1 absorption plan and fiber mist eliminator. [5. NR 
405.08(2), Wis. :Adrit Code] 

(4) The permittQe shall provide the following information to the 
Department at least four months prior to the expiration of the 
construction permit: (a) A copy of the original equipment 
maoufacturer (QEM) procedures that should be followed to 
maintain the fiber mist eliminator and (b)A list of items that will be 
checked and maintained and their frequency, to ensure that the 
dual absorption:plan and fiber mist eliminator is operating properly. 
This information will be used by the Department to establish 

appropriate permit conditions in theoperatlon permit. [5, 28S.65(3); 
Wis. St~ltS., 5, 285.65(,10), Wis. Stats.} 

(5) The permittQe shall determine compliance with sulfuric acid 
emission limits per test metbods and procedures identified in s. NR 
440.24(6)(b), Wis. Adm, Code, A copy of these requirements 
attached with th,e permit [so 285,65(3), Wis. Stats,] 

c, Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Sulfuric ACid Mist Emissions: 
Whenever compliance emission testing is required, US EPA Method 
8 oran alternative method approved in writing by the department shall 
be used to demonstrate compliance. [5, NR 439.06(8). Wis. Adm. 
Code] 

(2) The permittee shall record information on the maintenance 
required in condition I.JJ,2.b.(4), [so NR 439.04(1 )(a)(?, Wis. Adm. 
Code] . 

Note 1: The sulfuric add plant is subject to New Source Performance Standards (NSPS) for sulfuric acid mist 
emiSSions. The sulfuric acid mist emissions limit to not exceed 0.15 pounds per tons 100% sulfuric add produced per 
s. NR~440.24( 4 )(3), Wis .. Adm. Code. The BACT limit for sulfuric acid mist is more restrictive tl1en the NSPS limit for 
sulfuric acid mist. The sulfuric acid plant is expected to meet the NSPS limit for sulfuric acid mist. 

42 If the compliance emission tests cannot be conducled within 180 days after the start of initial operation, the permit holder may 
request and the Department may approve, in writing, an extension of time to conduct the test(s), 
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a. Limitations: '10% opacity [5. NR 405.09, Wis. Adm. Code, s. NR 440.24(4)(a). Wis. Adm, Code, S. NR 431.05, Wls. Adm, Code, s. 
285.65(13), Wis. Stats.] 

b. Compliance Demonstration: 

(1) Cornplicmce emission tests to demonstrate compliance INith the 
yisible:eniission limit shall be conducted within 60 days after the 
$tariof the initial operation. [so 285.65(3), Wis. Stats.] 

(2) The permittee shall determine compliance with visible emission 
limits per test methods and procedures identified in s. NR 
440.24(6}(b)4 .• Wis .. Adm. Code. A copy of these requirements 
attached.with the permit. [5. 285.65(3). Wis. Stats.] 

c. Test Methods, Record~eeping, and Monitoring: 

(1) Reference Test Method for Visible Emissions: Whenever 
compliance emission testing is required, US EPA rv1ethod9 shall be 
used to demonstrate compliance or an alternative method approved 
in writing by the department shall be used to demonstrate 
compliance. [so NR 439.06(9Xa)1 .. Wis. Adm. Code] 
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a. Limitations: (1 )The u~e of good flare design and limiting number of startup and shut down cycles to 3,5 per 12 contiguous month period 
to meet BACT. : [so NR 405.08(2), Wis. Adm. Code. s. 285.65(3), Wis. Stats., s. 285.65(7), Wis. Stats] 

b. Complianc~Dem()r,stration: 

(1) Stack Parame~er~~ T~eser~q~irements are included because 
th~ source w~s'~n~Y'~VV~dWl.tHth~sestackparamete~ and it was 
deterfTlined.th(:}rn()!fl~r~~l~.l'1t~or ambient air qU;3lity standardswiU 
be vio!atecl. wh~n CClI1S~l'Uct~(lC\s prol?osed.' , 

, , 

(a) The stack heightsh~Ubeat least 150.0 feet above ground 
level. [s, 285:6?(?)"WiS.§l?t~~,.~, ~R406.1 0, Wis. Adm. Code] 

(b) Thesta9k (ns!de diameter at the outlet may not exceed 6.0 
feet. [s, 285.'65(,3);Stats~. s.NR 406.10, Wis.Adm. Code} 

(2) The flare shpll be operated atal! times when the IGCC unit is 
operating. [5. 2~5.65(3), Wis. Stats.] 

(3) The permitt~esha!llimit the number of startup and shut down 
cycles to 35 per 12 contiguous month period. [so NR 405.08(2). 
Wis. Adm. Cod~] 

(4) The permittee shall Install and operate a temperature 
monltoring and :continuous recording system to 'ensure that the 
flare is operating. [5. NR 405.08, Wis. Adm. Code, s. 285.65(3), 
Wis.Stats.] : 

c. Test Methods, Recordkeeping, a~d Monitoring: 
I 

(1) The permitte~ s~all, retain on site technical drawings, blueprints or 
equivalent retordsofthe physiCal stack parameters. is. NR 
439.04(1)(d), Wis. Adrr1.Code] 

(2) The permittee shall record the number of startup and shut downs 
to demonstrate compliance 'Mthcondition LKK.1.b.(3). [so NR 
439.06(1). Wis. Adm. Code, s. 285.65(3), Wis. Stats.] I 

(3) The permittee shall record date and tinw the flare was inoperable 
for each event thenare was inoperable. [5. 285.65(3), Wis. Stats,] 
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a .. Limitations: 0% opacity or number 1 on the Ringlemann chart. See Note 1 [5. NR 431.05, Wis. Adm, Code, s. NR 405.08, Wis. Adm. 
Code,s, 285.65{t3), Wis. Stats., s. NR440.18(3}(a), Wis. Adm. Code] . 

b. Compliance Demonstration: 

(1)Cornpliance erryission tests to demonstrate compliance with the 
visible emission limit shall be conducted witbin 180 days after the 
start of the initial operation. [so 285.65(3). Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method. for Visible Emissions: Whenever 
compliance emission testing is required, US EPA M~thod 9 shaH be 
used to demonstrate compliance or an alternative method approved 
in writIng by the departrileht shall be used to demonstrate 
compliance. [s. NR439.06(9)(a)1 .• Wis. Adm. Code] 

Note 1: S~ NR 440.1 8(3)(a), Wis. Adm. Code requires flares to be designed and operated with no visible emissions 
as determined by the methods specified in s. NR 440.18(6), Wis. Adm. Code except for periods notJo exceed a total 
of five minutes during any 2 consecutive hours. 
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b. Umitations::(t)Th~ ellli~slons may not exceed 0,007 pound per million Btu when firing natural gas. (BACT); (2)The emissions may 'not 
exceed,O:020po.lJf"l9 per miHion Btu when firing fuel aU having amaximym sulfur content of 0.003% by weight (BACT); (3) The use of 
good combustiqr) pr?ctice:s. (BACT); (4) The total heat input may not exceed 198,000 mm8tu in any 12 consecutive' months, of which no 
more than ;49,500 mmBtu may be from the combustion of fuel oil in any '12 consecutive months. [so NR 405.08(2), Wis. Adm. Code, s. 
NR440.2~7(4) (c),'wls,Adm. Code, s, 285.65(3), Wis. Stats., s. 285,65(7), Wis. Stats.] See Note 1 

b. complianc~:Oem~ri$i(aiion: 
1.::,',::; .. ..... . ' . " 

(1) Initialco~1'plianS~~.I)11~$i.onte:sts sh~'1 becondl,Jcte:d wi.thin, '180: 
days after the~tarJ9t{)per$ti()I10flhe: .process to $ho\l\l oompli(lnce 
with ttwemissi?nlirYlit~:ti().nA3I~. NR 439.07, Wis, Adm. Code] 

(2) The permittee shall determihe the hourly emiSSions using fuel 
consumption recor9~!3ndEfl1)jS§ionsJactor det~rmioed by stack 
testing,[s. 285,J;}Q(3).Wis; ?~ats,] 

(3) Stack Parameters Jhese requirements are included'because 
the sourcewa!i:Jevi~W'e~Lyvltl1 tl1~Se stack parameters and itwas 
deterrninedthtitfl9.incrrrnents oramblent air quality standards wiH 
be vIolated when constructed as proposed. 

(a) The stackhelgnt~hal!be at least t40.0feet above ground 
eveL [5. 285.65(3), Wis.$lats., s, NR406.1Q,Wis, A(jmCodeJ 

(b) The stack inside diameter at the oLitlet may not exceed 4.0 
eet [so 285.65(;3),\lVis. Stats"s. NR 406, 10,.VYis. Adm. Code] 

(4) The permittee shall fire natural gas andJor fuclail tlaving a 
maximum sUlfu'r content of 0.003% by weight. This condition is 
established to r:neet BACT emission limit. [s. NR 405.08(2), WIs. 
Adm. Code] 

(5) The permittee shall provide the following information to the 
Department at loast four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustion prc,ctices: (a) A copy of the origJnal equipment 
manufacturer (OEM) procedures that should befoltowed to 
maintain the bolter and (b) A list of Items that\lviH be checked and 
maintained and theirfrequency, to ensure that the boller is 
operating properly. This' information will be used by the 
Department to establish' appropriate permit conditions in the 
operation perm·it. [$. 285.65(3), Wis.Stats., s. 285.65(10), Wis. 
Slats.J 

(6) The permittee shall keep daily records of the type and amount 
of fuel fireq in the boiler and,shall calculate heat input to the unit on 
a daily basis. The heat input used records shall be compiled on ,an 
annual basis to sholN compliance withlL1.1 ~a~(4). [5. 285;65(3), . 
Wis, Stats.] . 

c .. Test Methods, Recordkeeping,and Monitoring; 

(1) Reference Test. Method for Particulate Matter Emissions: 
Whenever corl1piia!lceemission testing is required, test procedures in 
40 CFR 60 and US EPA Method 5, induding backhalf (Method 202) 
shall be used todemonstrate compliance or an alternate method 
approved in writing,.by.th~Department. shall be used. [a, NR 
439.06(1), Wis. Adm. Code] 

(2) The permittee shall keep and maintain on site techhicaldrawings, 
blueprints or eqIJivalent records of the physical stack. parameters.' {so 
NR 439.04(1)(d). Wis. Adm,Code] 

(3) The permittee shall keep records on the heat input used as 
required incofldition LLL.1 :b,(13), [s, 285,65(10). Wis, stats., s. 
285.65(3), Wis:Stats.] 

(4 )Thepermittee shall keep retain on site, plans and specifications . 
that i~dlsate t~e process's fuel design capabilities, [so NR 
439,04(1 )(d); Wis, Adm; Code] 

(5) Th.e perrnittee shall record information on the maintenance 
required inconditionI.LL1.b.(5). [so NR4~9.04(1)(a)6,Wis. Adm, 
Code} 

Note:1: The IGee auxiliary boiler is subject to NSPS requirements for particulate matter (PM) under s. NR 
440.~07(4)(c), Wis. Adm. Code .. The only New Source Performance Standards (NSPS) standard that will be 
applicabletothe boHerfor PM is in the form of an opacity standard when fuel oil is firedper s. NR 44Q,207(4)(c), Wis. 
Adm. Code. 

43 if tho compliance emission tests cannol be conducted within 180 days after the start of initial operation, the permit holder may 
reque;S1 and the Department may approve . in writing ,an extension .of lime to conduct the test( s). 
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LimitaUon!i: (1) The emissions may not exceed 0.007 pound per million Btu ,,\!hen firing natureil gas. (BACT); (2) The emissions may not 
exceedO.O~O pound per million Btuw/len firing fuel 011 having a maximum sulfur content of O~003% by weight (BACT); (3) The use of good 
comblisuory . practices. (BACT); (4) The total heat input may not exceed 198,000 mniBtu in any 12 consecutive mont,hs, of Which no more 
than 49,500 mmBtu may be from the combustion of fuel oil in any 12 consecutive months. [s, NR 40S.08(2}, Wis, Adm. Code, s. 28S.65(3), 
Wis. Stats., s. 285.65(7), Wis. Stats.] 

b. Compliance Demonstration: 

(1) In!tialcompliance emission tests shan beconducted within 180 
days ~ft~(thf;;.startof operation orthe process to show compliance 
with'the~mission Iimitation.44 [so NR 439.07, Wis. Adm. Code] 

(2)Thepermitteeshall.determine the hourly emissions using fuel 
consumption records and emissions factor determined by stack 
testing. [5. 285.65(3), Wis. Stats.] 

(3)~~~~kPar ........ ' These requlrem~nts arsineluded because 
thesource asreviewed\viththese stack parameters and it was 
determined that no increments or arnbient air quality· standards wtll 
be violated whf3nconstrutted as proposed. 

(a) The stack height shall be at least 140 feet above ground 
eve/. [8.285,65(3), Wis, Stats" s. NR 406,10, Wis. Adm. Code} 

(b) T~.e~t?ck ihside diameter?fthebutlet may not exceed 4.0 
eel, [s. 285.65(3), Wis. Stats" s, NR 406,10, Wis, Adm. Code] 

(4) Theperf[littee s~a!l fire natural gas. and/or fuel having a 
m~.xjmllrnJ;lIlfllr comentof 0,003% byweighL This condition is 
establlshedtomeet BACT emission limit [5. NR 405.08(2), Wis. 
Adm, Code, s. 285.65(3), Wis. Stats.1 

(5) The permittee shall provide the follo\t\~ng information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustion practices: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the boiler; and (b) A list of items that will be checked and 
maintainedahd their frequency, to ensure that boiler is operating 
properly, This information will be used by the Department to 
establish appropriate permit conditions in the operation permit. [so 
285.65(3). Wis. Stats.,s. 285.65(10), Wis, Stats.] 

(6) The permittee shall keep daily records of the type and amount 
of fuel fired in the boiler and shall calculate heat input to the unit on 
a daily basis. The heat input used records shall be compiled on an 
annual baSis to show compliance with I.LL.2,a. (4). [s. 285.65(3), 
Wis,Stats.] 

c. Test Methods, Recordkeeping j and Monitoring: 

(1). Reference Test Method for Particulate Matter Emissions: 
Whenever compliance emission testing is required, US EPA Method 
5, including backhalf(Method 202) shall be used to demonstrate 
compliance or an alternate method approved in writing by the 
Department, shall be used. [5. NR 439.06( 1). Wis. Adm, Code] 

(2) The permittee shall keep and maintain on site technical drawings, 
blueprints or equivalent records of the physical stack parameters. [5. 
NR 439.04(1)(d), Wis, Adm. Code] 

(3) The permittee shall keep records on the heat input used as 
required in condition I.LL.2.b:(6), [5. 285.65(10), Wis.Stats., s. 
285,65(3), Wis, Stats.] 

(4) The permittee shall keep retain on siter.plans and specifications 
that indicate the process's fuel design capabilities, [s.NR 
439.04{1 )(d), Wis. Adm, Code] 

(5) The permittee shall record information· on the maintenance 
required in condition LLL.2;b.(5), [s, NR 439.04(1){a)6, Wis. Adm, 
Code] 

44 If the compliance emission tests cannot be conducted within 180 days after the start of initial operation. the permit holder may 
request and the Department may approve, in writing, an extension of time to conduct ttle test(s) 
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a. Limitations: (1) Th9.emissfons may hot exceed 0.0012 pound per million Btu wheh firing natural gas. (BACT); (2) The emissions may 
not exceed 0.0032 poun~pe:r million Btu when firing fuel :oil having a maximum sulfur content of 0.003% by weight. (BACT): (3) The use of 
good combustion practices. (BACT): (4) Th~dotal heat input may not exceed 198,000 mmBtu in any 12 consecutivemonths, of which no 
more than 49,500 mmBtu may be from the combustionoffue! oil In any 12 co,nsecutive months. [so NR 405.08(2), Wis. Adm. Code, s. NR 
440.207(3)(d), Wis. Adm. Code, s. 285.65(3), Wis. Stats" s. 285.65(7), Wis. Stats.] See Note 1 . 

b. Compliance Demonstration: 

(1) The permittee, shall determine the hourly emissions using fuel 
consumption re~ordsi fuel sulfur content and vendor provided or 
AP-42 emission faCtors. [so 285.65(3), Wis. Stats.] 

(2)The permittee shaH fire natur~1 gas andior fuel oil having a 
maximum sulfur content of 0.003% by weight This condition is 
established to ITleet BACTemission limit [s. NR 40S.08(2), Wis; 
Adm. Code] I 

(3) The permittee shall provide the following information to the 
Departmentat least four months prior to the expiration of the 
construction. permit to demonstrate compliance with good 
combustion pra~tices:(a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the boiler; and (b) A list of items that wHlbe checked and 
maintained and; their frequency, to ensure that boiler is operating 
properly. This inforrration will be used by the Department to ' 
estabHshappropdate Permit oonditionsin the operation permit. [5. 
28S,65(3), Wis;:Stats" s. 285.6S(10), Wis.Stats.] 

(4) A representative sample shall be taken from each fuel lot of 
fuel oil received. The sample shall be analyzed by the permittee 
for the sulfur content by weight.llsing procedures outline in s. NR 
439.08(2), WIs. Adm. Code and'the analysis shall be retained by 
the permittee for a period of at least five years. [s, 285.65(3), Wis. 
Stats,] , 

(5) The Department ... Jill accept, in lieu of an analysis on each fuel 
lot under ( 4) above, an analysis of a representative sample of the 
fuel lot of distillate fuel oil from which the fuel lot was taken. [so 
285.65(3), Wis'iStats .• s. NR 440.207(5)(h), Wis, Adm. Code] 

c. Test Methods, Recordkeeping, and Monitpring: 

(1) Reference Test Method for Sulfur Dioxide Emissions; Whenever 
compliance emission testing is required, US EPA Method 6, 6A or BC 
shall be used to demonstrate compliance or an alternate method 
approved in writing by the Department, sliaH bf;: used. [so NR 
439.06(2). Wis, Adm. Code] 

(2) The permittee shall keep records on the heat input used as 
required in cpndltion LL1.3.b.(8). [s. 285.65(10), Wis, Stats., s. 
285,65(3), Wis~ Stats;] 

(3) The permittee shall keep retain on site. plans and specifications 
that indicate the process's fuel design capabilities. [so NR 
439.04(1){d), Wis. Adm. Code] 

(4) The permittee shall record information on the maintenance 
roquired. in condition I.LL3.b.(3), fs. NR439.04(1)(a)6, Wis. Adm. 
Code] 

(:5) The permittee shall keep retards required LInder condition 
I.LL3.b.(4) - (7). [s. NR 439,04(1 )(d), Wis. Adm., Code] 

(G) The permittee shall complywlth the NSPS reporting and 
n9cordkeeping requirements per s, NR 440.207(9), Wis. Adm. Code. 
PI copy of these requirements attached with the permit. [so 28S.65(3), 
Wis. Stat5.] 

('7) The permittee shaH keep records of the fuel supplier certification, 
The certification shall include the following information: 

1. For distillate oil: 

EI. The name of the oil supplier; and 

b. A statement from the oil supplier that the oil complies with the 
specification under the definition of distillate oil in S. NR 
440:207(2)(g). Wis. Adm, Code 

[5. 285.65(3), Wis.Stats., s. NR 440.207(9)(f), Wis, Adm. Code] 

Note ~: The New Source Performance Standard (NSPS) for sulfur dloxide in s. NR 440.207(3) (d), Wis. Adm, Code 
will be applicable to the IGeC auxiliary boiler only when fuel oii is fired and is O.SO pound per millio!, Btu heat input or 
combust oil having a sulfur content ofO.S percent by weight. The BACT emission limit for sulfur dioxide is more 
restrictive then the NSPS limit for sulfur dioxide. thus the IGCC auxiliary boiler is expected to meet the NSPS lirnit for 
sulfur'dioxide. 
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b. Compliance Demonstration: 

(6) The permittee shall retain copies of its distl!late fuel oil 
supplier's fuel sulfur and heat content analyses at the facility for 
each fuel lot of distillate fuel oil received pursuant to 40 CFR 
60.334 for a period Qf five years. [5, NR 439.04(2), Wis. Adm. 
Code, s. 285.65(3), Wis. Stats,] 

(7) The permittee shall further obtain certification from the fuel 
supplier thatthe applicable methods in s. NR 439.08(2), Wis. Adm, 
Code, were followed; if applicable, by the supplier in the 
preparation of said sulfur and heat content analyses. The fuel lot's 
quantltyof fuel oil shall be included with the copies of these 
analyses. The fuel supplier certification shall include the 
information identified in condition LlL3.c.(7). [8. 285.65(3), Wis. 
Stats.] 

(8) The permittee shall keep daily records oUhe type and amount 
of fuel fired in the boller and shall caleufate heat input to the unit on 
a dairy basis. The heat input used records shall be compiled on an 
annualbasi8 to show compliance with LLL3.a. (4). [so 285.65(3), 
Wis~Stats,] 

c. Test Methods, Recordkeeping, and Monitoring: 
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a. Limitations; (1) The emissions may not exceed 0<050 pound per fTIillionBtu when firing natural gas based on a 30-day rolling average. 
(BACT); (2) The emissions may not exceed 0.090 pound permilllon Btu when firing fue! oil having a maximum sulfur content of 0.003% by 
weighLoil based .on a 30., day rolling average. (BACT); (3) The use of good combustion practices. (BACT); (4) The total heat input may not 
exceed 198,000mfnBtudn any '12 consecutive months; ofwhich no more than 49,500 mmBtu may be from the combustion aHuel oil In any 
12 consecutiv~ m~qths, [s.NR 405;08(2), Wis. Adm. Code, s. NR 428.04(2)(a)2., and 3., Wis. Adm. Code. s. 285.65(3), Wis. Stats., s. 
285.65(7);Wis;!Stats.l.$eeNote 1 

b. ComplianCffDemonstration: 

(1) The permittees~alld~terminethe hourly emissions usrngJuel 
consumptionrepjrdandvendorS or AP-42 emission factors: [so 
285,6~(3); Wis;:Stats:] 

I 

(2) The permittee shall fire natural gas andlor fuel oil having a 
maximum sulfur contentofQ,003% by weight This condition is 
established to meet BACT emission limit [s. NR 405.08(2). Wis. 
Adm. Code] , 

(3) Thepermitt~eshaILprovidethe.fol!owing information to the 
Department at leastfollrmonths prior to the expirationofJhe 
construction permittodemonstrate compliance with gOOd 
combustion pra~ices: (a) A copy of the original equipment 
manufacturer (OEM)procedures:thatshoufd be foHowed to 
maintain the bOII(:r) and (b) A listof items that will be checked and 
maintained and their frequency, to ensure that boiler is operating 
properly. This inforrnationwm be used by the Department to 
establish appropriate permit conditionsih the operation permit. [so 
285,65(3). Wis.Stats., s, 285.65{10), Wis. Stats.] 

(4) The permittee shaH keep daily ~ecords·of the type and amount 
of fuel fired in the boiler and shall c!,!lculate heat input to the unit on 
a daily basIs. The heatinput used records shall be compiled on an 
annua! basis to'show compliance with I.LLA.a. (4). [so 285.65(3), 
Wis, Stats,] 

c. Test Methods, Recordke.eplng. and Monitoring: 

(1) Reference Test Method for Nitrogen Oxide Emissions: Whenever 
compliance emission testing is required, test procedures in 40 CFR 
60, US EPA Method 7 or an alternate method approved in Miting by 
the Department shall be used to demonstrate compliance. 
[so NR 439.06(6), Wis. Adm. Code] 

(2) The permittee shall keep records on the heatinput used as 
required in condition I.LL4.b.(4). [so 285.65(10), WIs. Stats., s. 
285;65(3), ·Wis, Stats.] 

(:3) The permittee shal! keep retain on site, plans and spedfications 
that indicate the process's fue! design capabilities, (s. NR 
439.04(1 )(d), Wis, Adm, Code) 

(4) The permittee shall record information on the maintenance 
required in condition LLL4.b.(3). [so NR 439.04(1 )(a)6, Wis. Adm. 
C~~ . 

(5) The permittee shall comply with the general andspecific 
monitoring requirements under s. NR428.04(3)(a) and (b). Wis. Adm. 
Code. A copy of these requirements attached with the permit. [so NR 
428;04(3), Wis, Adm. Code, s. 285.65(3), Wis. Stats,] 

(6) The permittee shall comp!ywith all therecordkeeping and reporting 
requirements under s. NR 428.04(4), Wis. Adm. Code. A copy of 
these requirements attached with the permit. [so NR 428:04(4), Wis, 
Adm. Code, s. 285.65(3), Wis. Stats.] 

(7) The permittee shall comply with all the requirements for monitoring, 
insta!!atiotl; certification; data accounting, compliance dates and 
reporting data prior to initial certification as required under s. NR 
42B.07(1)(b), Wis, Adm. Code, s. NR 428.07(2)(b)2. Wis. Adm. Code, 
5, NR 428.07(3), Wis. Adm, Code. [So 285.65(3), Wis. Stats.] 

(8) The pemitteeshaH monitor NOx and heat input per s, NR 
428,08(1)(a), Wis. Adm. Code. A copy of these requirements attached 
with the permit. [so NR 428.08, Wis. Adm. Code, S, 285,65(3). Wis. 
Stats.] 

(9) The permittee shall submit quarterly reports per s, NR 428.09(1), 
(3) and (4), Wis. Adm. Code. A copy of these requirements attached 
with the permit [so NR 428.04(9), Wis. Adm. Code, s, 285.65(3), Wis. 
Stats.] 

Note 1: The IGCCauxiliary boiler is subject toNOx emission limits per s. NR 428.04(2)(a)2, arid 3., Wis. Adm. Code 
and is O~05 pounds per million B.tu of heat input when. firing natural gas and 0.09 pounds per million Btu of heat input 
when fJrihg fuel oil. The BACT limit for NOx is more restrictive then the emission limit for NOx under s, NR 428,04, 

Wis. Adm. Code, thus the !GCC auxiliary boiler is expected to meet the emission limits for NOx under s._ NR 428.04, 
Wis,Adm. Code, 
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'a .. Limit"tions; (1) The emissions may not exceed 0.045 pound per million Btu when firing natural gas based on a 30-day rolling average. 
(BACT);{2) The'emissions may not exceed 0.045 pound per million Btu when firing fuel oil having a maximum sulfur content of 0;003% by 
weightbasedooa 30-day rolling average. (BACT); (3)The use of good combustion practices. (BACT); (4) The total heat input may not 
exceed 198,000 mmBtu in any 12 consecutive months, of Which no more than 49;500 mmBtLi may be from the combustion of fuel oil in any 
12 consecutive months. [s.NR 405.08(2), Wis. Adm. Code; s, 285.65(3), Wis. Stats., s~ 285,65(7);Wis, Slats.1 

b, Compfiance Demonstration: 

(1 )The permittee shall determine the hourly emissions using fuel 
consumption records and AP-42 factor or vendor provided 
emissions factor [so 285.65(3), Wis. Stats.] 

(2) The permittee shaH fire natural gas and lor fuel oil having a 
maximum sulfur content of 0.003% by weight. This condition is 
established to meet BACT emission limit, r s. NR 405'()8(2), Wis. 
Adm, Code] 

(3) The permittee shall provide thefoHowing information to the 
Department at least four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustioripractices: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the boiler; and (b) A list of items that will be checked and 
maintained and· their frequency. to ensure that boiler is operating 
properly. This information wm be used by the Department to 
estabhshappropriate permit conditions in the operation permit. [5. 
285.65(3), Wis. Stats .• s, 285.65(,10), Wis. Stats.] 

(4) The permittee shall keep daily records of the type and amount 
oHuel fired in the boiler and shall calculate heat input totMe unit on 
adaUy basis. The heat input used records shall be compiled on an 
annual basis to show compliance with LLl,S.a. (4). [so 285.65(3), 
WIs,Slats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Carbon Monoxide Emissions: 
Whenever compliance emission testing is required, test procedures in 
40 CFR Part 60, Appendix A, US EPA Method 10. or analtemate 
method approved in writing by the Department shaH be used to 
demonstrate compliance, [So NR 439.06(4), Wis, Adm. Codel 

(2) The permittee shall keep records on the heat input used as 
required in condition I.LL5.b.(4). [so 285.65(10), Wis .. Stats., S. 
285.65(3). Wis. Stats.} 

(3) The permittee shall keep retain on Site; plans and specifications 
that indicate the process's fuel design capabilities. [s. NR 
439.04(1 )(d), Wis. Adm. Code] 

(4) The permittee shall record information on the maintenance 
required in condition I.LL.5.b.(3). [so NR 439,04(1)(a)6. Wis. Adm. 
Code] 
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(a) Limitations; (1) The emissionsrnay not exceed 0.0060 pound per million Btu whenfjring natural gas based on a 30~day rolling average. 
(LAER); (2) The emissions may not exceed 0.0020 pound per million Btu when firing fuel oil having a maximum sulfur cantent of 0,003% by 
weight based on a30.,day rolling average. (LAER); (3) The use of gQod combustion practices. (LAER); (4) The total heat. input may not 
exceed 198;OOOmmBtuin any 12 consecutive months, of which no more than 49,500 mmBtu may be from the combustion of fuel oil in any 
12 consecutive months. [s. NR 408.04, Wis. Adrn. Code, s. 285.65(3), WIs. Stats., s. 285~65(7), Wis. Stats.) 

b, Compliance Demonstration: 

(1 ) The permittee shaH detemijn~i~E:) hourly emis$io~$ using fuel 
consumption records and .• AP~42ernissio~s factor or vendor 
provided emission fact6rs~ Is.28~.65(3J, Wis. Stats.] 

(2) The permittee $haU~re natu.rC)lg~s;:in(jorfuel oilhavinga 
m[;lximLim sutfu~ contentgf 0,003% by 'lNeight This condilioris 
established. to meet LAER emission limit. [so NR 405.08(2), Wis, 
Adm. Code] 

(3) The permittefshall provid~the folldwinginformatlpn to the 
Department at least four months prior to the expiration of the 
r..onstruction· per;mit to demonstrate compliance with good 
combustion pra~tices:(a) A copy of the original equipment 
manufacturer (G.EM) procedures that should be followed to 
maintain the boiler; and (b) A list of items that will be checked and 
maintained and their frequency, to ensure that boilef' is operating 
properly. This information will be used by the Department to 
establish appropriate permit conditions in the operation permit. [so 
285.65(3), Wis.Stats" .5.285.65(10), Wis. Stats.] 

(4) The permitt~e shall keep daily records of the type and amount 
oHuel fired in the boiler anc! shall calculate heat inputtd the lmit on 
a dally basis. Theheat input used records shall be compiled on an 
annual basis to show compliance with LL1.6.B. (4). [5, 285.65(3), 
Wis. Stats,] , 

c, Test Methods, Recordkeepingjand Monitoring: 

(1) Reference Test Method for vac Emissions: Whenever compliance 
emission testing is required, test procedures in 40 CFR Part 60, us 
EPA Method 25 or 18, or an alternate method approved in writing by 
the Department shall be used to demonstrElte compliance, [So NR 
439.06(3), Wis. Adm. Code] . 

(2) The permittee shall keep records on the heat input used as 
required in condition I.lL.6.b.(4). [so 285.65(10). Wis. Stats" .5. 

285.65(3}, Wis. Stats.] 

(3) The permittee shan keep retain on Site. plans anq specifications 
that indicate the process's fuel design capabilities. [so NR 
439,04(1 )(d), Wis. Adm, Codel 

(4)The permittee shall record information on the maintenance 
required in condition I.Ll.6.b.(3). [so NR 439.04(1)(a)6, Wis, Adm. 
Code] 

Page 133 



'~~ljrnitatjons:(1) The emissions may not exceed 0.000000024 pound per million Btu when firing natural gas. (BACT); (2) The emissions 
maynotexceed 0.000009 pound per million Btu when firing fuel oil having a maximum sulfur content of 0.003% by weight. (BACT); (3) The 
use of good combustion practices. (BACT); (4) The total heat input may not exceed '198.,000 mmBtu in any 12 consecutive months, of which 
no more than 49,500 mmBtu may be from the combustion of fuel oil in any 12 consecutive months. [so NR 405.08(2), Wis. Adm. Code, s. 
285.65(3), Wis. Stats., s. 285.65(7), Wis. Stats.] 

b. Compliance Demonstration: 

(1 ) T~eperTl'littee shall determIne the hourly emissions using fuel 
consl!rnptiornecords and AP-42 emissions factor. [so 285.65(3), 
Wis. Stats.] 

(2) The permittee shall fire natural gas and/or fuel oil having a 
rnaximum sulfur content of 0.003% by weight. This condition is 
established to meet BACT emission limit [ s. NR 405.08(2), Wis. 
Adm~Codel· 

(3) The permittee shaH provide the following information to the 
Department at least four months prior to the expiration of the 
construction permit·. to . demonstrate compliance with good 
combustion practices:(a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
malntain the boiler and (b) A list of items that will be checked and 
mailltained and their frequency, to ensure that the boiler is 
operating properly. This informatioriwill be used by the 
Department to establish appropriate permit conditions in the 
operation permit. [s. 285.65(3), Wis. Stats., s. 28S.6S( 1 0), Wis. 
Stats,] 

(4) The permittee shall keep daily records of the type and amount 
of fuel fired in the boiler and shall calculate heat input to the unIt on 
a daily basis. The heat input used records shall be compiled on an 
annual basis to show compliance with LLL.7.a. (4). [s. 285.65(3), 
Wis. Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) Reference Test Method for Lead Emissions: Whenever compliance 
emission testing is required, US EPA Method 12 shall be used to 
demonstrate compliance or an alternate meU10d approved inwritjng .by 
the Department, shall be used. [5. NR 439,06( 1). Wis. Adm. Code] 

(2) The permittee shail keep records on the heat input used as 
required in condition I.LL7.b,(4). [5. 285.65(10), Wis. Stats., s. 
285.65(3), Wis. Stat8.] 

(3) The permittee shall keep retain 01} site, plans and specifications 
that indicate the process's fuel design capabilities. [so NR 
439.04{1 )(d), Wis. Adm. C6de] 

(4) The permittee shall record infom1ation on the maintenance 
required in condition LLl,7.b.(3). [so NR439.04(1 )(a)6,Wis. Adm. 
Code1 
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a. Limitations: ('1) The emissions may not exceed 0,00000026 pound per million Btu when firing naturai gas, (BACT): (2)The emissions 
may not exceed 10.000003 pound per million Btu when firing fuel oil having a maximum' sulfur, content of 0,003% by weight. (BACT); (3) The 
use of good combustion practices, (BACT); (4) Thetotailleatinput rnay not exceed 198,000 mmBtu in any 1.2 consecutive months. of which 
no more than 49,500 mmBtu may be from the combustion of fuel oil in any 12 consecutive months., [5, NR 405.08(2), Wis. Adm. Code,s. 
285.65(3). Wis. Stats,. $. 285.65(7}, Wis: Stats.] 

b. Compliance iOerrionstration:, 

(1) The permittee.shall determine the hourly emissions using fuel 
consumption redords anqAP;';42 emissions factoL [so 285.65(3), 
Wis. Stats.) 1 

(2) The permitt~e shall fire natural gas and/or fuel oil having a 
maximum sulfur icontent of 0.003% by weight ThiscondiUon is 
established to m'eetBACT emission limit. [s. NR 405.08(2). Wis. 
Adm. Code) 

(3) The permittee shall provide the following information to the 
Department atleasrfbUrI"norithsprior to the expiration bf the 
construction permit to demonstrate c.ompliance with good 
coiTibustiori pradticE:js: (a) A copy 9fthe origInal equipment 
manufacturer (o'EM) procedures that should be followed to 
maintain the bOilerahd(b)A list of items that will be checked and 
maintained and their frequency, to ensure that the boiler is 
operating properly, ThiS information will be used by the 
Department to establish appropriate permit conditions in the 
operation permit~ [so 285,65(.3), Wis. Stats., s. 285,65(10), Wis,. 
Stats,] 

(4) The permittee shall keep daily records of the type arid amount 
of fuel fired inVw boiler and sl1allcalculate heat input to the uni.t on 
a daHy basis. The heat input used,records shall be compiled on an 
annual basis to show compliance with LLL.8.a. (4). [so 285.65(3}. 
Wis. Stats.] 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference Test Method for Mercury Emissions: Whenever 
compliance emission testing is required, US EPA Method 29 or an 
alternative method approved in writing by the department shall be 
used to demonstrate compliance.[s. NR 439.06(8), Wis. Adm. Code1 

(2) The permittee shall keep records on the heat input used as 
required in condition I.LL.8.b.(4). [so 285.65(10). Wis.Stats., s. 
285.65(3), Wis, Stats.] 

(3) The permittee shall keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities. [so NR 
439;04(1 )(d), WIs. Adm, Code] 

(4) The permittee shall record information on the maintenance 
required in condition I.LL8.b.(3). [5. NR 439.04(1 )(a)6, Wis. Adm. 
Code] 
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a~ Limitations: (1) The emissions may not exceed 0.0000990 pound per million Btu when firing,natural gasand/or fuel oil having a 
mS)<imum sulfur content of O.003Q

/() by weight (BACT); (2) The use of good combustion practices. (BACT); (3) The total heat input may not 
exceed 198,000 mmBtu in any 12 consecutive months, of which no more than49,500 mmBtu may be from the combustion of fuel oil in any 
12 consecutive months. [5. NR 405.08(2), Wis. Adm. Code, s. 285.65(3), Wis. Stats.,s. 285.65(7), Wis. Stats.], 

b; Compliance Demonstration: 

(1) The permittee shall determine the hourly emissions using fuel 
consumption records and AP-42 emissions factoL [s.285.65(3), 
Wis; Stats.] 

(2) The permittee shall fire natural gas and/or fuel all having a 
maximum sulfur content at 0.003% by weight. This condition is 
established to meet BACT emission limit. [s. NR 405.08(2), Wis. 
Adm. Code] 

(3) The permittee shall provide the following information to the 
Department at. teast four months prior to the expiration of the 
construction permit to demonstrate compliance with good 
combustion practices: (a).A copy of the original equipment 
manufacturer (OEM) procedures that should be foHowed to 
maintain the boiler and (b) A listot items that will be checked and 
mainta.ined and their frequency, to ensure that the boiler is 
operabng properly. This information will be used by the 
Department to establish appropriate permit conditions in the 
operation permit. [so 285,65(3). Wis. Stats., s. 285,65(10), Wis. 
Stats.] 

(4) The pem11ttee shail keep daily records of the type and amount 
of fuel fired in the boiler and shaH calculate heat input to the unit bn 
a dally basis. The heat inpulused records shall be compiled on an 
annual basis to show compliance with I.LL.9.a. (3). [so 285.65(3}, 
Wis, Stats.] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) FeferenceTest Method for Emissions of Fluorides: Whenever 
compliance emission testing is required; US EPA Method 138 shall be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shal! be used. [s. NR 439;06(8), Wis. Adm. 
Code] 

(2) The permittee shaH keep records on tho heat input used as 
required in condition LLL9,b.(4). [s, 285.65(10), Wig,Stats., s. 
285.65(3), Wis. Stats,] 

(3) The permittee sl1allkeep retain on site, plans and specifications 
that indicate the process's fuel design capabilities. [so NR 
439.04(1)(d), Wis. Adm. Code] 

(4) The permittee shall record information on the maintenance 
required in condition I.Ll,9.b,.(3). [s; NR 439;04(1 )(a)6, Wis. Adm. 
Code] , 

a. Limitations: 20% opacity or number 1 on the Ringlemann chart. [so NR 431.05, Wis. Adm. Code, s, NR 440.207(4)(c), Wis. Adm. Code] 
See Note 1 . ( 

b. Compliance Demonstration: 

(1) Thepermittee shall fire natural gas and/or fuel oil having a 
maximum sulfur content of 0,003% by weight. This condition is 
established to meet BACT emission limit. [5. NR 405.08(2), Wis. 
Adm. Code] 

(2) The permittee shall conduct an initial test as required under s. 
NR 440,08, Wis. Adm. Code using the procedLires and reference 
method in 40 CFR part 60, Appendix A, which is incorporated by 
reference jns. NR 440.17, Wis. Adm. Code. [s, NR 440.201(4)(c), \ 
Wis. Adm. Code] 

c. Test Methods, Recordkeeping, and Monitoring: 

(1) ReferenceTest Method for Visible Emissions: Whenever 
compliance emission testing is required. US EPA Method 9 shaH be 
used to demonstrate compliance or an alternate method approved in 
writing by the Department, shall be used. [5. NR 439.06(9)(a)1., Wis. 
Adm, Code] 

(2) The permittee shall keep retain on site, plans and specifications 
that indicate the process's fuel design capabilities. [so NR 
439.04(1)(d), Wis. Adm Code] 

Note 1: Any gases emitted from the stack when the unit is fired with fuel oil shall not have an opacity greater than 
20% (6 minutes average). The exception is one 6-minute period per hour when the opacity not exceeding 27%. The 
opacify standard does not apply during periods of start up aM shut down or malfunction, 
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a. Limitati<:ms:'(l)Jhepermittee shall use natural gas and/or fuel all having ama,l(ill1yrnsulfur contento(O,p03% by weight and comply 
with the PM/PM1 o limits to meet case by case .MACT for inorganic solid HAPs; (2) The perlTlittee shall us natural g~s andlor fuel oil having 
a rnaximul11sulfpr con!entof,q,qo3% by weight to comply with the cas~ by case MACT limits for inorganic acid HAPs; (3) The permittee 
shaH cqrnply with and meet the vac LAER emission limits to comply with case by case MACT for organic HAPs and (4) The total heat input 
,may not exceedJ98,ODQmrnBtu in any 12.consecutive months. of which no more than 49,500 mmBtu may be from tho combustion of fuel 
oil in any 12 con$ocutive mOl1ths. [so 285.65(1,3). Wis~Stats,] 

b. Compliange;Demol1s~ration: 

(1) The penl1itte~ sh~llq~t~rrnif)e~h~}:ourly emissions using fuel 
consump.t!on recorqsanpEpRrprovided or AP-42 emission 
factors. [s, 285.p5(3). Wis', Stats.} 

(2) The permittee shall fire natural gas and/or fuel oil having a 
maximum slllfur:contentofO.003%QY weight. This condition is 
established to meet MACT emission limit [s. 285.65(13), Wis. 
Stats.] 

(3) The permittee shall provide the following information to the 
Department at least fOll(months'prio(~o the expiration oHhe 
construction permit to demonstrate 'compliance with good 
combustion practices:' (aJ A copy ot. the original. equipment 
manufacturer (OEM) procedures thatshouldb~ foll~wed to 
maintain the boiler; and (b) A list of items thatyvill be checked and 
maintained and ~heir frequency. to ensure thaf boiler is operating 
properly. This information will be used by the Department to ' 
establish appropriate permit conditions in the operation permit. 15. 
285.65(3). Wis. Stats .. s, 285.65{1O). Wis. Stats.] 

(4) The permittee shalf keep daily records of the type and amount 
of fuel fired in the boiler and shall calculate heat input to tl1e unit on 
.a daily basis. The heat input Llsed records shall be compiled on an 
annual basis to show (';,()mpHahce with 1.L1.11 ,8. (4). [s, 285.65(3), 
Wis. Stats.J ~ 

c. Test Methods, Recordkeeping,and Monitoring: 

(1) Reference Test Method for organic HAPs Emissions; inorganic 
solid HAPs. and inorganic acid HAPs: Whenever compliance 

, emission testing is required a method approved in writing by the 
Department shall be used to demonstrate compliance. 
[so NR 439.06(1). Wis. Adm. Code] 

(2) The permittee shall keep records on the heat input used as 
required in condition I.Ll, 11.b.(4). [so 285.65(10). Wis. Stats., s. 
28S~65(3), Wis, Stats.] 

(3)1he permittee shall keep retain on site, plans and speCifications 
that indicate the process's fuel design capabilities. [so NR 
439,04(1)(d). Wis. Adm. Code] 

(4) The permittee shall record information on the rnaintenance 
required tn condition L1,11 ,b.(3). [s. NR 439,04(1 ){a)6, Wis. Adm; 
Code] 
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Limitations: (1) The en)issions may not exceed 0.00024 pound per million Btu when firing natural gas .. (BACT); (2) The emtssions may 
. not exceed 0.00064 pound per million Btu when firing fuel oil having a maximum sUlfurcontent of 0.003% by weight (BACT); (3) The 

use of good combustion pra<.;tices. (BACT): (4) The total heat input may not e~ce~d 198,000 mmBtu in any 12 consecutive months, of 
Which no more than 49,500 mmBtu may be from the combustion of fuel oil in any 12 consecutive months. (5. NR 405.08(2), Wis. 
f'drrL.Code, s, 285.65(3),Wi5. Stats., s. 285.65(7),Wis, Stats.] 

Compliance Demonstration: 

(t)Thepermlttee sha!lflre natl,lral gas and/or fuel bililaving a 
rpa~irrl~r-r sl,llfur content of 0.003% by weight. This condition is 
establiShed to meet BACT emission limit. [s. NR 405.08(2). Wis. 
Adm~.Codel 

(2) The permittee shall determine the hourly emissions using fuel 
consumption records, and vendor provided or AP~42 emission 
factors. [s.285.65(3). Wis. Stats.] 

3)Thepermittee shall keep daily records of the type and amount of 
fm:!I~r?~jryth~ boiler and shall calculate heat input to the unit on a 
dailybasf~. The heat input used records shall be compiled on an 
annual basis to show compliance INithLLL 12.8, (4). [so 285,65(3), 
Wis. Stats.] 

c. Test Methods, Recordkeeping. and Monitoring: 

(1) Reference Test Method for Sulfur Acid Mist Emissions: Whenever 
compliance emission testing is required, US EPA Method 8 shall be 
used to demonstrate C()mp1ia~ce or an alternate method approved in 
writing by the Department, shall be used. [so NR 439.06(8), Wis: .{\dm. 
~~ . 

2) The permittee shall keep records on the heat inputused a?.required 
in condition I.LL12.b.(3). [s. 285.65(10), Wis, Stats., s. 285.65(3), Wis. 
Stats.] 

(3) The permittee shailke~p retain. on site, plans and specifications 
that indicate the process's fuel designc;apabi!ities. [s .. NR 
439.04(1 Xd), Wis. Adnl. Code] 

(4) The permittee shalLkeep records required under condition 
LLL.3,b.(4) - (7) todernonstrate compliance with the sulfurcohtent in 
the fueL [so NR 439.04(1)(d), Wis. Adm. Code, s. 285,65(3),Wifi: 
Stats.] 
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a. limitatibns/(1}Use ofacarbon bed absorption system or its equivalent on each fuel oil storage tanks to meet LAER control 
requirements. (~AER); (2)90% reduction inVOC emissions. (LAER) [s. NR 408.02, Wis. Adm. Code, s. 285.65(3), Wis. Stats,) See Note 1 

b, ComplicJnceDemonstration: 

(1) The permitt~eshallprovidethefollowing information to the 
Departmental it?astfour months prior to the expiration of the 
constructJon permit to demon~trateCQmpliance with good 
combustionpra¢tJces: (a) A copy of the original equipment 
manufacturer (OEM) procedures that should be followed to 
maintain the carb(mb~?; •• aq?(b!~ li~t(Jf item~ that\i\lill be ~hecked 
and maintC!in~da,"?th~ir'f~e9uffnqy; .t() en§llre that carbon bed is . 
operating properly;!"~jsinf(Jrrrl~ti0D'Wm be used by the 
Departmenttoe~t~t?H~~appr()pria~e permit,conditions in the· 
operation pernli~;I~;285.65(3);Wis.Stats .• $. 285~65(10), Wis, 
Stats.] , 

(2) Cortlpliance'oemissip" tesIstodemonstratecompliance with the 
90% reduction emissiofjfimit in LMM.1.a.(2) shall be conducted 

, within 60 daysqfterthestartofthe initia! operation of tanks T16 
and T118. [s. 285.65(3), Wis. Stats.] 

(3) Tho maximu'm true vapor pressure of fuel oil shall be less than 
3.5 kPa. The condition is established so the storage tanksare not 
subject to NSPSr~quirements .. [5.285.65(7), Wis. Stats.] 

(4) The'permiUeemay use available data 00 the Reid pressure and 
the maximum e~pected storage temperature based on the highest 
expected calendar-month average temperature of the stored fuel 
oil to determine the maximum true vapor pressure from the 
nomographs contained in API Publications 2517. [so 285.65(7), 
Wis. Stats.] 

c.Test Methods,Recordkeeping. and Monitoring: 

(1) Reference test Method for Volatile Organic Compound Emissions: 
Whenever compliance emission testing is required, the appropriate 
US EPA Method 25 or 18 shall be used to demonstrate compliance 
or an alternate method approved in writtng by the Department; shall 
be used. [so NR 439.06(3) .• Wis. Adm. COde] 

(2) The permittee shai!·record infomlatiOn dn the maintenance 
required in condition LMM.1.b.(1). [so NR 439.04(1 ){a)6; Wis. Adm. 
Code] 

(3) The permittee shaH retain records of the determined maximum 
true'vapbrpressute. [s, 285.65(7), Wi$. S~ats.l 

Note 1: The standards of performance fora new sources under s. NR 440.285, Wis, Adm. Code apply to a! new 
petroleum storage tankswhich are larger than 40 cubic meters (10,600 gallons). Therefore, the new scpe boiler and 
IGCe fuel oil storage tanks are subjecUo the requirements of s. NR 440.285. However the performance standards 
under,this section apply to tanks storing organic liquids With a maximum true vapor pressure greater than 5.2 kPa 
(0.74 psia). The fuel oil has a maximum true vapor pressure of 0.035 kPa(0.005 psia). As a result, although the 
SCPC boiler and IGeC fuel oil storage tanks are subject to the performance standards under s. NR 440.285, Wis. 
Adm. Code there are no applicable NSPS standards for these tanks, 
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(1}Construction Notification: The permittee shall inform the Wisconsin Department of Natural Resources,Southeast Region, 2300 North 
Dr. Martin Luttier King Jr. Drive, Milwaukee, WI 53212, Phone (414) 263.,,8500, in writing of the following for the emi$sions unit covered in 
this permit: . . 

(a) Notice of commencing construction shall be submitted within 15 days of the start of construction. 

Noticeofintent to initially operate the source(s) covered by this permit. 30 days prior to the anticipated date of initial operation, 

Notice of the.act~al date of initial startutp shall be submitted within 15 days of the initial startup. 

[5, NR 439.03(1), Wis. Adm, Code] 

(2) (a) Construction Permit Expiration: This construction permit expires 90 months after the d(lte of issuance, Construction or modifiCation 
and.c.l,!initial.operatlor) period for equipment shakedown, testing and Department evaluation of operation to assure conformity with the 
permit.conditions is authorized for each emissions unit covered in this permit. Please note that the sources covered by this permit are 
requiredto meet all emission limits and conditions contained in the permit at all times, including during the initial operation period, 
(t»Reev~ILJating BACT: The permi\tee shan submit information for reevaluating BACT to the Department at least 18 months prior to the 
commencement of construction of any permitted processes that may have not begun construction within eighteen months from the date of 
the issuance of the final permit [5S, 285.60(1)(a)2 and 285.66(1), Wis. Stats.; s, NR 406.12, Wis~ Adm. Code]· 

(3) Completion of Operation Permit Application: 

(a) Compliance information required to complete the operation permit application for the emission units included in this permit should be 
ted to theDNR at least4 months prior to the expiration of the Construction. Permit, 

(b) Operation of the source(s) covered by this permit after this permit expires is prohibited unless a complete operating permit application 
source{s) has been submitted to the Department. 

[so 285.60{1)(b)1" Wis. Stats.; s. NR 407.04(,1 )(b), Wis, Adm. Code1 

(3) This permit supersedes permit #02-RV~054. [s, 285.65(3), Wis. Stats.] 
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a. Conditions: 

(1) A malfunction prevention and abatement plan shall be prepared 
and followed Jor;the plant. [so NR 439.11, Wis. Adm. Code] 

(2) A written copy of the plan shall be kept at the plant and shall be 
updated once every five years. [so NR 439.11 (1), Wis. Adm~. Code] 

(3) An air pollution control equipment shall be operated and 
maintained lncdnformancewithgood engineering practices (I.e; 
operated and maintained according to manufacturer's 
specifications arid directions) to minimize the possibility for the 
exceedance of any emission limitations [s. NR 439.11 (4). Wis. 
Adm. Code] , 

". 

';. 

Condition Type,:3~ Stackt~stingReqllirements 

a.Conditions: : 

b. Compliance Demonstration: 

(1) The plan shall be developed to prevent, detect and correct 
malfunctions or equipment failures which may cause any applicable 
emiSSions limitation to be violated or which may cause air pollution. 
[5. NR 439.11 (1 ),Wis. Adm. Code] 

(2) This plan shal!include Installation, maintenance and routine 
calibration procedures for the control equipment instrumentation. 
This plan shall require an instrumentation calibration at the frequency 
specified by the manufacturer but not !ess than once per year plus an 
inspection and/or calibration whenever instrumentation anomalies are 
noted. Iss. NR407.09(1)(c)1.c., NR 439.055(4) and s. NR439.11i 
Wis. Adm. Code} 

(3) The plan shall require a copy of the operation and maintenance 
manual for the control equipment be maintained on site. The plan 
shall contain all of the elements in s. NR 439.11(1 )(a) - (h), Wis. 
Adm. Code. [so NR 439.11, Wis. Adm. Code] . . 

(4) The facility shall maintain an inVenlory of normal consumable 
items necessary to ensure opera~ion of the control device(s) in 
conformance "Ath the manufacturer's speCifications and 
recommendations. [so NR 439.11, Wis, AdfTl. Code] 

(5) The facility shall maintain records of ttle instrumentation 
calibrations. [s. NR 439.04, Wis. Adm, Code] 

. .( 1) All t~sting shall b.e performed with the emissions unit operating at capadty or as close to capacity as practicable and in accordance with 
approved procedures. If operation at capacity IS not feasible. the source shall operate at a capacity level, which is approved by the 
Department in Writing. [so NR 439.07(1). Wis. Adm. Code]' 

(2) If the testing for the sources is not completed in the tifne frame identified in this pennit thEm the permittee shail request an extension 
upto 60 days to complete the testing. [so 285.65(3), Wis. Stats.] 

(2) The Department shall be informed at least 20 working days prior to any stack testing so a Department representative can witness the 
testing. At the time of notification a compliance emission test plan shall also be submitted to the Department for approval. When approved 
in writing, an equivalent test method may be substituted for the reference test method, [s. NR 439.07(2), Wis. Adm. Code] 

(3) Two copies ,of the report :on the tests shall be sllbmitted to the Department for evaluation within 60 days following the tests. [so NR 
439.07(9), Wis. ~dm. Code] . 
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(1) The permittee shall obtain and secure allowances equal to the actual annual S02 emissions. (Allowances are available through the 
Chicago Board of Trade and other sources)[40 CFR Parts 72 and 75, s. NR 409.06(3). Wis. Adm. Code] 

(2) The permittee shall have a Designated Representative (DR) in accordance "vith 40 CFR Part 72. The DR shall be responsible for 
submitting required permits, compliance plans and emission monitoring reports,a!!owance plans and compliance certifications; and will. be 
the responsible official with regards to all m~tters under the acid rain program. [40 CFR Part 72 and 75, S. NR 409.07, Wis~ Adm. Code] 

(3) The permittee shall submit a Phase II acid rain permit to the Department at least 24 monthS before the date on which the unit 
commences operation. [so 285.65(3), Wis. Stats., s. NR 409.08(1), Wis. Adm. Code] 

(4) The owner or operator of a Phase I and phase II acid rain units shall install, calibrate, operate and maintain all monitoring equipment 
necessary for continuously monitoring sulfUr dioxide, nitrogen oxides, carbon dioxide, stack flow rate and opacity. The type of rnonltoring 
equipment used and the manner and location of its installation are subject to prior department approval. [ s. NR 439.095(1), Wis. Adm. 
Code] 

(5) The owner or operator of monitoring equipment installed to comply with condition LNN.4.a.(4) shall install, calibrate, maintain and 
operate the conHnuous emission monitor in accordance with the performance specifications in 40 CFR part 60, Appendix B or, for affected 
units, the performance specifications in 40 CFR part 75, Appendices A to I, incorporated by reference in s. NR 484.04{21} and (27), and the 
requirements in s. NR 439.09. The owner or operator of the source shall submit a quality control and quality assurance plan for approval by 
the department. The monitor shall follow the plan, as approved by the department. [s. NR 439.095(6), Wis. Adm. Code] 
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a. Conditions: 

(1) The permittee shaH obtainVoiatileOrgahicCompound offsets at a minimum ration or 1,3 or a total of 294 credit. [so NR 408.06(4)(d). 
Wis. Adm;. COde] 

(2)The permittee will ensuretrat the actual transfer of credits has takEm plac~ prior to commencing operation of the power plant [so NR 
405.06; Wis, Adm. Code]' . . 

(2) The permittee shall provide information on whether actual transfer of credits has occurred prior to commencing operation of the 
I .. ". . . . ' "-

ERGS's. projecttothe ONR. Burealj of Air Management,101 S.Webster Street, P,O. Box 7921, Madison, WI 53707. (s. 285.65(3), 
Wis, Stats., s.NR40a:06, Wis. Adm. Code] . 
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(1 ) Upon isspance of the operation pem1it. the permittee shall 
sllbmitperiodlc monitoring reports. [s, NR 407.09(1 )(c)3" Wis. 
Adm. Code] 

(2) Upon issuance of the operation permit the permittee shall 
submit periodic certification of compliance. [so NR 40'f.09(4){a)3., 
Wis. Adm. Code] 

(3)The records required under this permit shall be retained for at 
least five(5) years and shall be made available to department 
personnel upon request during normal business hours. [s. NR 
439.04,5. NR439.05, Wis. Adm. Code) 

(t) Submit a monitoring report, which contains th~ results of 
monitoring or a summary of monitoring results required by this 
permit to the Department every 6 months. 

(a) The time periods to be addressed by the submittal Clre January 
1 to June 30 and July 1 to December 31 .. 

(b) The report shall be submitted to the Wisconsin Department of 
Natural Resources, Southeast Region, 2300 North Dr. Martin Luther 
King Jr. Drive, Milwaukee. WI 53212. Phone (414) 263-8500 witl1ih 
30 days after the end of each reporting period.' 

(c) AI! deviations from and violations of applicable requirements 
sha!lbe clearly identified in the submittal. 

(d) Each submittal shall be certified by a responsible official as to 
the truth, accuracy and completeness of the report, 
(e) The content of the submittal is described in Item D. of Part II of 
the operation permit [s, NR 439.03(1 )(b), Wis. Adm. Code] 
[so NR 439.03(1)(b); Wis. Adm. Code] 

(2) Submit an annual, c.'-ertification of cornQI19~ with tile 
requirements of this permit to the Wisconsin Department of Natural 
Resources, Southeast Region. 2300 North Dr, Martin Luther King Jr. 
Drive, Milwaukee, WI 53212, Phone (414) 263-8500 and to 
Compliance Data - Wisconsin, Air and Radiation Division, U.S~ EPA. 
77 W. Jackson, Chicago. IL 60604]. 

(a) The time period to be addressed by the report is tfleJanuary 1 
to December 31 period whicll precedes the report. 

(b) The report shall be submitted to the Wisconsin Department of 
Natural Resources, Southeast Region, 2300 North Dr. Martin Luther 
King Jr. Drive, Milwaukee. WI 53212, Phone (414) 263-8500 and 
U.S. EPA within 30 days after the end of each reporting period. 

(c) The information included in the report shall complywittl the 
requirements of Part If Section N of this permit 

(d) Each report shall be certified by a responsible official as to the 
truth, accuracy and completeness of the report 
[s, NR 439.0~3(1 )(c), Wis. Adm, Code] 
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