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MVEMORANDUM

SUBJECT: Di stribution of Report on Procedures to Estimate Nitrogen
oxi des (NO,) Em ssion Increases from Mbile and Area Sources
for Prevention of Significant Deterioration (PSD) Incremnent

Anal yses
FROM Eri c Noble

Operating Permits Policy Section (M 15)
TO New Sour ce Revi ew (NSR) Contacts

Attached is a copy of the final report on estimating NO
em ssions fromnobil e and area sources for PSD nitrogen dioxides
i ncrement anal yses. Additional copies may be had by downl oading from
either the NSR bulletin board, which has been renaned the Permts
Prograns Bulletin Board System or the Technol ogy Transfer Network.

This report differs fromthe draft report distributed for review

last fall. The primary change is the renoval of |ookup tables for
determ ni ng worst case NO i mpacts of nobile and area sources. The
tabl es nade it appear that, for even small increases in No, em ssions,

the estimated anbi ent NO i npacts were so high that very few sources

woul d be able to use then to avoid a full anmbient air quality

di spersion analysis. O hers changes were made to incorporate conments
and suggestions you made during the review process. | appreciate the
time and effort you took to provide ne with those comments.

As you may have noted fromny new byline, | amno |longer directly
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with you. In any event, | want to express ny appreciation for all the
support |'ve received (both internally and fromthe Regions), since |
joined the NSR Secti on.

If you have any questions or comments on this report, you can
give ne a call at (919) 541-5362.
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ABSTRACT

This report presents sinple nethods that may be used by revi ew ng
agenci es and permt applicants to estimate the increase in NO; em ssions
from nobile and area sources for PSD NO, increnent applications. This
study is not intended to provide the conpl ete nethodol ogy for estimating
NO, increnment inpacts, but only to provide the basis for a screening
analysis to estimate those inpacts and to determne if a detailed
anal ysi s of NO¢ enissions is required.

A three-step screening franework is presented, as foll ows:

Step 1 - define the study area;

Step 2 - estimate the em ssions change in the study area; and

Step 3 - distribute the em ssions change throughout the study area.

Techni ques are presented that may be used to relatively easily estimte
NQ, emi ssions increases from area and npbile sources. Based on these
em ssions increases, NO, inpacts can be estimated using air quality
screeni ng nodel s that provide worst-case inpacts fromline sources and
area sources. These inpacts can then be conpared with significant inpact
| evel s to determi ne whether a nore detailed analysis is required.

The net hods presented inthis report will not be appropriate i n many
situations. An analysis of the linmtations of the nethods is presented
so that these situations may be identified.
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SECTION 1

I NTRODUCTI1 ON
PURPOSE

The purpose of this study is to provide a procedure which
revi ewi ng agencies and permit applicants may use to estimate the NO,
em ssions increases fromnobile and area sources. These estinmates can
be used as the basis for screening analyses to estinmate worst case NO;
em ssions inpacts. This study is not intended to provide a conplete
nmet hodol ogy for estimating NO, eni ssions estinmates, but rather to
provi de a necessary portion of the screening framework needed to
estimate NGO, em ssions inpacts and to deterni ne when detail ed anal yses
of NO; emi ssions and NGO, i ncrenent inpacts nmay be required.

BACKGROUND

In 1988, the U S. Environnental Protection Agency (EPA)
promul gated regulations to add NO, to the list of conpounds subject to
increnents under the PSD program The PSD increnments for NO, are
defined as 25 nmicrograns per cubic neter for class Il areas and 2.5
m crograns per cubic neter for class | areas based on an annual
average. The PSD increnent linit applies to all nmajor stationary
sources and maj or nodifications of NO constructed or permtted after
February 8, 1988 and to all ninor stationary sources of NO¢ constructed
after the m nor source baseline date. (Note: NO; em ssions include a
fam |y of compounds of which NOis the primary conponent. Since NO
reacts quickly in the atnosphere to form NG, em ssions of NO are
usual Iy converted to NO, for nmeasurenent and reporting purposes, and
are used when estinmating anmbi ent NO, concentrations).

The EPA' s policy when estimating the NO, i ncrement consunption is
to include em ssions which occur after the mnor source baseline date
from nobil e sources and other m nor point sources referred to in this
aggregate as "area sources". Unfortunately, the emission rates for
t hese types of sources, and the change in their em ssions over tine,
are not easily nmeasured or quantified. For nobile sources,
year-to-year variations in vehicle volunes, vehicle speeds, driving
patterns, inspection prograns, enission controls, etc., greatly
i nfl uence the magni tude and the spatial distribution of the em ssions.

Since it is inpossible to directly nmeasure the em ssions from al
nobi |l e sources in a given area, em ssion estimation and all ocation
techni ques for these sources nmust be developed. Simlar techniques
are required to estimte the enmissions from area sources.
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Various techni ques for cal cul ati ng em ssions changes and NG, i npacts
for these sources have been devel oped.>? Unfortunately, these

techni ques require a great anount of analysis, including the

devel opnent of a gridded em ssion inventory and a detail ed di spersion
nodel i ng anal ysis, to provide accurate estimates of the NG, i npacts
fromthese types of sources. Therefore, the data base devel opnent
procedures for nmore sinplistic nethods of determning NO, inpacts are
devel oped in this docunent.

SUVMMVARY

This study provides a screening framework by which NO; eni ssi ons
i ncreases fromnobile and area sources may be estimted, and the
resulting NO, i ncrenent inpacts cal cul ated. The screening framework is
presented as a three-step process:

1) define the 'study area’ (area where em ssions are being
esti mat ed) ,

2) estimate the em ssions change within the "study area," and

3) distribute the enissions change throughout the 'study
area."

This three-step process is not appropriate in all situations. There
are many situations where a "sinple" solution to estimating NO
em ssions and NO, i npacts is not possible.

A discussion of howto deternmine the study area is provided in
Section 2 of this report. Recommended em ssion estimation techniques
are sunmari zed in Sections 3 and 4, for nobile sources and area
sources, respectively. Section 5 describes the nethodology to
determ ne the appropriate allocation of the em ssions changes and,
finally, Section 6 discusses additional considerations that should be
taken into account in the NG, inpact estimation process.



SECTI ON 2
DEFI NI NG THE STUDY AREA

The first step in estimating the NO em ssions inpact of nobile
and area sources is to define the area over which these em ssions wl|
be estimated. This area is referred to as the "study area” in this
report. The nature and extent of the sources in the study area wll
determ ne which em ssions estimation technique wll be nost
appropriate. In order to define this area, the inpact area of the
proposed PSD source (as defined by the PSD rules) nust first be
identified. Based on this inpact area, the study area shoul d enconpass
all robile and area sources of NO, that may contribute significantly to
NO, i npacts within the inpact area.

The determ nati on of the specific sources that contribute
"significantly" to NO inpacts in the inpact area nust be determ ned by
the reviewi ng authority and PSD applicant on a case-by-case basis. In
nost instances, the study area will consist of any urbanized area
within or near the inpact area, since only urbanized areas are likely
to have | arge enough nobile and area source inpacts to warrant
assessnent. For instance, if the inpact area of the proposed source
conpl etely enconpasses a small city with no surroundi ng devel oped
areas, the linmts of the city itself can usually be the study area
boundaries. Simlarly, if the inpact area covers an undevel oped area
but is adjacent to an isolated city, the city should be used as the
study area.

O her situations are nore conplex. For instance, if the inpact
area of the proposed source is located entirely within a large city,
what should the study area be? Should it be the area of the city
within the inpact area, or should it also include sone (or all) areas
of the city |ocated beyond the inpact area? In such cases, the
specific limts of the study area should be decided by the review ng
authority, taking into account the distribution of new devel opnent
within the city and the location of this devel opment with respect to
t he i npact area. Sone of the inpact estimation techniques discussed
later in this report nay be useful in naking this deternination



SECTI ON 3

MOBI LE SOURCE EM SSI ON ESTI MATI ON TECHNI QUES

OVERVI EW

This section provides a discussion and anal ysis of several
techni ques that can be used to estinmate the increase in NO em ssions
fromnobile sources in a specific study area over a given tine period.
It is intended that the em ssions growh estinated by these techni ques
be used to estimate the maxi mum NG, i ncrenment inpact due to the growth
in these source types that has occurred in the study area since the
basel i ne date.

The specific techniques anal yzed are chosen based on ease of use,
availability of required input data, and physical appropriateness. In
nost cases, the techniques are subject to certain physical assunptions
that greatly limt their usefulness and may only work well for certain
specific situations. A summary of these assunptions and limtations is
presented for each techni que.

The basic approach to estimating total .o emissions fromnobile
sources for a given study area is to estinmate the total vehicle mles
traveled (VTIM within the study area and to multiply this value by the
appropriate \ em ssions factor expressed in terns of grans per
vehicle-mle. The em ssions growmh is then cal cul ated as the
difference in the nobile source em ssions between the pernmt year and
t he baseline year. This nethodol ogy is sunmarized in the equation
bel ow

)Q = (VWMI, x EF;) - (VMIg x EFg)

wher e:

)Q = change in emission rate (grans/year)

VMT,, = total vehicle mles traveled in permt year

VMg = total vehicle mles traveled in baseline year

EF, = NO, emission factor in permt year
(grans/veh-mle)

EFg = NO, emi ssion factor in baseline year

(grans/veh-mle)

The appropriate o em ssion factors are easily obtai ned using the
MOBI LE-4. 1 nodel as discussed in a |later section. However, estimating
the total VMI for the study area is a nore difficult task. Therefore,
several different techniques are presented that may be used dependi ng
on the characteristics and availability of data for the specific study
area. These techniques are described bel ow and summarized in Table 1
Exanpl es of the use of these techniques are provided at the end of
this section.



VMl ESTI MATI ON METHODS

Direct Vehicle Counts

The nost accurate and representative nethod of estimating VM for
a given area is to directly count the nunber of vehicles that travel
on each road in the study area and to multiply these val ues by the
I ength of each road segnent. Unfortunately, this technique is
i npossi ble for all but the smallest study area . Wile local traffic
pl anni ng engi neers routinely performtraffic surveys and naintain
dat abases of vehicle volunmes for many roads in their cities, it is
unlikely that all of the vehicle mles are accounted for. Usually the
measurenents are made only along major highways and arterials. Traffic
counts for local roads and parking areas are not usually available. In
addi tion, representative vehicle counts are not always avail able for
each year.

For small study areas such as new subdivi sions or office parks,
however, this nethod may be quite useful. Detailed traffic surveys are
often required to be perforned in advance of these projects and
foll ow-up neasurenents are often nmade to validate the studies. If the
study area only contains a fewroads it may be quite easy to gather
this vehicle data. The city engineer or traffic planning office may be
contacted to obtain this data.

As discussed later in Section 5, it is often useful to estimate
em ssions froma single major road in a given study area in order to
estimate the maxi mum NGO, i ncrenent inpact. In this case, the only
techni que that may be used is a direct vehicle count. O her VMI
estimati on techni ques cannot be reliably used to estinmate enissions
al ong a single road link.

In summary, while direct vehicle counts are the best nethod for
estimating total VMI in a given study area, the lack of a conplete,
readily avail abl e database limts the situations where it may be
applied. This technique is inpractical for |large study areas, but may
be used for very small study areas or for single road segnents.

Area- Wde VMI Estinmtes

Each year, the Federal H ghway Adm nistration (FHW) publishes
the H ghway Statistics publication which contains annual hi ghway
statistics for the previous year. It sunmarizes nunerous traffic
paranmeters for all 50 States and for all netropolitan areas greater
t han 200, 000 in popul ation. One of the paraneters presented is an
estimate of the total VMI in the State or netropolitan area for that
particul ar year. These values are usually conputed fromlocal traffic
counts or gasoline consunption data, or a m xture of both.



If the study area for which an em ssion estimate i s needed
cl osely corresponds to one of the nmetropolitan area sunmarized, the
FHWA data is the quickest and easiest data source for an estimte of
total VMI in the study area. This VMI estimate may then be directly
multiplied by the appropriate em ssion factor to arrive at a total
em ssions estimate.

The advantages of this method are that the data are readily
avail able for all large netropolitan areas and that these data should
be fairly reliable. However, for maxi mum data correlation, the study
area boundaries should closely match those of the netropolitan area
itself. If the study area is nuch smaller or larger than the
nmetropolitan area, an assunption nust be made as to how to distribute
the VMI data within the given netropolitan area or state. This nethod
is also limted by the fact that the VMI data are available only for
large netropolitan areas. Thus, the area-w de VMI estimte techni que
cannot be used for cities with popul ati ons of I[ess than 200, 000.

Fuel Consunption Data

Theoretically, fuel consunption data (gasoline and diesel) can be
used to develop a VMI estimate that should be very close to what woul d
be obtained fromdirect vehicle counts. This nmethod sinply nultiplies
the fuel consumed in the study area by an average vehicle fue
efficiency expressed in mles per gallon, as shown in the equation
bel ow.
VMI = G x MPG

wher e: VMI = total vehicle mles travel ed per year
G = total fuel consunption (gallons/year)
MPG = average fuel efficiency (mles/gallon).

In many cases, a fuel consunption approach may be nore accurate
than the VMI estimates contained in the FHWA Hi ghway Statistics
publication since it Inplicitly accounts for all VMI, including mles
traveled in parking areas and on ni nor roadways that rmay be overl ooked
in the FHWA data. However, the major assunption that nust be satisfied
for this technique to be appropriate is that the fuel purchased in the
study area nust be entirely consuned within the study area.

Fuel sales data for a given year are usually available on a
county or nunicipality basis fromthe state tax collectors office. In
addi t1 on, annual summaries of fuel use for each State are available in
the FHWA H ghway Statistics publication. If the boundaries of the
study area closely correspond to the county or nunicipality
boundaries, then an estimate of total fuel consunption in the study
area can be derived fromstate fuel sales data. As the size of the
study area decreases, however, it is nore difficult to obtain accurate
fuel sales data. In addition, the assunption that all fuel purchased
in a given area is consunmed in that area becones i nappropriate as the
size of the area decreases. Therefore, this nethod is nost appropriate
for large cities or counties with easily obtainable fuel sales data.
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Once a fuel consunption estimate is made for the study area, an
estimate of the average vehicle fuel efficiency nust be obtained in
order to calculate VMI. This is the nost difficult aspect of this
techni que since the fleet-average fuel efficiency is dependent on many
factors such as the vehicle m x, average vehicle age, average vehicle
speed, and climate. It is unlikely that |ocal data concerning the
fl eet-average fuel efficiency will be readily avail able. Therefore,
Table 2 contains a sutmmary of fleet-average fuel efficiencies for the
years 1988 through 2007 that have been devel oped based on data
contained in the MOBILE-4.1 nodel. These estimates are based on
national average vehicle m xes and m | eage accunul ati ons, and do not
take into account |ocal variations in climte. However, they may be
used to get a quick estimate of the fleet-average fuel efficiency for
any given year

In summary, a fuel consunption approach is favored in area where
fuel sales data are readily available and satisfy the assunption that
fuel purchases in the study area are equivalent to fuel consunption in
the study area. This assunption is not appropriate for small study
areas, and this technique should not be directly applied in such
areas.

Per Capita Estinmates

In many cases, none of the approaches described above may be used
due to certain limtations or |lack of data. In such cases, state-w de
val ues of VMI fromthe FHWA manual or VMI estimates derived from
st at e-wi de gasoline sales nmay be used to develop a per capita estimte
of VMI. The per capita value nmay then be multiplied by the popul ation
of the study area to estimate the total VMI in the study area as shown
in the equation bel ow,

VMI; = VM, x P

wher e: VMI; = total vehicle mles travel ed
VMI, = average vehicle mles travel ed per person
P = popul ation of study area.

There are two major flaws to this nmethod. The first is that it
assumes that vehicle usage rates are the sane throughout the entire
state. This is probably not the case in states that have both |arge
urban and rural populations with greatly differing driving habits. The
second flaw is that this method assunmes that vehicle mleage can
actually be distributed correctly on a per capita basis. For |arge
study areas, a per capita distribution is probably appropriate since
nost of the mles driven by a person living in the study area wl|l
likely be driven within the study area itself. Any mles driven
outsi de the study area by that person are probably bal anced by niles
driven in the study area by those who do not |ive there. But for smal
study areas, it is unlikely that a person who lives in the study area
wll drive all of their mles in the that area, and there is no

guarantee that the nmiles driven el sewhere by that person will be
bal anced by others driving within the study area. This is especially
true in "comruter cities" where a large nunber of niles will be driven

wel| outside of the area in which the person |ives.
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Despite these flaws, a per capita approach is useful for |arge
study areas where fuel sales or FHWA VMI data are not available. In
addition, it is the only approach available for certain smaller study
areas within large nmetropolitan areas where conpl ete vehicle counts
are not avail abl e.

Summary of VMI Estinmation Methods

Table 1 summari zes the advant ages, di sadvantages, and |imtations
of the four VMI estimation nethods descri bed above. Based on these
factors, Table 3 contains a summary of the recomended net hods for
different types of study areas.

EM SSI ON FACTCRS

After the total VMI within the study area is estinated, the total
nox €M ssions from nobil es sources are calculated by multiplying the
total VMI tinmes a NO, em ssion factor expressed in grans per
vehicle-mle. The primary source of nobile em ssion factors is the
MOBI LE-4. 1 emission factor nodel. For a given evaluation year, this
nodel cal cul ates fl eet-average em ssion factors for NO, carbon
nonoxi de, and hydrocarbons. The nodel takes into account actual
vehicl e mi xes, m|eage accruals, vehicle registrations, clinmatology,
and the affect of inspection/naintenance (I1/M and anti-tanpering
prograns.

It is recomended that individual MOBILE-4.1 nodel runs be
perforned for the baseline year and pernmit year that take into account
| ocal clinmatol ogical characteristics, vehicle registrations and
accruals, and anti-tanpering and I/M progranms. However, if certain
i nput paraneters for the MOBILE-4.1 nodel are not avail able, default
NO, emission factors may be substituted. Table 4 contains the
em ssion factors cal cul ated by the MOBILE-4.1 nodel based on the
national default vehicle mx, vehicle registrations and nil eage
accrual s. These factors al so assunme no local I/Mor anti-tanpering
prograns, a low altitude |ocation, and an average tenperature of 50
degrees Fahrenheit.

An average vehicle speed in the study area nust be estimted for
both the baseline and permt years in order to select the correct
em ssion factors. This value may be difficult to obtain or estimate
accurately for nost areas. However, note that the NO enission factors
are al nost identical for vehicle speeds between 25 and 45 mles per
hour. Since the average vehicle speed alnost certainly falls in this
range for nost urban study areas, a precise estimte of the average
vehi cl e speed may not be necessary.



EXAMPLE CALCULATI ONS

Four exanpl e cal cul ations are provi ded bel ow t hat highlight each
of the VMI estimation techniques described earlier. Each exanple
assumes that the NO, mi nor source baseline date for the study area is
1989 and that the pernit year is 1993. The same hypothetical city is
used for all exanples, and each exanple is constructed to highlight
the nost appropriate application of the method being described. It is
assuned that the city has experienced explosive growh during this
four-year period, with the population growing 3.5 percent per year
from 400, 000 to 460, 000 peopl e.

Exanple #1 - Area-Wde VMI Met hod

Assune that the border of the study area being exam ned coi ncides
with the city limts of the hypothetical city and that the popul ation
of the city is greater than 200,000. In this case, the area-w de VMl
estimates contained in the FHWA Hi ghway statistics publication are the
nost readily avail abl e source of VMI data. Further assune that the
rate of VMI growth in 1993 equal ed popul ation growh rate for 1993.

Referring to the FHWA manual for 1989 and 1992 (hypothetically),
it is determned that the annual VMI is the foll ow ng:

Basel i ne year VMI (1989) = 2,920 mllion mles.
Permit year VMI (1993) = 1.035(3,565) = 3,690 million mles.

Next, total enissions for each year are cal cul ated using
MOBILE-4. 1. It is assuned that the average vehicle speed in the study
area is approximately 30 nmiles per hour, with default val ues being
used for the remaining vehicle fleet characteristics. Referring to the
default MOBILE-4.1 NO, emission factors contained in Table 4, the
appropriate \ox em ssion factors are:

1989 Em ssi on Fact or
1993 Em ssi on Factor

3.322 grans per vehicle mle.
2.470 grans per vehicle mle.



Using this data, the total NO; em ssions change for the study area is
cal cul ated bel ow.

(3,690 X 10°eh-mles/yr x 2.470 grans/veh-niles)-(2,920 x 10°
x 3.322 grans/veh-nil es)

)Q

9.114 X 10°grams/yr - 9,700 X 10%grans/yr

10, 046t ons/yr - 10, 692tons/yr = -646tons/yr

As cal cul ated above, the annual em ssion rate for the study area
decreases by 646 tons per year between the baseline date and the
permt year.

Exampl e #2 - Fuel Consunpti on Method

An alternate nethod of estimating VMI and eni ssions change for
the situation described in Exanple #1 is to use fuel consunption data.
Assune that state gasoline sales data indicate that the fue
consunption in the city is the follow ng:

1989 Fuel Consunption
1992 Fuel Consunption

154.2 nillion gallons
177.6 mllion gallons.

Fuel consunption data are not available for 1993, so the
appli cant and the reviewi ng agency reach an agreenent to estinate the
increase from 1992 to 1993 using the sane rate of change as occurred
bet ween 1991 and 1992 (11.7 mllion gallons). Thus,

1993 Fuel Consunption = 177.6 + 11.7 = 189.5 million gallons.

To estinmate total VMI in the city for each year, the
fl eet-average fuel efficiency nmust be obtained. Referring to the
EPA- derived default data on fuel efficiency in Table 2 yields the
fol | owi ng:

1989 Fuel Efficiency
1993 Fuel Efficiency

19.13 miles per gallon
19.58 niles per gallon.
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Usi ng these data, the total VMI in the study area are cal cul ated
bel ow for each year:

VMg = 154.2 x 10°gal lons x 19.13nmiles/gallon = 2,950 x 10°m | es

VM g93 = 189.5 X 10°gal lons x 19.58nmiles/gallon = 3,710 x 10°ni | es

Finally, the total o em ssions change for the study area is
cal cul ated using the NOX em ssion factors from Exanpl e #1:

(3,710 X 10%eh-miles/yr x 2.470granms/veh-nmiles) - (2,950 x
10%veh-ml es X 3.322grans/ veh-nil es)

)Q

9,164 X 10°grans/yr - 9,800 X 10°grans/yr

10, 101 tons/yr - 10,802 tons/yr = 701 tons/yr

As cal cul ated by this nethod, the annual average emi ssion rate
for the study area decreases by 701 tons per year between the baseline
date and the pernit year

Exanple #3 - Per Capita Method

An analysis of the growh patterns indicate that nost of the
popul ati on growth between 1989 and 1993 occurred in the northern part
of the city. Therefore, it is determned to restrict the study area to
just this part of the city. Since the FHM VMI data are not avail able
for only part of the city, the method in Exanple #1 is no | onger
appropriate. In addition, fuel consunption data is not available for
this pan of the city. This fact coupled with the necessary condition
that all fuel purchased in this part of the city nust be consuned in
this area, also rules out the nethod used in Exanpl e #2.

It is decided to use a per capita allocation of the city-w de VMl
estimate used in Exanple #1. The popul ati on of the new study area is
assumed to be the foll ow ng

1989 Popul ati on
1993 Popul ati on

30, 000 people (7.5 %of city-wide total)
70, 000 people (15.2 % of city-wi de total)

Mul tiplying the total VMI in the city found in the FHWA nmanual by
the fractional nunmber of people in the new study area yields the
foll owi ng estinmates of VM.

1989 vMr
1993 vMr

228 mllion mles
561 mllion mles.

0. 075( 2, 920)
0. 152( 3, 690)
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Finally, the total o emissions growh for the study area is
cal cul ated using the o enission factors from Exanpl e #1:

)Q = (561 X 10%veh-niles/yr x 2.470grams/veh-nmiles) - (228 x
10%veh-m |l es/yr X 3.322grans/veh-nil es)

1,386 X 10°rams/yr - 757 X 10°grans/yr

1,528tons/yr - 834tons/yr = 694tons/yr
As cal cul ated by this nmethod, the annual average em ssion rate

for the smaller study area increases by 694 tons per year between the
baseline date and the permt vyear.

Exampl e #4-Direct Traffic Count

It is observed that the explosive growh in northern part of the
city has greatly increased the traffic volunme on the three nmle
stretch of freeway that links this part of the city with the centra
busi ness district. Therefore, it is desired to estinmate the em ssions
growh along this link. The only appropriate method to estinate this
em ssions growh is to use direct traffic counts.

According to data obtained fromthe city engineer's office, the
following traffic characteristics have been measured for this stretch
of freeway:

1989 Average Traffic Vol une 80, 000 vehi cl es per day
1993 Average Traffic Vol une 130, 000 vehi cl es per day
1989 Average Vehicle Speed = 55 m | es per hour
1993 Average Vehicle Speed = 50 niles per hour.

The annual VMI for this road segnent is calculated by multiplying
the yearly traffic volunme tines the road | ength. This procedure yields
the followi ng VMI estimates for each year:

1989 VMI 87.6 mllion mles
1993 VMI 142.4 mllion mles.
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Referring to the default MOBILE-4.1 o em ssion factors contai ned
in Table 4 yields the followi ng em ssion factors for each year:

1989 Em ssi on Factor
1993 Em ssi on Fact or

4.373 grans per vehicle-nile
2.721 granms per vehicle-mle

Finally, the total o em ssion change attributable to the freeway |ink
i s cal cul ated bel ow

)Q = (142.4 X 10°eh-niles/year x 2.721grans/veh-niles) - (87.6 X
10%veh-mi | es/ year x 4.373grams/veh-niles

387 X 10%grams/year - 383 X 10°grans/year

427 tons/year - 422 tons/year = 5 tons/year

As cal cul ated by this nmethod, the annual average em ssion rate
for the road segnent increases by 5 tons per year between the baseline
date and the permt year
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SECTI ON 4

ESTI MATI NG EM SSI ONS FROM AREA SOURCES

For the purposes of this study, area sources are defined as al
em ssi on-causing activities that are not included in point source
em ssion inventories or included in the nobile source em ssions
estimate. For NO,, npst area source em ssions are contributed by
residential, comrercial, and industrial fuel conmbustion sources. O her
area sources of NO include solid waste di sposal and em ssions from
aircraft, railroad, and ship traffic.

In nost |ocations, area sources contribute only a fraction of the
total NO; em ssions. The contribution from nobile sources al one far
outwei ghs that of area sources. Therefore, a detailed accounting of
the increase in area source NO; emi ssions for use in analyzing NG
i ncrement consunption is not necessary, and a relatively sinple
technique for estimating the growh in area source enmissions is
present ed.

The U. S. EPA publishes an annual National Em ssions Report that
summari zes emissions estimates for the five criteria pollutants.?
Summary data are presented for the nation as a whole, for individua
states, and for Air Quality Control Regions (AQCR s) within States.

For NO,, the enissions estimates are nade for individual source
categories such as those descri bed above. These em ssion estinmates are
based on | ocal fuel consunption data, utility hook-up information

| ocal climatol ogy, and other information.

It is recomended that the em ssions estimates in the Nationa
Em ssi ons Report be used on a per capita basis to estinmate area source
em ssion increases. A "per capita" assunption for the nature of these
em ssions is appropriate since the growh in enissions for each area
source category can be directly linked to popul ation growth. However,
t he specific nmethod of applying these nunbers to an em ssions growth
estimate will vary depending on the size of the study area. Therefore,
two recommended net hodol ogi es for large and snall study areas are
summari zed bel ow.

LARGE STUDY AREAS

The National Em ssions Report divides area source em ssions into
the foll owi ng categories:

Resi denti al Fuel Conbustion

I ndustrial Fuel Conbustion
Commercial /I nstitutional Fuel Conbustion
Resi dential Solid Waste D sposa
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Industrial Solid Waste Di sposa
Commercial/lInstitutional Solid Waste Di sposa
Aircraft

Vessel s

M scel | aneous

The recommended procedure is to identify the AQCR in which the
study area is |l ocated and obtain the emission estinates for each of
the categories listed above for both the permt year and the baseline
year. |If the study area boundaries coincide with the AQCR boundari es,
then the change in NO, emissions is sinply the total NO; em ssions for
each of the categories |listed above in the pernit year minus the tota
em ssions in the baseline year. An exanple of this nmethod is provided
at the end of this section.

If the study area is smaller than the AQCR, however, the
em ssions nust be distributed on a per capita basis. For each source
category, the total NO; enissions are divided by the popul ati on of the
AQCR to estimate em ssions in tons per year per person in the ACQCR,
and then nmultiplied by the nunber of persons in the study area to
estimate the em ssions in the study area al one. Then the change in NO
em ssions is sinply the total NO, em ssions for the each of the
categories listed above in the permt year mnus the total em ssions
in the baseline yew.

A per capita assunption for these enission categories is probably
appropriate for a large study area since the enm ssion generating
activities sumarized in these categories all relate directly to
popul ation. In addition, it is assumed that these different types of
activities (industrial, comercial, residential, etc.) are all present
and uniformy distributed throughout the study area. |If these
assunptions are not true, then a straight per capita approach will not
work (see small study area approach bel ow. )

In many state enmission inventories. the em ssions contained in
the industrial source categories of the National En ssions Report may
al ready be summarized in the point source database. If is the case,

t he enissions contained in these categories should not be included in
the area source estimates. If there is sone doubt as to whether or not
they are included in the point source database, they should be
included in the area source estimate as a worst-case assunption

SVALL STUDY AREAS

As indicated above, when the study area is nuch snaller than the

AQCR, a per capita nethod of estimating area source enissions faces
some problens. For instance, assunme that the study area is largely
residential and does not contain any commercial or industrial areas,
but the estimate for the entire AQCR lists em ssions for these
categories. Distributing comrercial and industrial enissions in the
study area on a per capita basis would be incorrect since it would

i ncl ude em ssions sources that do not exist in the study area.
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Conversely, if the study area is largely industrial and contains no
resi dences, a per capita approach would estinmate zero area source
emssions in this area, which would clearly be incorrect.

To address these potential problens in small study area , it is
reconmended that the emissions estimate for each area source category
be anal yzed individually before being added to the total em ssions
estimate. For instance, residential em ssion sources should only be
included in the total estimate if there are actually residences
present in the study area. in this case, residential em ssions would
be estimated on a per capita basis. Simlarly, commercial and
i ndustrial em ssions should only be included if these activities are
actually present in the study area. In this case, the em ssions should
probably be apportioned based on estimates of the daytine (working)
popul ati on of the study area. This will avoid the problemof zero
em ssions estinmates in non-residential areas. Lastly, marine and
aircraft em ssions should only be included if such facilities are
actually located in the study area. An exanple of this nmethodology is
provi ded at the end of this section.

In some cases, the study area may be so small (such as individua
city blocks or new industrial parks) that using the data gathered on
an AQCR basis is totally inappropriate. In this case, there is no
sinpl e nethod of estimating eni ssions change. A detail ed enission
inventory should be created to estimate all area source em ssions.
This type of inventory may be devel oped by quantifying utility
hook- ups, individual fuel consunption records for each property, etc.

EXAMPLES

Two exanpl es of the nethodol ogi es descri bed above are provided.
Each exanpl e uses the same hypothetical city analyzed in the exanples
at the end of Section 3.

Exanple #1 - Large Study Area

Assune that the study area boundaries coincide with the
boundaries of the AQCR in which the study area is |located. To estinmate
the emi ssions increase, the National Em ssions Reports for 1989 and
1993 (hypothetically) are obtai ned and eni ssions estinates are
summari zed bel ow.
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1989 1993

Em ssi ons Em ssi ons
Sour ce Cat egory (tons/year) (tons/year)
Resi denti al Fuel Conbustion 400 435
I ndustrial Fuel Conbustion 610 640
Commercial /I nstitutional Fuel Conbustion 340 370
Resi dential Solid Waste Di sposal 210 230
I ndustrial Solid Waste Di sposal 10 10
Commerci al /I nstitutional Waste Di sposal 0 0
Al rcraft 320 370
Vessel s 210 225
M scel | aneous 230 245
Tot al 2,330 2,525

Fromthese data, it is calculated that the annual average
em ssion rate for the study area increased by 195 tons per year
bet ween the baseline date and the permit year.

Example #2 - Small Study Area

As nmentioned in Exanple #3 in Section 3. nost of the growh since
1989 has occurred in the northern section of the study area. This part
of the study area contains no airport or marine facilities. In
addition, there are no industrial sources. Therefore, these source
categories are not included in the em ssions estinmate. However, there
is auniformmx of residential and conmercial/institutional sources.

Assunpt i ons 1989 1993

Popul ati on of Study Area (AQCR) 400, 000 460, 000
Popul ati on of Northern Section of Study Area 30,000 70, 000
Percent of Population in Northern Section 0. 075 0. 152

Distributing the emssions listed above on a per capita basis, and
assum ng a popul ation growh in the entire AQCR from 400, 000 to 460, 000
people and from 30,000 to 70,000 people in the northern section of the
study area yields the em ssions estinmates sunmari zed bel ow. The nunbers
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on the table bel ow were derived by multiplying the percentage of the
AQCR popul ation in the northern section of the study area tines the
annual em ssions listed on the previous table for each source type, as
illustrated by the followi ng sanpl e cal cul ati ons:

1989 Residential fuel conmbustion = 0.075(400) = 30 tons/year
1993 Residential fuel conbustion = 0.152(435) = 66 tons/year
1989 1993
Em ssi ons Em ssi ons
Sour ce Cat egory (tons/year) (tons/year)
Resi dential Fuel Conbustion 30 66
| ndustrial Fuel Conbustion 0 0
Comrercial /I nstitutional Fuel Conbustion 25 56
Resi dential Solid Waste Di sposal 16 35
I ndustrial Solid Waste Di sposal 0 0
Commercial /I nstitutional Waste Di sposal 0 0
Aircraft 0 0
Vessel s 0 0
M scel | aneous 17 37
Tot al 88 194

Fromthese data, it is calculated that the annual average
em ssion rate for the northern section of the study area increases by
106 tons per year between the baseline date and the pernit year.
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SECTI ON 5

DI STRI BUTI NG EM SSI ONS CHANGE

Once the magnitude of the emi ssions change has been estimated, it
is then necessary to nake an assunption regarding the distribution of
the emi ssions change within the study area so that anbient inpacts may
be correctly estimated. This is perhaps the nost crucial step in the
process of estimating NG, i ncrenent imnpacts since an incorrect
assunption regarding the distribution of the enm ssions change may | ead
to a significantly different estimate of the increnment inpact.

In general, the nost effective way of distributing nobile source
and area source em ssions across a wide area is to divide the study
area into grid squares and allocate the em ssions into each individua
grid square. Various nethodol ogi es have been devel oped to allocate
nobi |l e and area source em ssions to individual grid squares. However,
t hese net hodol ogi es require a careful analysis of [and use, popul ation
distributions, and traffic distributions, and can be quite
| abor-intensive. Therefore, one of the purposes of this study is to
identify when a gridded analysis of the em ssions change is not
necessary so that a relatively sinple approach to estimating the NG
i ncrenment inpact can be devel oped for these situations.

When addressing the need for a gridded em ssions inventory, it is
useful to exami ne nobile source and area source eni ssions separately.
Therefore, a nethodol ogy for determ ning the need for a gridded
em ssions inventory is presented for each source type.

MOBI LE SCURCE EM SSI ONS

Al l ocating the change in nobile source em ssions over a given
study area is the npost chall enging and | east precise aspect of the
entire NGO, i npact estimation process. This is because nobil e source
em ssi ons cannot be easily neasured or described on a spatially
aver aged basis. The eni ssions thensel ves are concentrated al ong narrow
I ine sources whose intensity changes year-to-year as traffic patterns,
vehi cl e usage, emnission factors, meteorol ogy, and popul ati on change.
Since the em ssions are concentrated in |line sources and smal |,

i ntense area sources (such as parking areas), apportioning the

em ssions into |large area sources and spatially averaging the

em ssions across the area source is not an appropriate assunption in
many cases. Such an approach can not account for the inpact of an

em ssions "hotspot" (such as a najor freeway) that may be | ocated
within the area source, and greatly underestinmate the actual NO

i ncrement consunption at or near the hotspot.
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Due to these factors, the application of any "sinple" approach to
al l ocating nobil e source em ssions changes will be greatly linited. It
is probable that in many cases a nore detailed distribution of the
em ssions into snmall grid squares and |ine sources, and a subsequently
nore difficult nodeling procedure, will be necessary. Nevertheless, a
framework for determ ning whether a nore detail ed em ssions inventory
is required is provided below This framework consists of a two-step
set of questions concerning the nature of the emi ssions in the study
area and the study area's location with respect to the inpact area of
the PSD source being evaluated. A flowchart of this decision framework
is shown in Figure 1

Question #1 Do the study area and the inpact area of the proposed
source overl ap?

Yes. If the study area and inpact area overlap, a detailed
inventory allocation may be required. Proceed to Question #2.

No. If the study area is located entirely outside of the inpact
area of the PSD source, then a detailed distribution of the estinated
em ssions change is not required. An exanmple of this situation is when
t he proposed PSD source is located in a rural area outside of a nearby
city. In this case, the em ssion change may be spatially averaged

across the study area, and the inpact of this em ssions change can be

estimated using the procedures described in Section 6.

The reason that a precise distribution of the em ssions change is
not necessary is that as the distance fromthe source (a city in this
exanpl e) increases, the inpact of all of the individual |ine and area
sources within this source begin to approxinate that of a single,
| arge area source

Question #2 Has there been a noticeable change in em ssions al ong
any individual road link within the portion of the
study area that overlaps the inpact area?

Yes. If there has been a noticeabl e change in em ssions along an
i ndividual road link located within the inpact area of the proposed
source, it is possible that there is a NO, i ncrenent "hotspot" that
woul d be nissed by spatially averaging the em ssions across the entire
study area. In this case, sone degree of gridding of the nobile source
em ssions is required, and consideration should be given to nodeling
some of the road links as individual |ine sources.

Det ermi ni ng whet her an em ssion change along a road link is
"noticeable" is left up to the reviewing agency and the pernit
applicant. The easiest way to screen for "noticeabl e changes"” is to
identify the individual road link within the study area that has
experienced the greatest traffic increase over the period being
exam ned and to estimate the emnissions change over this link using the
met hodol ogy presented in Section 3. If this procedure indicates an
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em ssion increase along this link, then the inpact of this increase
can be estimted using the procedures outlined in Section 6 for line
sources. If the inpact is determned to be noticeable,” then the

revi ewi ng agency and permnit applicant nay decide that a nore detail ed
inventory is required

No. If no individual road links within the study area have shown a
noti ceabl e change in emissions, it is then appropriate to spatially
average the em ssions change across the entire area. In this case, it
is likely that the study area actually has experienced a net decrease
in NO, em ssions due to the steady decrease in NO, em ssions factors
for nobile sources. Since no "hotspots" of increnment consunption exist

either, spatial averaging is an appropriate "worst-case" assunption

If only a small portion of the study area overlaps with the
i npact area of the proposed source, it is possible that there are
noti ceabl e em ssions increases along road |inks |ocated in other
portions of the study area, but not within the inpact area itself.
Unl ess these road |inks are | ocated i medi ately adjacent to the inpact
area, it is still appropriate to spatially average the em ssions
change across the entire study area. In this case, spatial-averaging
will tend to overestimate the inpact that is occurring within the
portion of the study area that overlaps the inpact area.

AREA SQURCE EM SSI ONS

Di stributing area source em ssions changes throughout the study
area i s sonewhat sinpler than distributing nobile source em ssions
since the source |ocations and intensities do not change as
drastically fromyear-to-year. Mst of the growh in area source
em ssions can be attributed to new devel opnent within existing areas
or expansi on of urban devel opnent to previously undevel oped areas. In
addition, as nentioned in Section 4, npst of the area source en ssions
categories can be directly linked with popul ation, providing, a
readi |y avail abl e surrogate for distributing the em ssions change.

However, sinply assuming a spatially-averaged em ssion rate
change over the entire study area is not always correct. It is
possible that there are "hotspots" of devel opnment within the study
area, simlar to those discussed for nobile sources, that nust be
eval uated. Therefore, a simlar framework to that provided for nobile
source em ssions changes is presented for area sources to help
determ ne whether a gridded anal ysis of the em ssions change is
required. A flowchart of this decision franework is shown in Figure 1.
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Question #1- Do the study area and the inpact area of the proposed
source overl ap?

Yes. If the study area and inpact area overlap, a detailed
i nventory may be required. Proceed to Question #2.

No. As with nobile source emssions, if the study area is |ocated
entirely outside of the inpact area of the PSD source, then a detail ed
distribution of the estimted eni ssions change is not required. In
this case, the enission change nay be spatially averaged across the
study area, and the inpact of this em ssions change can be esti mated
usi ng the procedures described in Section 6.

Question #2 Has there been a noticeable variation in the growh
pattern of residential, commercial/institutional or
i ndustrial facilities within the study area?

Yes. If the estimate of the area source enissions change over the
study area indicates an increase in the em ssions fromany of the
source categories listed, it is possible that a spatially-averaged
distribution of this em ssions change is not appropriate. For
instance, if a new residential subdivision was constructed within a
| arge study area but no other new residential sources were constructed
anywhere el se, spatially-averaging this em ssion increase would mss a
potential NGO, i ncrement "hotspot".

Det erm ni ng whet her the variation in the growh of new
devel opnent is inportant is left up to the review ng agency and the
permt applicant. One nethod to determne if the growmh variation is
inmportant is to identify the sub-area of the study area that has
experienced the nost growh for one of the source categories |isted,
and to estimate the enissions change over this sub-area using the
met hodol ogy presented in Section 4. Then the inpact of this increase
can be estimted using the procedures outlined in Section 6 for area
sources. If the inpact is determned to be "noticeable,” then the
revi ewi ng agency and permnit applicant nay decide that a nore detail ed
(gridded) inventory is required.

No. If there has been no variation in the growh of the sources in
the categories listed in Section 1, a spatial average of the em ssions
change (if any) is appropriate. In addition, if variances in the
growh rates are identified but are determined to be "insignificant"

using the procedures |isted above, then a spatial average may be used.
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SECTI ON 6

ADDI TI ONAL CONSI DERATI ONS

The validity of the nethodol ogy presented in this report is based
on a maj or assunption, that all of the data required to estimte
em ssions in the permt year are imediately available. Unfortunately,
this assunption is not true in all cases, and special consideration
must be given to the effects that this assunption may have on the
estimated inpacts.

DATA AVAI LABI LI TY

To estinmate the net NOg eni ssions increase requires data
concerning both the baseline year and the permt year. Since, in nost
cases, the pernit year is the current year, nany of the data sources
cited in this report will not yet be available. For instance, the FHWA
annual Hi ghway Statistics publication is usually not available unti
eight nonths after the end of the year being summarized. In this
situation, the reviewing authority and the PSD applicant nmust agree on
a nethod of extrapolating the data fromthe nost recent yew avail abl e.

It is anticipated that this will not pose a great problem for nobst
areas. Only for areas with explosive growth in a particul ar area of
the city or in the enissions of a particular source category will an

extrapol ation greatly m scal culate the conditions in the permt year.
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SECTI ON 7
SUMMVARY

This report has detailed methods that may be used to estimate NO;
em ssions increases and NO, i ncrenent inpacts fromnobile and area
sources. These nethods may be used in many situations to determne
whet her detailed em ssions inventories are required to estimte NGO,

i ncrement consunption

It is likely that the nmethods presented in this report may not be
appropriate in many situations. For instance, the nethods presented
for estimating NO; em ssions increases from nobile sources cannot be
used when there are significant variances across the study area in the
rate of emissions growh. This situation, however, frequently occurs
in rapidly developing cities, where the growth is often concentrated
in certain sectors of the city. In this situation, the only
appropriate nmethod for analyzing the NO em ssions growth and NG,

i ncrement inpacts is to develop a gridded enissions inventory and
performa detail ed di spersion nodeling anal ysis.

However, the nethods presented in this report will be useful in
devel opi ng the data base for estinmating NO, i ncrenment inpacts for
smaller cities and in areas that are not experiencing rapid grow h.
They are also quite appropriate for use in analyzing the inpacts of
em ssions fromnearby or distant cities at the |ocation of the
proposed PSD source.
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TABLE 1. SUWARY OF VMI' ESTI MATI ON TECHNI QUES

Techni que Advant ages Di sadvant ages
Direct Mbst accurat e net hod | mpossible to obtain data
Vehi cl e for large areas
Area-w de Data is easily obtained Data not avail able for
VMT in large areas netropolitan areas with
esti mat es popul ati ons | ess than
200, 000
May not include all niles
travel ed on mnor roads
Fuel Data is easily obtained Assunes all fuel purchased
Consunpti on in |large areas in study area is consuned
Dat a in the study area
Includes all mles
travel ed on m nor roads
Per Good for small study Assunes simlar vehicle
Capita ar eas usage in all areas
Esti mat es

Assunes all mles traveled
in a given study area are
only from people who live
in the study area
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TABLE 2. FLEET AVERAGE FUEL EFFI CI ENCY

Year Fuel Efficiency Year Fuel Efficiency
(npg) (Mg)
2007 19. 32 1997 19.52
2006 19. 35 1996 19.54
2005 19. 37 1995 19. 56
2004 19. 39 1994 19. 58
2003 19. 42 1993 19. 58
2002 19. 45 1992 19. 53
2001 19. 45 1991 19. 46
2000 19. 52 1990 19. 32
1999 19. 57 1989 19.13
1998 19. 56 1988 18. 87

TABLE 3. RECOVMENDED VMI ESTI MATI ON TECHNI QUES

Study Area Reconmended Techni ques
Large city with popul ation > 200, 000 Area- Wde VMI
Esti mat es

Fuel Consunption Data

Large county w th popul ati on < 200, 000 Fuel Consunption Data

Smal | city with popul ation < 200, 000 Per Capita Estimate

Portion of city which is experiencing Per Capita Estinate
expl osi ve growt h P

I ndi vi dual road segnent Direct Vehicle Count

Cty block or small subdivision Direct Vehicle Count
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TABLE 4. MOBI LE-4.1 EM SSI ON FACTORS FOR NO,
( GRAVS/ VEHI CLE M LE)

Vehi cl e Speed (m | es/hour)

Year 15 20 25 30 35 40 45 50 55

1999 3.876 |3.692 (3.540 [3.474 |3.472 |3.527 |3.649 [3.996 |4.607
1989 | 3.761 [3.568 |3.400 |3.322|3.310 |(3.357 |3.472 |3.789 |4.373
1990 3.596 |3.399 [3.221 [3.133|3.112 |3.152 |3.257 [3.552 (4.094
1991 | 3.353 [3.164 |2.990 |2.994 |2.954 (2.982 |2.972 |3.234 |3.723
1992 3.107 |1 2.930 (2.746 |2.648 | 2.612 |2.631 |2.707 |[2.941 | 3. 382
1993 || 2.918 [2.751 |2.569 |2.470 |2.430 |2.443 |2.510 |2.721 |3.126
1994 2.758 |1 2.598 (2.416 [2.315|2.273 |2.281 |2.339 |2.533 |2.907
1995 || 2.571 |2.422 | 2.244 |2.144 |2.100 [2.102 |2.151 |2.326 |2.667
1996 2.425 12.296 (2.111 [2.011 |1.965 |1.964 |2.006 |2.166 |2.482
1997 || 2.334 [2.192 |2.012 |1.908 |1.957 [1.852 |1.890 |2.039 |2.334
1998 2.245 12.109 (1.929 [1.823|1.770 |1.761 |1.793 |[1.931 |2.208
1999 2.171 | 2.038 |1.859 [1.754(1.701 (1.691 (1.721 |1.851 |2.115
2000 2.127 11.995 (1.816 [1.711|1.657 |1.646 |1.674 |1.800 |2.056
2001 (| 2.084 [1.954 |1.775 |1.668 |1.613 |1.600 |1.627 |1.748 |1.995
2002 2.055 |1.925 (1.746 [1.640 |1.585 |1.571 |1.597 |[1.716 |1.957
2003 [ 2.028 [1.899 |1.720 |1.614 |1.558 |1.544 [1.569 |1.685 [1.922
2004 2.012 11.883 [1.704 |[1.597 |1.540 |1.525 |1.549 (1.664 |1.897
2005 [ 2.005 [1.876 |1.096 [1.589 |1.533 |1.518 |1.542 |1.656 |1.898
2006 1.966 [1.940 (1.662 |1.556 |1.501 |1.495 [1.508 |[1.619 |1.845
2007 1.953 |1.828 |1.651 |1.545(1.490 (1.474 |1.497 |1.606 |1.831
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Figure 1. Decision framework for determ ning appropriate

nodel i ng approach for nobile sources

Do the study areas and the
area of inpact overlap

YES NO
I |
Detail ed Detail ed
eni ssi ons enissions
i nventory MAY be inventory NOT
required required
Identify roadlinkin Identify road |ink

area of overlapwth

greatest traffic

i ncrease with greatest

traffic increase

i medi at el y adj acent
to area of overlap

Esti mate

em ssi ons
i ncreases for

t hose r oadl i nks

I's em ssions

i ncrease noti ceabl e

YES NO
Det er m ne eni ssi ons I's em ssions
i mpact s usi ng i mpact of either
nmet hodol ogy in road |ink
sec. 6 noti ceabl e
YES NO

Ref i ned nodel i ng
required
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