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Joint Study on SF6 

Electric Equipment 
Manufacturers 

Electric 
Technology 

Research 
Association 

Electric Power 
Companies 

Academy 
(Universities in Japan) 

Chairman: Prof. 
Takuma (Kyoto Univ.) 

from 1996 to 1998 
Gas Producer 
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� Actual Usage in Japan 
�� Total SFTotal SF66 amount for Electric Industryamount for Electric Industry 
�� Actual Emission within Electric IndustryActual Emission within Electric Industry 

� Investigation on site 
�� Gas Leakage RateGas Leakage Rate 
�� Gas Purity & HumidityGas Purity & Humidity 
�� Decomposition ProductDecomposition Product 

� Requirement for Reused SF6 

Joint Study on SF6 
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Gas Producer 
Production ton 
Oversea Export ton 
Domestic Use ton 

Other Industries 

1,500t 

100t 
(Return) 

550t 

400t (emission) 50t (emission)200t (emission) 

Equipment 
Manufacturers 

Electric Power 
Companies 

Other Industries 

Averaged SF6 Balance Sheet In Japan 
(From 1990 to 1995) 

2,300: 
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Actual Emissions 
at Electric Power Companies(up to 1995) 

Maintenance Removal Leakage 

110kV or 
higher 

Recovery 
down to 0.05 
MPa(gage) Fully 

released 0.1%/year 
Lower than 

110kV 
Fully 

released 
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Investigation on site 
(300 points on 40 Circuit Breakers in operation) 

Leakage Rate 
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Purity Above 98.7 vol% 
Humidity Below 118 volppm 

Decomposition 
Products 

Not detected 
The detectable levels of measurement are HF>0.25volppm, 
SO2>0.05volppm, SOF2>10volppm and SO2F2>10volppm 

1 10 100 1000 10000 10000 

1 
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Gas Volume per O-ring Length 
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Below 0.1% / year 
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Recovery Targets 

Recovery terminal 
pressure Recovery rate 

Lower than 
110 kV 

110 kV or 
higher 

Lower than 
110 kV 

110 kV or 
higher 

Before 
1995 

During testing No Recovery No Recovery 
During 
manufacture 0 - 0.05 MPa·G Approx. 70% 

During 
installation/ 
maintenanc 

No 
Recovery 

0 - 0.05 
MPa·G 

No 
Recovery 

Approx. 
70% 

During 
removal No Recovery No Recovery 

In the future 
(from 2005 
onward) 

During testing/ 
Manufacture/ 
Installation/ 
maintenance 

0.015 MPa·abs 
(114 Torr) or lower 97% or higher 

During 
removal 

0.005 MPa·abs 
(38 Torr) or lower 99% or higher 
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Quality criteria for Recycle SF6 

Permissible limits Criteria 

SF6 gas purity 95 vol. % 97 vol. % 

Air (5 vol. %) 
(3vol. %) 

includingCF4 

Equipment without 
Current Interruption 1000 ppm (vol.) 500 ppm (vol.)Water 

content 
Equipment with 

Current Interruption 300 ppm (vol.) 150 ppm (vol.) 

Dissolved gases/decomposition 
products 

- No color reaction 
in detecting tube 

To be Reused 
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Gas 
Suppliers Manufacturers Utilities 

Reuse 

Nonstandard GasRefine 
Decomposition 

Reuse 

SF6 Recycling flow & StandardSF6 Recycling flow & Standard 

Reuse 

Recycle Standard 

Requirement for Reused SF6 
SF6 Recovery Ratio 
in Internal Inspection 

Purity :97vol% 
Humidity :150volppm 
Decomposition Products: Not Detected 

90% in 2000 
97% in 2005 
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Voluntary Action Plan (1998) 

Organizations of 
Utilities and Manufacturers 

(FEPC) (JEMA) 

The Voluntary Action plan 
in 

April 1998 

Electric 
Technology 
Research 

Association 

Recommend 
SF6 Recycling Guide 

MITIEA 

Administrative Organ 

2000 2005 
SF6 

Emission 280 ton 70 ton 

EA Environment Agency 
MITI : Ministry of International Trade 

and Industry 

: 

(In 1998) 

PDF created with FinePrint pdfFactory Pro trial version http://www.pdffactory.com 

http://www.pdffactory.com


1414 

Voluntary Actions 
by Electric Power Companies 

Target for Recovery Rate 
�� Usage ( During Maintenance Work ) Usage ( During Maintenance Work ) 

1990 1990 –– 1995  1995 by 2000    by 2000 
by 2005    by 2005 

�� Disposal (During Replacement Work) Disposal (During Replacement Work) 
1990 1990 –– 1995    1995 by 2005    by 2005 

>>   60%    >> 60% 90% 90% 
97%97% 

>>   0%   >> 0% 99%99% 
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Voluntary Actions 
by Equipment Manufacturers 

Target for Emission 
�� 1990 1990 –– 1995  ton  1995 ton by 2000   ton by 2000 ton 

by 2005     tonby 2005 ton 
Target for Gas Recovery & Usage 
�� Development of High Performance Gas Development of High Performance Gas 

Handling Equipment Handling Equipment 
�� Development of Compact Gas Insulated Development of Compact Gas Insulated 

Equipment With Minimum SFEquipment With Minimum SF66 gasgas 

400 >> 400 >> 240240
3030
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Voluntary Actions 
by the Concerned Parties 

� Improvement of Inventory System 
�� Record of SFRecord of SF66 Gas Amount at Every Job  Gas Amount at Every Job 
�� Annual Report to Government relating to Annual Report to Government relating to 

Progress of SFProgress of SF66 Gas RecoveryGas Recovery 

� Promotion of Gas Recovery 
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Recovery Rate from Equipment 
by Electric Power Companies 
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SF6 Recovery Rate 
by Equipment Manufacturers 
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Standardized Workflow of SF6 handling
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ＳＦ６ｶ ｽ゙  回収ー充填手順表（Ｎｏ７ ）

順序 設備名 状態 操作機器名 操作内容 確認 備考
1 蒸発器予熱 完了
2 真空ﾕﾆｯﾄＶ１３バルブ
3 真空ﾕﾆｯﾄＶ１４バルブ
4 真空ﾕﾆｯﾄＶ２バルブ
5 真空ﾕﾆｯﾄＶ２１ﾊ ﾙ゙ﾌﾞ
6 真空ﾕﾆｯﾄ充填上乗せﾀｲﾏＴＭ３    分 回収装置側の充填配管圧力0.49Mpa
7 に上昇後の充填運転継続時間の設定
8 ｽﾄﾚｰｼ ﾀ゙ﾝｸＶ１１ﾊ ﾙ゙ ﾌﾞ → 開
9 真空ﾕﾆｯﾄＧＶ１１ﾊ ﾙ゙ﾌﾞ 開
10 真空ﾕﾆｯﾄＶ１２バルブ → 開
11 真空ﾕﾆｯﾄＶ１５バルブ → 開
12 真空ﾕﾆｯﾄＶ１バルブ → 開
13 ＣＢ本体元バルブ → 開
14 真空ﾕﾆｯﾄ「充填運転」ＳＷ 運転
15 真空ﾕﾆｯﾄ二方口電磁弁SOV5- A 開 (NC)
16 真空ﾕﾆｯﾄ二方口電磁弁SOV5- A 開 (NC)
17 真空ﾕﾆｯﾄ二方口電磁弁SOV６ 開 (NC)
18 真空ﾕﾆｯﾄ「充填運転」ＳＷ 点灯
19 真空ﾕﾆｯﾄ「蒸発器運転」ＳＷ 点灯 予熱完了しないと、ＦＶ「開」操作禁止
20 真空ﾕﾆｯﾄｵｲﾙﾎ ﾝ゚ﾌ O゚P 運転
21 真空ﾕﾆｯﾄFVﾊ ﾙ゙ ﾌ 流゙量調整弁 少開 調整繰り返し
22 真空ﾕﾆｯﾄREV2(減圧弁) 少開 調整繰り返し
23 真空ﾕﾆｯﾄ流量計ＦＩ 175 I/ h FVﾊ ﾙ゙ ﾌ に゙て調整（調整後開度保持）
24 真空ﾕﾆｯﾄREV2 ２次側圧力 5.5k REV2にて調整
25 真空ﾕﾆｯﾄ圧力計PIS(H) 動作 充填配管圧力0.5Mpa(5k)まで上昇
26 真空ﾕﾆｯﾄ充填上乗せﾀｲﾏＴＭ３ 動作
27 充填上乗せ時間経過
28 真空ﾕﾆｯﾄ二方口電磁弁SOV5- A 閉
28 真空ﾕﾆｯﾄ二方口電磁弁SOV5- A 閉
29 真空ﾕﾆｯﾄｵｲﾙﾎ ﾝ゚ﾌ O゚P 停止 「Ｈ」も停止
30 ３０秒後
31 真空ﾕﾆｯﾄ二方口電磁弁SOV6 閉
32 真空ﾕﾆｯﾄ「充填運転」ＳＷ 停止 「ブザ-停止」を押してブザ-停止
33 真空ﾕﾆｯﾄ「蒸発器運転」ＳＷ 停止
34 ＣＢ本体元バルブ 開→閉
35 真空ﾕﾆｯﾄＶ１バルブ 開→閉
36 真空ﾕﾆｯﾄＶ１５バルブ 開→閉
37 真空ﾕﾆｯﾄＶ１２バルブ 開→閉
38 ｽﾄﾚｰｼ ﾀ゙ﾝｸＶ１１ﾊ ﾙ゙ ﾌﾞ 開→閉
39 以下余白
40
41
42
43
44
45
46
47
48
49
50
51
52
53

ガス充填運転

ＳＦ６ｶ ｽ゙  回収ー充填手順表（Ｎｏ４ ）

順序 設備名 状態 操作機器名 操作内容 確認 備考
1 ホース 真空引き完了
2 回収装置 真空引き完了
3 真空ﾕﾆｯﾄＶ４バルブ
4 真空ﾕﾆｯﾄＶ５バルブ
5 真空ﾕﾆｯﾄＶ１５バルブ
6 真空ﾕﾆｯﾄＶ２１バルブ
7 圧縮ﾕﾆｯﾄＶ１６バルブ
8 ｽ ﾄﾚｰｼ ﾀ゙ﾝｸＶ１０バルブ
9 ｽ ﾄﾚｰｼ ﾀ゙ﾝｸＶ１１バルブ
10 真空ﾕﾆｯﾄ真空上乗せタイマＴＭ２     分 20Torr到達後の運転時間設定
11 真空ﾕﾆｯﾄＶ１バルブ → 開
12 真空ﾕﾆｯﾄＶ２バルブ → 開
13 真空ﾕﾆｯﾄＶ３バルブ → 開
14 真空ﾕﾆｯﾄＶ６バルブ → 開
15 圧縮ﾕﾆｯﾄＶ７バルブ → 開
16 圧縮ﾕﾆｯﾄＶ８バルブ → 開
17 ｽ ﾄﾚｰｼ ﾀ゙ﾝｸＶ９バルブ → 開
18 ＣＢ本体元バルブ → 開
19 真空ﾕﾆｯﾄ「回収運転」SW 運転
20 真空ﾕﾆｯﾄ「回収運転」SW 点灯
21 圧縮ﾕﾆｯﾄ 圧縮機Ｃ 運転
22 圧縮ﾕﾆｯﾄ 電動ﾌｧﾝFA1 運転
23 圧縮ﾕﾆｯﾄ 電動ﾌｧﾝFA2 運転
24 真空ﾕﾆｯﾄ電動ﾎ ﾞー ﾙ弁ＭＶ１(NC） 開 ＊減圧弁REV1により圧縮機Cの吸込圧力
25 圧縮ﾕﾆｯﾄ二方電磁弁SOV4(NO） 閉 0.25Mpa以下に調整される。
26 真空ﾕﾆｯﾄ圧力計PS1（接点付） 動作 回収圧力- 0.02MPa以下圧力SW動作
27 真空ﾕﾆｯﾄ真空ポンプＶＰ１ 動作
28 真空ﾕﾆｯﾄ二方電磁弁SOV1（ＮＣ） 開
28 真空ﾕﾆｯﾄ電動ﾎ ﾞー ﾙ弁ＭＶ１(NC） 閉
29 真空ﾕﾆｯﾄ二方電磁弁SOV4(NO） 閉
30 真空ﾕﾆｯﾄ真空ｽｲｯﾁＶＳ 動作 Ｓ計- 740＝20Torr
31 真空ﾕﾆｯﾄ真空計ＶＩＳ 20Torr以下
32 真空ﾕﾆｯﾄ真空上乗せタイマＴＭ２ 動作
33 真空回収上乗せ時間経過
34 真空ﾕﾆｯﾄ二方電磁弁SOV1（ＮＣ） 閉
35 １０秒後
36 圧縮ﾕﾆｯﾄ 圧縮機Ｃ 自動停止
37 圧縮ﾕﾆｯﾄ 電動ﾌｧﾝFA1 自動停止
38 圧縮ﾕﾆｯﾄ 電動ﾌｧﾝFA2 自動停止
39 真空ﾕﾆｯﾄ真空ポンプＶＰ１自動停止
40 真空ﾕﾆｯﾄ電動ﾎ ﾞー ﾙ弁ＭＶ2(NＣ） 開
41 真空ﾕﾆｯﾄ二方電磁SOV2(NO） 開
42 圧縮ﾕﾆｯﾄ二方電磁SOV４(NO） 開
43 ２分後
44真空ﾕﾆｯﾄ電動ボール弁ＭＶ２（NC) 閉
45 真空ﾕﾆｯﾄ「回収運転」SW 消灯 ブザー停止」を押してブザー停止
46 ＣＢ本体元バルブ 開→閉
47 真空ﾕﾆｯﾄＶ１バルブ 開→閉
48 真空ﾕﾆｯﾄＶ２バルブ 開→閉
49 真空ﾕﾆｯﾄＶ３バルブ 開→閉
50 真空ﾕﾆｯﾄＶ６バルブ 開→閉
51 圧縮ﾕﾆｯﾄＶ７バルブ 開→閉
52 圧縮ﾕﾆｯﾄＶ８バルブ 開→閉
53 ｽ ﾄﾚｰｼ ﾀ゙ﾝｸＶ９バルブ 開→閉

以下余白

（注意事項）回収運転時 ストレートタンク内のＳＦ6液量が９０％以上で回収完了と同様に自動停止します。

ガス回収運転
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Improvement of Inventory system 

� Efficient use of SF6 recovery equipment 
�� Share largeShare large--capacity recovery equipment among capacity recovery equipment among 

the electric companiesthe electric companies 
�� Coordinate the maintenance work scheduleCoordinate the maintenance work schedule 

� Brush up the existing inventory system 
�� Standardized procedure for SFStandardized procedure for SF66 handlinghandling 
�� Standardized measuring method and equipmentStandardized measuring method and equipment 
�� Share the common understanding for recycle SFShare the common understanding for recycle SF66 

handlinghandling 
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SF6 Inventory by Standardized work slip 

� Work slip for 
�� Initial FillingInitial Filling 
�� Handling at Handling at 

maintenance maintenance 
�� Recovery atRecovery at 

Equipment disposalEquipment disposal 
�� Return toReturn to 

SF6 producerSF6 producer 
�� SF6 disposalSF6 disposal 

at gas producerat gas producer 
�� RemainingRemaining 

SF6 in ContainerSF6 in Container 

Type of 
Work 

CB[A] CH[B] Others [C] total 

1 

Banking volume at New installation & extention 

Type of 
Unit 

Site name New installation/Extention/Others 

Handli 

Unit/Equip. 
No. 

Filling volume (kg)Rated 
gas 

pressure 
Typeform 

Unit No. 

mbient 
Temp 
degC) 

Humidity(%) 

Type of Equipment 

Substation/Place 

Rated gas pressure (Mpa. Gage) 

tainer 

eria 

(Mpa at 20 deg.C) 

(Mpa at 20 deg.C) 

Mpa at 20 deg.C) 

Design SF6 volume (kg) 

Volume of gas compartment (m3) 

Gas pressure before work (Mpa gage) 

Recovery terminal pressure (Mpa abs.) 

Date of Work 

Type of Work 

SF6 Handling Volume 

Handling Date: 

Measuring 
Instrument Type form Reg. No. Measuring 

Values Date Ambient 
Temp.(degC) 

Purity 
(Vol%) 

Water Contents 
(Volppm) 

Dissolved gas (HF) 
(Volppm) 

Classification of returned SF6 

Handling Date: 

Returned volume to Gas Manufacturer 

Name of Company (Returner) 

Identification Number of container (Bottle) 

Quantity 

Remaining SF6 volume (kg) 

Date when SF6 was recovered 

Recovered at (e.g. name of SS) 

Confrom to Criteria / Non-coform to Criteria 

R/Humidity 
(%) 
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Estimation of SF6 Emission from 
Electric Power Industry 
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600m 

250m 

500kV/275kV Conventional Substation 

Less Impact by Gas insulated technology 
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