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Worksheet on ancillary emissions of CO2 from flaring: oil and gas operations

‘ Carbon Dioxide

Background calculations on ancillary emissions of methane and carbon dioxide ‘

IPCC Tier 1 methodology

IPCC Guidelines 2006: default values for CH4 and CO2 emissions from Flaring, Venting, and Fugitives from Natural Gas Production and Oil Production
Intergovernmental Panel on Climate Change (2006) 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Volume 2: Energy, Chapter 4: Fugitive Emissions, Geneva; www.ipcc-nggip.iges.or.jp/public/2006g!

30-Jul-13 Copyright Climate Mitigation Services

Natural Gas: fugitives, venting, & flaring

\ Table 1 Listing and averaging emisssion factors from IPCC Guidelines 2006, vol 2, chapter 4: fugitive emissions, table 4.2.4 and 4.2.5 |
Fugitives | Venting | Flaring

Low High \Aver:g:Le (or unitary) Low \ High \Aver:g:Le (or unitary) Low \ High \Aver:g:Le (or unitary)

‘ Natural Gas kg CO2/mA3 kg CO2/mA3 kg CO2/mA3 \ kg CO2/mA3 ‘ kg CO2/mA3 ‘ kg CO2/mA3 \ kg CO2/mA3 ‘ kg CO2/mA3 kg CO2/mA3
Gas factors are GgCO2/million mA3 of production, which equals kg CO2/mA3
Developed countries uncertainty estimates
Production 0.000014 0.000082 0.000048 71%\ na na na na na 0.001200
Processing (default) 0.000012 0.000320 0.000166 93%‘ na na 0.040000 na na 0.003000
Transmission & storage na na 0.000001 na na 0.000003 na na na
Condensate transport na na 0.000007 na na na na na na
Storage na na 0.000000 na na na na na na
Total developed countries 0.000026 0.000402 0.000222 0.040003 0.004200 kg CO2/mA3 ‘
Developing countries
Production 0.00001400 0.00018000 0.0012000 0.0016000
Processing (default) ‘ 0.00001200 0.00002800 0.000020 40%‘ 0.0400000 0.0950000 0.067500 4'\%‘ 0.0030000 0.0041000 0.003550 15%
Transmission & storage 0.00000088 0.00000200 ‘ 0.0000031 0.0000730 0.000038 92%‘ na na
Condensate transport na na 0.000007 na na na na 0.000007
Storage na na na na na na 0.0000001 0.0000003 0.000000
Total developing countries 0.000027 0.000210 0.000027 0.040003 0.095073 0.067538 0.004200 0.005700 0.003557 kg CO2/mA3 ‘
\Average of Developed and Developing 0.000093 kg CO2/mA3 0.053750 kg CO2/mA3 0.003275 kg CO2/mA3 |
‘ Table 2 \ Calculation of fugitive CO2 rates |
\ Natural Gas \ Fugitives \ Venting \ Flaring
Average Average Average
kg CO2/mA3 kg CO2/mA3 kg CO2/mA3

Average EF of Developed and Developing

Fugitive, venting, and flaring from natural gas production, per mA3

Emissions from combustion of 1 mA3 of natural gas

0.000093 kg CO2/mA3
0.000093 kg CO2/mA3
1.89 kg CO2/mA3

0.053750 kg CO2/mA3
0.053750 kg CO2/mA3
1.89 kg CO2/mA3

0.003275 kg CO2/mA3
0.003275 kg CO2/mA3
1.89 kg CO2/mA3

Emission rate

Table 3 Summary of CO2 rates for natural gas
Source \ kg CO2/t CO2 tCO2/Bcf
Fugitives 0.049 3
Venting 28.484 1,522
Flaring 1.736 93
Total 30.269 1,617
Fugitive + venting 28.53 1,525
Flaring 1.736 93
Total 30.27 1,617

0.1736% percent
0.0017 t CO2 flared/tCO2 gas combustion
1.74 kg CO2 flared/tCO2 gas combustion

0.0049% percent \ Emission rate 2.8484% percent \ Emission rate
0.00005 t CO2 fug/tCO2 gas combustion 0.0285 t CO2 vented/tCO2 gas combustion
0.05 kg CO2 fug/tCO2 gas i 28.48 kg CO2 vented/tCO2 gas combustion
Fugitive + vented 28.53 kg CO2/tC0O2 comb.
Table 4 Combustion factors for fuels
Combustion EF \ Units \ Combustion EF \ Converted to
Crude oil & NGLs 0.3714 MtCO2/million bbl  tCO2/bbl 2,336.21 kg CO2/mA3
Natural gas 0.0534 MtCO2/Bcf kgCO2/cf 1.89 kg CO2/mA3
Coal 2.1289 MtCO2/Mt thermal coal 2,128.93 kg CO2/tonne

Linked to oil, gas, and coal EF worksheets
53,434 tCO2/Bcf

Conversions Units

35.315 cf/mA3
158.99 L /bbl
1,000.00 L /mA3
6.290 bbl /mA3

AncillaryCH4&CO2.xls
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| Carbon Dioxide \ IPCC Tier 1 methodology \

IPCC Guidelines 2006: default values for CH4 and CO2 emissions from Flaring, Venting, and Fugitives from Natural Gas Production and Oil Production
Intergovernmental Panel on Climate Change (2006) 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Volume 2: Energy, Chapter 4: Fugitive Emissions, Geneva; www.ipcc-nggip.iges.or.jp/public/2006g!

\ Crude OQil: fugitives, venting, & flaring

\ Table 5 Listing and averaging emisssion factors from IPCC Guidelines 2006, vol 2, chapter 4: fugitive emissions, table 4.2.4 and 4.2.5
Fugitives Venting Flaring
Low \ High \ Average Low \ High \ Average Low \ High \ Average
tC02/mA3 | tCO2/mA3 | tCO2/mA3 tC02/mA3 | tC02/mA3 | tCO2/mA3 tC02/mA3 | tC02/mA3 | tCO2/mA3

Qil factors are GgCO2/10A3 mA3 of production, which equals t CO2/mA3
Developed countries ‘

Well drilling (flaring and venting) na na na na na 0.0001000 na na na

Well testing (flaring and venting) na na na na na 0.0090000 na na na

Well servicing (flaring and venting) na na na na na 0.0000019 na na na

Production na na 0.0002800 na na 0.0018000 na na 0.0340000

Refining na na 0.0002800 na na 0.0018000 ND ND ND

Transport (pipelines) na na 0.0000005 ND ND ND ND ND ND

Transport (rail and truck) na na 0.0000023 ND ND ND ND ND ND

Transport (offshore tanker loading) ND ND ND ND ND ND ND ND ND

Total developed countries 0.0005628 0.0127019 0.0340000 t CO2/mA3
Developing countries ‘

Well drilling (flaring and venting) na na na na na na na na na

Well testing (flaring and venting) na na na na na na na na na

Well servicing (flaring and venting) na na na Ancertainty estimate na na na na na na

Production 0.0002800 0.0047000 0.0024900 89% 0.0018000 0.0025000 0.0021500 16% 0.0340000 0.0470000 0.0405000 16%
Refining ND ND ND ND ND ND ND ND ND

Transport (pipelines) na na 0.0000005 ND ND ND ND ND ND

Transport (rail and truck) ND ND ND na na 0.0000023 ND ND ND

Transport (offshore tanker loading) ND ND ND ND ND ND ND ND ND

Total developing countries 0.0002800 0.0047000 0.0024905 0.0018000 0.0025000 0.0021523 0.0340000 0.0470000 0.0405000 t CO2/mA3
\Average of Developed and Developing 0.001527 0.007427 0.037250 t CO2/mA3

[ 1.53 kg CO2/mA3

7.43 kg CO2/mA3 37.25 kg CO2/mA3

| Table 6 | Calculation of fugitive CO2 rates
| Fugitives I Venting Flaring
Average Average Average
t CO02/mA3 t CO02/mA3 t CO02/mA3
Qil factors are GgCO2/10A3 mA3 of production, which equals t CO2/mA3
Average EF of Developed and Developing 0.001527 tC02/mA3 0.007427 tC02/mA3 0.037250 t C0O2/mA3
Fugitive, venting, and flaring from oil production, per mA3 1.53 kg CO2/mA3 7.43 kg CO2/mA3 37.25 kg CO2/mA3
Emissions from combustion of 1 mA3 of oil 2,336 kg CO2/mA3 2,336 kg CO2/mA3 2,336 kg CO2/mA3
Emission rate 0.065% percent \ Emission rate 0.318% percent \ Emission rate 1.594% percent
0.00065 t CO2 fug/tCO2 oil combustion 0.00318 t CO2 vented/tCO2 oil combustion 0.01594 t CO2 flared/tCO2 oil combustion
Emission rate 0.65 kg CO2 fug/tCO2 oil combustion Emission rate 3.18 kg CO2 vented/tCO2 oil combustion Emission rate 15.94 kg CO2 flared/tCO2 oil combustion
Fugitive + vented 3.83 kg C02/tCO2 comb.
Table 7 Summary of IPCC CO2 rates for crude oil Table 8 ‘ Final Oil & Natural Gas ﬂarlng and venting rates ‘
Source | kg CO2/tC02 | kg CO2/bbl
Fugitives 0.65 0.24 Table of factors calculated on this worksheet and linked to the entity summary worksheet (SumRanking.xls)
Venting 3.18 1.18
Flaring 15.94 5.92
Total 19.78 7.35 Summary of Oil & Natural Gas Flaring and Venting rates \
CO2: Flaring CO2: Venting CO2: Venting
Fugitive + venting 3.83 1.42 Flaring: Oil Flaring: Gas CO2 Venting: Oil | CO2 Venting: Gas
Flaring 15.94 5.92 flaring: Oil flaring: Gas (includes fugitives) | (includes fugitives)
Total 19.78 7.35 kg CO2/tC0O2 kg CO2/tC0O2 kg CO2/tC0O2 kg CO2/tC0O2
oil total [ gas total
15.94 | 1.74 | 3.833 | 28.53 | 19.78 30.27
Sum 50.05
linked to Table 7 linked to Table 3 linked to Table 7 linked to Table 3 .
oil total gas total
IPCC values: [ Pre-tPCC values: 32.61 | 3.26 | \ 0.429 | 23.34 \ 33.04 26.60
(28Dec12) (Dec12) fugitive + venting _ fugitive + venting ‘ Sum 59.64
linked to Table 18 | assumed 1/10th ‘ Linked to Table 21 ‘ linked to Table 20
(World Bank flaring) EPA: Qil vented CO2|EPA: Gas vented CO2

|
Average of IPCC and other data: 24.28 2.50 2.13 25.93 \

AncillaryCH4&CO2.xls
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T50
151
152 Background data on IPCC Tier 1 methane in natural gas and crude oil: methodology and values \
153
154 \ IPCC Tier 1 methodology
155 IPCC Guidelines 2006: values for methane emissions from Flaring, Venting, and Fugitives from Natural Gas Production and Oil Production
156 Intergovernmental Panel on Climate Change (2006) 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Volume 2: Energy, Chapter 4: Fugitive Emissions, Geneva; www.ipcc-nggip.iges.or.jp/public/2006g|
157
158 The images below show IPCC Tier 1 factors for natural gas and oil production, developing and developed countries;
159 Listed above in Tables 1 and 2 are several other methane emission sources for each natural gas and oil. See IPCC 2006, vol 2, chapter 4: Fugitives, for details.
160
161
162 . Chapter 4. Fusitive
53] Chapter 4: Fugitive pter 4: Fugitive
164 TABLE 4.2.4(CONTINUED) TABLE 4.2.4(CONTINUED)
165 TIER 1 EMISSION FA( FUGITIVE NS UDING VENTING AND FLARING) FROM OIL AND GAS OPERATIONS TIER 1 EMISSION FUGITIVE UDING VENTING AND FLARING) FROM OIL AND GAS OPERATIONS
166 INDEVELOPED COUNTRIES™ INDEVELOPED COUNTRIES™”
1—2; CH, co} NMVOC 0 CHy co NMVOC N0
169 Categury Sub- Emission | IPCC .2 s 3 232 | Unitsof Category Sub- | Emission | IPCC ) 22 23 23 | Unitsof
y < y £EZ £8 =2 Y ! . EZ E= £2 £3
—1 ;? category” | sowrce Code Value g 2 | vale % 2| vae g2 Value F2 | measwre category” | source Code Value 22 | vale 52 | Vale £2 Value F2 | memsure
z z = 3 s s
72 £3 £ ;“ £3 £3 £2 EN 2 R
s< RS S< 5% s< R =R s<
% Depar | Fugiives | 1B2bii3 LIEOS | =100% | 16E06 | =100% | 27E05 |  100% NA Na o | Cepelm Depat | Fugiivs | 1B2bii3 LIEOS | +100% | L6E06 | +100% | 27E05 |  +100% NA NA GEP;;‘};“; e
Extraction Extraction
—— Plants Gg per 10° ' raw Plants Gg per 10° @' raw
175 (5""")"‘ Flaring 1B2bi 72E08 5% 1IE04 =50% 59E-08 25% 12E08 ;1'0%:,‘1/ s feed (Smd;“e Flaring 1B2bii 72E08 5% 11E04 £50% S9E-08 25% 12E08 ;110%{:, gas feed
176 Plants) % Pl "
177 14E-04 14E04
=751 Fugiives | 1B2bii3 Ll | s | BEBR | somn | w4 | s00% NA NA Gg;‘;&,‘f:g“ Fugiives | 1B2bii3 RN | s00n | BB | a0 | o 47 | o A NA GE;}.Z‘;‘.’, s
| L/S] o4
Default Default
17 5 K E
1_8(9) gﬁ‘“’d Flaring 1B2bii 2.0E-06 5% 3.0E-03 +50% 1.6E-06 5% 33E-08 +1%‘3>8?4 C’g;" 10 ‘:’]5“ %ﬂﬁ'ﬂd Flaring 1B2bii 2.0E-06 5% 3.0E-03 +50% 1.6E-06 5% 33E-08 ﬂlo%:,’;,,_ ng ;E;:l g
181 Raw CO, \ 10t Gg per 10°m’ gas Raw CO, 10to g Ggper 10° 2 gas
A Venting 1B2bi NA NA 40E02 | oo NA NA NA NA Prodiction " 1B2bi NA NA 4B | o NA NA NA NA Prodiction
——==1 g
1 2131 . Fugitives® 1B2biii4 6 fx;%,“ £100% | 88E07 =100% 7.0E-06 £100% NA NA ?im;g;:‘;f Fugitives® 1B2biid 6 fg’ggf £100% | 88E-07 =100% 7.0E-06 £100% NA NA Gnifeé%l‘:fg.:f
— o2 oisicn 44E05t0 B 75 N Gg per 10°n’ of 44E05to B 5 o, 10°0° of
185 gm_& Veting® 1B2bi L 5% 31E06 £75% 46E-06 +75% NA NA eietable g2 Verting* 1B2bi pEarh £75% 3.1E06 £75% 46E-06 5% NA NA Geper ble g2
186 - 2010 20t B N Gg per 10°m of 2010 20t0 Gg per 10°0 of
o] Storage Al 1B2biid 25E05 s, | VIEO7 0w, | 36EOT | 20t0+500% | ND ND rketable g2 Storage Al 1B2biii4 25E05 oow, | MEO7 S0, | 36B0T | 20to+500% | ND ND bl gac
188 Default values, Natural Gas Production, Developed Countries Default values, Natural Gas Production, Developing Countries
189
190
191
192
193 Chapter 4: Fugitive Chapter 4: Fugitive Emissions
194
705 TABLE 4.2.4(CONTINUED) TABLE 4.2.4(CONTINUED) 5
— 221 TIER 1 EMISSION FACTORS FOR FUGITIVE EMISSIONS (INCLUDING VENTING AND FLARING) FROM OIL AND GAS OPERATIONS TIER 1 EMISSION FACTORS FOR FUGITIVE EMISSIONS (INCLUDING VENTING AND FLARING) FROM OIL AND GAS OPERATIONS
::—gs N DEVELOPED COUNTRIES™ INDEVELOPED COUNTRIES™”
198 CH, co; NMVOC N0 CHy co) NMVOC X0
199 =
Sub- Emission | IPCC L2 22 2% Units of . ) Sub- Emission | IPCC =2 22 & Units of
2001 | caegory | Gllone | sowrce | cod £3 54 £5 | mewure CHY | caegors® | sowee | Code . £5 . £2 |, i ! measure
201 : e Value 2z Value Value g2 Value g2 ’ Value 2 Value 2 Value g2 Value
202 B3 E g3 Es ES i3
=Ere -z =< =< - - =<
203
204 Deew:“ Fugitives 1B2bii3 LIE0S £100% | 16E06 27E05 £100% NA NA G”;;‘L“: b Dw?:n Fugitives 1B2bii3 LIE0S £100% | 16E-06 £100% 27E05 £100% NA NA Ce 1";‘};‘: rw
294 ] Extraction Extraction
205 Plants 106 Gg per 10° 0’ raw. Plants 10 Gg per 10° w’ raw
206 (Smd;lle Flaring 1B2bii 72E08 5% 1IE04 £50% 59E-08 5% 1E08 | s gas feed (Smd;ilz Flasing 1B2bii 72E.08 25% 11E04 0% SOE.08 25% 1E08 | ot gas feed
58273 i 15EM o LEO® LS Ggper 10°n’ gas 1SE-04to 12E050 L4E04 Ggper 10°m’
5001 Fugitives 1B2biii3 103E.04 £100% 3E04 £100% mfu 7E- £100% NA NA Hroduction Fugitives 1B2biii3 103E.04 £100% 3oE04 £100% to ‘&715- £100% NA NA g:‘ o
| 209 | Default Default
- N N 10 10°0? E
51(1) g’;‘vfﬂd Flaring 1B2bii 20E06 25% 3.0E03 £50% 1.6E-06 5% 33E08 +1oog'/. GSP“, o g;ﬂfﬂed Flaring 1B2bii 2.0E-06 5% 3.0E-03 £50% 16E-06 5% 33E-08 ﬂ‘o%s."/. Gggé"‘m‘:g“
5] Raw CO, ) ’ -10to Ggper 10°m’ gas Raw CO, , 10t Ggper 10w’
g}g Veating 1B2bi NA NA 40E02 | oo NA NA NA NA Frodetion T 1B2bi NA NA awE0 | ot NA NA NA NA s;« g
<12 66E05 N 1070 of
214 Fgife | 1B2biid4 asEoi | 00 | SSEOT | slop% | 70E05 | sl0o% NA NA mbﬂn Fugiive® | 1B2biiid OSEB | sjoo% | ssE07 | stoo% | 70E06 | <100 NA NA Ceper 107 of
Gas THE0S© Geper 10° of Tonarisim ; -
215 Transmission & Venting* 1B2bi p +75% 3.1E06 £75% 46E-06 +75% NA NA 44E-05t0 o £759 o Gg per 10° ' of
BE Storage 32E04 _ _ :;m::}. g).; Veting 1B2bi PErh +15% 3.1E06 £75% 46E-06 +15% NA NA e g
St Al 1B2biii4 25E-05 oo LIE07 jpndos 36E07 | -20t0+500% ND ND per o 5 20t 20t N Gg per 10° 0 of
g} 373 torage +500% +500% marketable gas Storage Al 1B2biiid 25E05 500% L1E07 S500% 36E07 | -20t0+500% ND ND ble gas
219 Default values, Oil Production, Developed Countries Default values, Oil Production, Developing Countries
220
221
222
223

AncillaryCH4&CO2.xls




Flaring & Venting

F I

! | J | K I L

N
N]
EN

N
N
w

N
Ny
o

N
]
I

N
Ny
co

N
Ny
o

N
o
=]

N
o

N
w
N

N
o
o

N
Y
IS

N
o
n

N
o
()

N
o
J

N
1
co

N
o
o

N
N
=]

N
KN

N
N
N

N
N
o

N
N
N

N
N
n

N
N
)

N
KN
3

Other sources of carbon dioxide emissions rates, oil and natural gas
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t CO2 emitted =

0.3173 _tonne oil

Natural gas, EPA AP42 (1985) |

1= 23.80 cf
1ton= 47,600 cf
1 tonne = 52,469 cf

——

World Bank GGFR (2011) 9th Steering Committee Meeting, Houston, May 30th 2008, page 2.

‘ Table 9 World Bank Flaring estimates Table 10 Flaring CO2: CDIAC data 1950-2010
Billion cubic m/yr Bef /yr MtCO2/yr Flaring emissions, 1950-2010 - MtC
Global Flaring, 2004, “low” 117 4,132 Qil emissions, 1950-2010 - MtC
Natural Gas prod’n 2004 50 Gas emissions, 1950-2010 1 MtC
Ratio of flared to produced gas 8262.88% 8262.88% Oil + Gas emissions 1 MtC
Global Flaring, circa 1998, “high” 135 4,768 Flaring, percent of Oil 2.76%
Natural Gas prod’n 1998 - Flaring, percent of Gas 7.63%
Ratio of flared to produced gas #DIV/0! #DIV/0! Flaring, percent of Oil + Gas 2.03%
Conversion tables
\Natural Gas & Oil / Production Emissions Methane EPA Methane Converter
1 million tonnes of natural gas = 52.47  Bcf 23.552 cfCH4=11Ib 1 cf CH4 = 0.04246
1 Bcf = 0.01906 Mt of production 19,260 tonnes 1lb= 23.552
1 Bef = 0.0534 MtCO2 (Step 8) 51.921 Bcf CH4 1 ton = 47,103
1 Mt of gas production = 2.8036 MtCO2 emitted 1 tonne = 51,922
1 MtCO2 = 0.3567 Mt gas prod 1 Mt Oil equiv = 39.2 Bcf of natural gas 1 tonne = 1,470
1 tonne oil = 3.1514 t CO2 emitted 1 Bcf CH4 = 19,260

35.315 cubic feet ‘

673 kg per mA3

0.0624 Ib/cf

World Bank GGFR (2011) Russia, Kazakhstan Lead Way to Reduce Gas Flaring and Lower Emissions, 27June2011;
Woman passing by a flare in Nigeria (Ed Kashi)
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280]
| 281 \ Table 12 Ancillary emissions of Carbon Dioxide from Flaring (oil & gas operations)
| 282 | Carbon Dioxide
| 283 | Flaring Qil Gas Qil + Gas Total flaring Total flaring Total flaring
| 284 emissions emissions emissions emissions percent of oil percent of gas % of oil + gas Table 12b ‘
| 285 | MtC MtC MtC MtC percent percent percent Using CDIAC average 1950-2010
| 286 0.3714 tCO2/bbl combusted (linked)
| 287 CMS, ExxonMobil 1882-2002 1.70% 1.70% 9.92 kgCO2/bbl
| 288] |uscao World 3.00%
| 289 World Bank flaring: low 8262.88%
| 290 World Bank flaring: high #DIV/0! 0il 0.7 Gas 0.3
| 291 | CDIAC flaring World, 1950 23.0 423 97 520 5.44% 23.71% 4.42% 3.81% 701% 2.21%
| 292 CDIAC flaring World, 1960 39.0 849 227 1,076 4.59% 17.18% 3.62% 3.22% 5.15% 1.81%
| 293 | CDIAC flaring World, 1970 87.0 1,839 493 2,332 4.73% 17.65% 3.73% 3.31% 5.29% 1.87%
| 294 CDIAC flaring World, 1980 86.0 2,422 740 3,162 3.55% 11.62% 2.72% 2.49% 3.49% 1.36%
| 295 CDIAC flaring World, 1990 40.0 2,515 1,020 3,535 1.59% 3.92% 1.13% 1.11% 1.18% 0.57%
| 296 CDIAC flaring World, 2000 48.0 2,818 1,288 4,106 1.70% 3.73% 1.17% 1.19% 1.12% 0.58%
| 297 CDIAC flaring World, 2004 55.0 3,027 1,431 4,458 1.82% 3.84% 1.23% 1.27% 1.15% 0.62%
| 298| CDIAC flaring World 2007 68.0 3,074 1,551 4,625 2.21% 4.38% 1.47%
| 299 CDIAC flaring World 2010 73.0 3,119 1,692 4,812 2.34% 4.31% 1.52%
| 300|  |CDIAC flaring simple decadal average [ 3.35% 11.66% 2.58% 2.34% 3.50% 1.29%)
| 301 | CDIAC flaring overall average, 1950-2004 ‘ 2.76%‘ 7.63% 2.03%

302
| 303 | ‘ CDIAC Flaring 1950-2010 3,439 128,817 48,047 176,865 2.670% 7.16% 1 .94%‘
| 304 [ Table 12¢ [ CDIAC average flaring rate 1950-2010 26.70 kgC02/tC02 ]
| 305 Of the natural gas production quantified by CMS, 50 percent has been produced from 1990-2004.

306

307 ‘% World Bank flaring estimates if attributed to both Oil & Gas operations ‘% ‘Venting note from XOM study
[ 308] Al If 70 % to Oil If 30 % to Gas | AlltoGasOps |
| 309 MtCO2/yr MtCO2/yr MtCO2/yr ‘ Direct venting of CO2 1.760%
| 310] Global Flaring, “low” (2004) 220.78 154.55 66.23
| 311] Oil emissions, 2004 Annual and cumulative Carbon Majors (MtC)
| 312] Gas emissions, 2004 -
| 313 Percent attributed to oil ‘ 70.000% |
| 314] Percent attributed to gas ‘ 30.000%
| 315] 1 Bcf= 0.0534 MtCO2 ‘ (CMS worksheet on natural gas)
316 Global Flaring, “high” (2004) 255 | 178.32 | 76.42 |
| 317] Oil emissions, 2004 Annual and cumulative Carbon Majors (MtC)
| 318] Gas emissions, 2004 -
| 319] Percent attributed to oil ‘ 70.000% |
| 320 Percent attributed to gas ‘ 30.000% ‘ Table 15 EIA (2011) US Inventory 2009, Table 16
321 1990 2000 2009
| 322] MtCO2 MtCO2 MtCO2
| 323 CO2 in natural gas 14.00 18.30 21.22
| 324] \ Table 16 World Bank Flaring estimates Natural gas flaring 9.10 5.50 10.10
| 325 Billion cubic m/yr Bef /yr MtCO2 Dry gas production (Bcf), AER Table 6.1 17,810 19,182 20,580
| 326 Global Flaring 2004 135.0 4,767 255 | CMS carbon factor for produced gas
| 327 Natural Gas prod’n 2004 - - Note: flared gas typically has lower heating value CO2 vented (tCO2/Bcf) 786 954 1,031
| 328 Ratio of flared to produced gas and 60-80% methane CO2 flared (tCO2/Bcf) 511 287 491
| 329
| 330 CO2 from gas consumption (MtCO2) 1,025 1,241 1,218
| 331] CO2 vented (% of consumption) 1.37% 1.47% 1.74%

332 CO2 flared (% of consumption) 0.89% 0.44% 0.83%

Gervet, Bruno (2007) Gas Flaring Emission Contributes to Global Warming,
Lulea University of Technology, Sweden, 14 pp.
“Gas flare in the Niger Delta,” page 4.
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Volumes In bcm

Estimated flared volume from satellite data
2006 2007 2008 2009

Russia
Nigeria

Iran

Iraq

Algeria
Angola
Kazakhstan
Libya

Saudi Arabia
Venezuela
Mexico
Indonesia
China
Canada
USA*
Uzbekistan
Qatar

Oman
Malaysia
Egypt

Total top 20
Rest of the world
Global flaring level

Source: NOAA Satellite data

50.0 52.3 42.0 46.6 352 (11.4)
18.6 16.3 155 14.9 152 03
122 10.7 10.8 10.9 113 04
7.2 6.7 74 8.1 9.1 14
6.4 56 6.2 49 5.4 05
4.0 35 35 34 4.4 07
6.2 55 5.4 5.0 38 (12)
44 38 40 35 38 0.3
42 42 43 39 37 (02)
241 22 27 28 28 0.0
2.1 27 36 3.0 25 (0.5
32 26 25 2.9 23 (0.6)
29 26 25 24 24 (0.3)
1.7 2.0 1.9 1.8 2.4 03
2.0 2.1 23 2.0 2.1 0.1
29 24 27 1.7 19 02
23 24 23 22 19 (03)
23 2.0 2.0 19 18 (0.1)
1.9 1.8 1.9 1.9 15 (0.4)
1.7 1.5 1.6 1.8 15 (0.3)
138 133 125 126 14 (11.8)
23 21 22 21 20 (1.1)
162 154 146 147 134 (12.9)

*Coverage limited to Gulf of Mexico, Alaska, and partial continental USA

Global gas flaring from satellite data

200 90,000

190 85,000
e ———t

80,000

S e a 75,000
5 160 A TN 70,000
~ N\

~ 65,000

Ollproduction, ‘ooo Vd

150 <

140 N 60,000

130 55,000

120 50,000

110 45,000

100 + 40,000
\qq“’ \@‘ R q?é’ '@e" '19& '9& (&u‘“ '\95" 'L@h (&@ '»@% (9& ,9\“

—4—Gasflaing =*—Oilproduction

0.05343 MtCO2

B | D | E | F | H [ | J N [

351

352 U.S. Environmental Protection Agency (2012) Draft Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 - 2010, 27Feb12, 471 pp.

353

354 [ Table17 | Carbon dioxide from venting at Natural Gas Systems & calculation of CO2 venting rates (USA)

355 US gas p i NatGas CO2 NatGas CO2 NatGas CH4 CO2 rate

356 Bef MtCO2 MtCO2e MtCH4 tCO2/Bcf percent

357 Table 2-4 and 2-5 cMS EPA 2012 Table 3-4( _ SAR 21xC02

358 1980 19,403 1,037

359 1990 17,810 952 37.574 2,110 3.95%

360 1995 18,599 994 33.725 interpolated 1,813 3.39%

361 2000 19,182 1,025 29.876 1,558 2.91%

362 2005 18,051 965 30.316 interpolated 1,679 3.14%

363 2006 18,504 989 30.755 1,662 3.11%

364 2007 19,266 1,029 31.050 1,612 3.02%

365 2008 20,286 1,084 32.828 1,618 3.03%

366 2009 20,580 1,100 32171 1,563 2.93%

367 2010 21,577 1,153 32.171 1,491 2.79%

368 World gas consumption| Based on CMS EF

369 Table 2-5 MtCO2/Bcf [Average

370 ~5 percent higher 0.0534

371

372 1990-2020 totals 193,258 10,326 290.47 2.81%

373 alternative source for Table 8, not applied

374 |Weighted average of 1990 to 2010 1,678 See Table 20.

375

376

377

378 d Flared Vol from Satellite Data, 2006-2010 1 cubic meter = 35.314667 cubic feet |

[(CMS worksheet on natural gas)

(CMS uses the natural gas emission factor, not a specifc factor for flared gas)

World Bank Global Gas Flaring Reduction: Gas flaring from gas associated with oil production

[ Table18

Estimated Flared Volumes from Satellite Data, 2006-2010
World Bank Global Gas Flaring Reduction
http://go.worldbank.org/DO3ET1BVDO

CDIAC global oil emissions, 2010:

8,550 MtC02

linked to SumOil.xls

World Bank GGFR (2011) “Gas Flaring Down for Fifth Consecutive Year,” The News Flare, issue 12, Mar-Oct11.

2006 2007 ‘ 2008 2010 2010
becm bcm ‘ becm ~MtCO2 % of oil emissions Percent of 2010
Russia 50.0 52.3 42.0 1,243 66 0.8%
Nigeria 18.6 16.3 15.5 537 29 0.3%
Iran 12.2 10.7 10.8 399 21 0.2%
Iraq 7.2 6.7 7.1 321 17 0.2%
Algeria 5.6 4.9 191 10 0.1%
Angola 3.5 3.5 145 8 0.1%
Kazakhstan 5.5 5.4 134 7 0.1%
Libya 3.8 4.0 134 7 0.1%
Saudi Arabia 3.9 3.9 131 7 0.1%
Venezuela 2.2 2.7 99 5 0.1%
Mexico 2.7 3.6 88 5 0.1%
Indonesia 2.6 2.5 81 4 0.1%
China 2.6 2.5 74 4 0.0%
Canada 2.0 1.9 74 4 0.0%
USA 2.2 2.4 74 4 0.0%
Uzbekistan 2.1 2.7 67 4 0.0%
Qatar 2.4 2.3 67 4 0.0%
Oman 2.0 2.0 64 3 0.0%
Malaysia 1.8 1.9 53 3 0.0%
Egypt 1.5 1.6 53 3 0.0%
Total Top 20 138.0 133.0 125.0 4,026 215 2.5%
Rest of World 22.0 22.0 706 38 0.4%
Global Flaring 162.0 154.0 146.0 4,732 2.96%
(revised to 138 Bcm in 2012)
|Global fiaring, MtcO! 305.7 290.6 275.5
[Global fiaring, MtC 834 79.3 75.2
CMS note: compares well with CDIAC data (Table 30) 5,247.8
\Flared gas, Bcm 2006-2010 total 743.0 148.6
Global Oil emissions 8,606 8,631 8,726 2006-2010 total 42,992
Flared gas, Bcf 5,721 5,438 5,156 2006-2010 total 26,239
Flared emissions 305.7 290.6 275.5 2006-2010 total 1,402
Flaring rate 3.55% 3.37% 3.16% 2.96% kg CO2/tCO2
Weighted average flaring rate 3.26% | percent
Using World Bank weighted average 2006-2010 Weighted average flaring rate 32.61 |kg C02/tCO2
0.3714 tCO2/bbl combusted (linked) \ linked to Table 8

12.11

kgCO2/bbl (from flaring)

AncillaryCH4&CO2.xls
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( 428)

s29| | Table19 EIA data on vented CO2 from natural gas systems

430 U.S. Energy Information Administration (2011) Emissions of Greenhouse Gases in the United States 2009, U.S. DOE. www.eia.doe.gov

431

432 EIA Table 16: U.S. Carbon Dioxide Emissions from Other Sources, 1990-2009

433 I 1990 I 1991 I 1992 I 1993 I 1994 I 1995 I 1996 I 1997 I 1998 I 1999

434 (Million Metric Tons Carbon Dioxide )

| 435 CO2 from Natural Gas Production 23.1 24.8 25.5 30.0 30.8 33.9 34.2 33.5 24.3 24.5

436 Carbon Dioxide in Nat. Gas 14.0 14.5 15.4 16.3 17.0 16.7 17.8 18.0 18.0 17.9 Sum 2000-2009 166
437 Gas Flaring 9.1 10.3 10.2 13.7 13.8 17.2 16.5 15.5 6.2 6.7

438

439 Emissions from Natural gas consumption 1,024.6 1,046.9 1,082.2 1,109.5 1,134.3 1,183.7 1,205.5 1,211.3 1,188.8 1,192.0

440 (from EIA CO2 data Table 6)

441 Percent vented CO2 of consumption 1.37% 1.39% 1.42% 1.47% 1.50% 1.41% 1.47% 1.49% 1.52% 1.50%

442

443 U.S. natural gas production (dry), Bcf 17,810 17,698 17,840 18,095 18,821 18,599 18,854 18,902 19,024 18,832 ‘ average: 18,448 \
444 Implied emissions (CMS emission factor) 951.7 945.7 953.3 966.9 1,005.7 993.8 1,007.4 1,010.0 1,016.5 1,006.3 ‘ Sum 2000-2009 9,857 ‘
EZS

446|  |Percent vented CO2 of production 1.47% 1.54% 1.61% 1.68% 1.69% 1.68% 1.76% 1.79% 1.77% 1.78% Average 1990-1999 1.68%]
447

448

449 I 2000 [ 2001 [ 2002 [ 2003 [ 2004 [ 2005 [ 2006 [ 2007 [ 2008 [ 2009 2010 J

450 Million Metric Tons Carbon Dioxide )

451 CO2 from Natural Gas Production 23.8 24.7 24.4 24.5 24.3 25.3 26.6 28.2 30.6 31.3 na

452 Carbon Dioxide in Nat. Gas 18.3 18.9 18.4 18.6 18.4 18.1 18.7 19.5 20.5 21.2 na | sum 2000-2009 191 |
453 Gas Flaring 5.5 5.9 6.0 5.9 5.8 7.2 7.8 8.7 10.1 10.1 na

454

455 Emissions from Natural gas consumption 1,240.6 1,186.9 1,229.5 1,191.1 1,194.4 1,175.2 1,157.0 1,234.7 1,243.0 1,218.0 | Table 6: U.S. CO2 Emissions from Energy and Industry, 1990-2009
456 (from EIA CO2 data Table 6) MtCO2

457 Percent vented CO2 of consumption 1.48% 1.59% 1.50% 1.56% 1.54% 1.54% 1.62% 1.58% 1.65% 1.74%

458

459 U.S. natural gas production (dry), Bcf 19,182 19,616 18,928 19,099 18,591 18,051 18,504 19,266 20,286 20,580 21,577 ‘ average: 19,210 \
460 Implied emissions (CMS emission factor) 1,025.0 1,048.2 1,011.4 1,020.5 993.4 964.5 988.7 1,029.5 1,084.0 1,099.7 1,152.9 ‘ Sum 2000-2009 10,265 ‘
462 Percent vented CO2 of production 1.79% 1.80% 1.82% 1.82% 1.86% 1.88% 1.90% 1.90% 1.90% 1.93% Average 2000-2009 1.86%‘
463

464 Average 1990-2009 1.77%|
465
| 466)

467 \ Table 20 EPA data on vented CO2 from natural gas systems |

468 Table A-135: CO2 Emission Estimates from the Natural Gas Processing Plants (Gg)

469 TgCO2 = MtCO2 I 1990 [ 1992 1995 [ 2000 [ 2004 [ 2005 [ 2006 [ 2007 [ 2008 [ 2009 [ 2010

470 EPA 2010 Inventory Table A-135 | MtCO2 | MtCO2 | MtCO2 | MtCO2 | MtCO2 | MtCO2 | MtCO2 | MtCO2 | MtCO2 | MtCO2 | MtCO2

471

472 CO2 from gas processing (AGR vents) 28.2 27.2 25.3 24.1 23.4 22.8 22.1 22.2 22.4 22.2 22.4 Sum 1990-2010 262 \
473 (excludes NatGas transmission and distribution) linked to Table 15 for source details interpolated interpolated linked to Table 15 for source details average 23.837 |
374

475 Implied emissions (U.S gas production) 951.7 953.3 993.8 1,025.0 993.4 964.5 988.7 1,029.5 1,084.0 1,099.7 1,152.9 Sum 1990-2010 11,236 ‘
476 average ,021 |
477 Percent vented CO2 of pi 2.96% 2.85% 2.54% 2.35% 2.36% 2.36% 2.24% 2.15% 2.07% 2.02% 1.94%

478

479 GRI/EPA default CO2 composition in natural gas production is 3.78 percent, vs average pipeline composition is 2 percent (but typically lower?). ‘ Average 1990-2010 2.33%‘
480 See APl Compendium 2009, Table E-4 at right.

481 See also API, page 5-29: average pipeline non-hydrocarbons at 2.81 percent, of which CO2 is 0.565 volume percent, or 1.59 percent CO2. ‘ Weighted average 1990-2010 (kg CO2/tC02) 23.34 ‘
482 [_source for Table 8
483

484 ‘ 1 million bbl = 0.3714 MtCO2 [ (linked to SumOil.xIs emission factor) |
485 |__used in Table 14

486 \ Table 21 \ EPA data on vented CO2 from petroleum systems

487

488 TgCO2 = MtCO2 I 1990 [ 1992 [ 1995 [ 2000 [ 2004 [ 2005 [ 2006 [ 2007 [ 2008 [ 2009 [ 2010

489 EPA (2012) U.S. Inventory for 2010, Table A-144 EPA (2012) U.S. Inventory, Annex 3, Table A-144: Summary of CO2 Emissions from Petroleum Systems (Gg CO2) - converted to MtCO2.

490

491 Vented CO2 from petroleum systems 0.394 0.377 0.360 0.344 0.331 0.319 0.306 0.310 0.297 0.325 0.327 Sum 1990-2010 3.7 ‘
492 interpolated interpolated average 0.335 |
493

494 U.S crude oil & lease condensate product 2,685 2,617 2,394 2,125 1,978 1,890 1,862 1,848 1,807 1,957 2,012

495 million bbl / yr, EIA data

496

497 Implied emissions (U.S oil production) 997.2 972.2 889.3 789.2 734.6 702.0 691.7 686.6 671.1 726.7 747.3 Sum 1990-2010 8,608 ‘
498 average 783 |
499 Percent vented CO2 of production 0.040% 0.039% 0.040% 0.044% 0.045% 0.045% 0.044% 0.045% 0.044% 0.045% 0.044%

S00

501 \ Average 1990-2010 0.043%)|
502

503 Weighted average 1990-2010 (kg C02/tC02) 0.429 |
504 ‘ source for Table 8
505

AncillaryCH4&CO2.xls
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\ additional data on venting and flaring |

EPA (2012) Draft Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2010

INGAA assumes 2 percent CO2 in natural gas
Interstate Natural Association of America (2005) Greenhouse Gas Emission Estimation Guidelines for Natural Gas Transmission and Storage, page 59.

EPA (2012) Draft U.S. Inventory 2010, chiefly tables A-134, A-135, and A-136.

Table 22 EPA data on vented and fugitive CO2 from natural gas & petroleum systems, U.S. 1990-2010
Gg CO2 = thousand tCO2 Natural gas Petroleum Total Percent NatGas | Percent Petroleum
Natural gas Flaring included in Net non-flaring Natural gas Natural gas Natural gas Total natural gas Summary of CO2 | Sum of vented and
production Field Production Field Production | processing plants | transmission and distribution (Production, emissions from fugitive CO2 from If EPA data on s onskiom Percent flaring
(on-shore + off- storage processing plants, | Petroleum Systems| natural gas and flaring (Table A- combustion of US from petroleum
shore) transmission & petroleum systems 135) is allocated to oil production systems,
storage, excluding petroleum (the (linked to Table calculated
flaring & distrib.) primary source) 25)
EPA MtCO2 MtCO2 MtCO2 MtCO2 MtCO2 MtCO2 MtCO2 MtCO2 MtCO2 percent percent MtCO2 MtCO2 percent
1990 9.703 9.324 0.379 27.763 0.0618 0.046 28.204 0.394 28.598 98.62% 1.40% 9.324 997 0.94%
1992 10.719 10.336 0.383 26.706 0.0624 0.045 27.152 0.377 27.529 98.63% 1.39%
1995 17.941 17.365 0.576 24.632 0.0637 0.045 25.272 0.360 25.632 98.60% 1.42% 17.365 889 1.95%
2000 6.424 5.729 0.695 23.343 0.0644 0.044 24.103 0.344 24.447 98.59% 1.43% 5.729 789 0.73%
2006 8.801 7.959 0.842 21.214 0.0633 0.040 22.119 0.306 22.425 98.64% 1.38% 7.959 692 1.15%
2007 9.743 8.824 0.918 21.199 0.0642 0.041 22.181 0.310 22.491 98.62% 1.40% 8.824 687 1.29%
2008 11.319 10.385 0.934 21.385 0.0651 0.042 22.384 0.297 22.681 98.69% 1.33% 10.385 671 1.55%
2009 10.871 9.905 0.966 21.188 0.0650 0.041 22.219 0.325 22.544 98.56% 1.46% 9.905 727 1.36%
2010 10.844 9.905 0.939 21.346 0.0654 0.041 22.351 0.327 22.678 98.56% 1.46% 9.905 747 1.33%
Total 1990-2010 96.366 89.733 6.633 208.776 0.575 0.385 215.985 3.040 219.025 98.61% 1.39% 79.397 6,199 1.28%
average 10.707 9.970 0.737 23.197 0.064 0.043 23.998 0.34 24.34 9.925 775 1.28%
percent of total 44.6% 41.5% 3.1% 96.7% 0.3% 0.2% 100.0%\ kg CO2/tCO2
|Converted to rate 12.81
not linked to Table 8
Table 23 Venting rates from Natural Gas Systems, US 1990-2010 \ Table 24 Venting rates from Petroleum Systems, US 1990-2010
Vented CO2: Estimated CO2 Vented CO2 rate, Vented CO2: Est. CO2 from US Oil Vented CO2 rate,
NatGas emissions from US natural gas Petroleum & NGL production petroleum
Gas Production
EPA MtCO2 MtCO2 ka CO2/tC0O2 EPA MtCO2 MtCO2 ka CO2/tC0O2
1990 28.204 952 29.637 1990 0.394 997 0.395
1992 27.152 953 28.483 1992 0.377 972 0.388
1995 25.272 994 25.429 1995 0.360 889 0.405
2000 24.103 1,025 23.516 2000 0.344 789 0.436
2004 23.441 993 23.598 2004 0.331 735 0.451
2005 22.780 965 23.618 2005 0.319 702 0.454
2006 22.119 989 22.371 2006 0.306 692 0.442
2007 22.181 1,029 21.547 2007 0.310 687 0.452
2008 22.384 1,084 20.650 2008 0.297 671 0.443
2009 22.219 1,100 20.205 2009 0.325 727 0.447
2010 22.351 1,153 19.386 2010 0.327 747 0.438
Total 262.206 11,236 23.336 Total 3.690 8,608 0.429
Vented CO2: kg CO2/tCO2 from natural gas production Vented CO2: kg CO2/tCO2 from liquids production
| CMS factor for oil & NGL emissions: 0.3714 tCO2 per bbl Table 25b |
[linked to SumOil.xls Using CDIAC average 1950-2010
0.3714 tCO2/bbl combusted (linked) Table 26 was added 18 July 2012
0.16  kgCO2/bbl (Vented from petroleum Source data in table A-134 appear to be gas flaring at (chiefly) oil production, onshore and offshore.
EPA (2012) Draft U.S. Inventory 2010, Tables A-134: CO2 Emission Estimates from the Natural Gas Production Stage (Gg), converted to MtCO2.
[ Table2s Venting rates from Petroleum Systems, US 1990-2010 [ Table 26 Flaring rates from Natural Gas Systems, US 1990-2010
‘ Gg = million kg CO2 Qil production Vented CO2 Vented CO2 rate | Emissions US prod | Vented CO2 rate Flaring CO2 US Gas Prodn NatGas flaring rate
million bbl million kg CO2 kg CO2/bbl MtCO2 kg CO2/tCO2 EPA MtCO2 MtCO2 ka CO2/tC0O2
Crude & NGPLs EPA Table A-144 calculated calculated calculated 1990 9.324 952 9.80
1990 2,685 394 0.15 997 0.395 1992 10.336 953 10.84
1995 2,394 360 0.15 889 0.405 1995 17.365 994 17.47
2000 2,125 344 0.16 789 0.436 2000 5.729 1,025 5.59
2006 1,862 306 0.16 692 0.442 2006 7.959 989 8.05
2007 1,848 310 0.17 687 0.452 2007 8.824 1,029 8.57
2008 1,807 297 0.16 671 0.443 2008 10.385 1,084 9.58
2009 1,957 325 0.17 727 0.447 2009 9.905 1,100 9.01
2010 2,012 337 0.17 747 0.451 2010 9.905 1,153 8.59
Average 2,086 334 0.16 775 0.434 Total 89.733 9,278 87.504
EIA data EPA data average (9 yrs) 9.970 1,031 9.72 kgC0O2/tCO2
‘Totals 16,690 2,673 6,199 ‘ Flared CO2: kg CO2/tCO2 from natural gas production
|Weighted average 0.160 775 0.431 kg C02/tC02 |

AncillaryCH4&CO2.xls
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EPA (2012) Draft Inventory of U.S. Emissions and Sinks 2010, Annex 3: Methodological Descriptions for Additional Source or Sink Categories,

Table A-144: Summary of CO2 Emissions from Petroleum Systems (Gg)

* Emissions are not actually 0, but too small to show at this level of precision
Note: Totals may not sum due to independent rounding.

EPA (2012) Draft Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2010
Annex 3, section 3.4, Table A-134: CO2 Emission Estimates from the Natural Gas Production Stage (Gg)

Al B C | D | E | F G H | | J | K | L | M | N | Q
573
574 ‘ CMS factor for oil & NGL emissions: 0.3714 tCO2 per bbl |
575 Source for Table 13, and linked to Table 15. \ linked to SumOil.xls
| 576/ 6 Tahle A-135: GO: Emission Estimates from the Natural Gas Processing Plants [Gg) - ) ) )
g;g Activity 1990 1092 1995 2000] 3006, 3007, 2008 2000 2010 CO2 emissions from production stage are NOT included in Tables 13 and 15.
579]  Normal Fugitives Table A-134: GO: Emission Estimates from the Natural Gas Production Stage [Gg)
550] Plants — Before COz removal 2.56 246 2217 1.97 1.92 1.93 194 195 197 Activity 1990 1992 1995 2000 2006 2007 2008 2009 2010
581 | Plants — After CO, removal 0.57 0.55 0.50 044 043 043 043 043 044 Normal Fugitives
A Reciprocating Compressors — Gas Wells
oa3 . Before Sozéemoval 19.67 19.66 20.49 21.16 2041 2128 233 2281 23.06 on-Associated Gas 2% 3.00 361 57 524 48 62 68 610
=== eciprocating Compressors — X
B After CO; removal 437 436 455 470 453 am 496 506 532 e o g 000 0.00 000 003 013 015 015 04 014
<56 Centrifugal Compressors (wet Field Separation
5571 seals) — Before CO, removal 14.55 14.54 15.05 1521 13.92 13.98 14.06 14.09 1418 Equipment
<355] Centrifugal Compressors (wet Heaters 1.86 191 232 3.95 4.61 448 5.53 5.93 543
2551 seals) — After CO, removal 323 323 334 338 3.00 3.10 312 3.13 3.15 ]S):l;afg:olﬁ f% iz Zg ggg 1;32 1; ;g 1; ;g lg—gg l;g
[ 289 ydrators !
590 Ceatrifugal Compressors (dry Meter/ Piping 585 585 695 10.90 1260 1257 1512 1612 1496
591 seals) — Before CO, removal 0 0 0.05 021 0.58 0.86 120 136 173 Gathesing Compressors
597 | Centrifugal Compressors (dry Small Reciprocating .
=53] seals) — After CO; removal 0 0 0.01 0.05 013 0.19 0.27 030 038 Comp. 295 298 337 546 641 638 763 &M 757
594 Vented and Combusted Large Reciprocating 069 091 102 133 140 140 162 162 168
595 Normal Operations Cfmp. N o o X
596 Compressor Exhaust Stations Cprocating 005 0.06 007 0.09 0.09 0.09 011 011 011
597 Gas Engines' NE NE NE NE NE NE NE NE NE Pipeline Leaks 1075 10.85 1199 16.04 1821 1825 2078 2192 2086
598 Gas Turbines' NE NE NE NE NE NE NE NE NE Vented and Combusted
2 ) A u
e AGR Vents 2770820 2665230 2457792 2328824 2116097 2114438 2132816 2113048 2128671 s e well
2o 1 Kimray Pumps 039 039 041 0.42 0.41 043 045 046 048 Gas Well Completions
5071 Dehydrator Vents 242 242 252 2.61 251 2.62 275 281 2095 without Hydraulic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
503 Pneumatic Devices 0.29 027 0.25 022 021 022 022 022 022 G F‘a?“]‘j"g! et
604 | Routine Maintenance as e Competions
2oz Blowdowns/Venting 636 6.12 5.64 489 478 4.80 483 484 4380 ;::‘C‘m‘“‘“ 218 19 326 .13 1195 16418 9334 8271 8271
7606 | Total 27,762.60 26,706.31 24,632.01 23,343.49 21,213.87 21,198.94 21,384.71 21,187.94 21,346.38 Well Drilling 0.07 0.05 0.05 0.12 021 0.20 021 0.12 0.12
7607 | 7 TEnergy use CO, emissions not estimated to avoid double counting. NE = not estimated. Produced Water from
| 608 EPA (2012) Draft Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2010 C“;L:;‘Qg?;‘,“ Wells NE NE NE NE NE NE NE NE NE
K (1)% Annex 3, section 3.4, Table A-135: CO2 Emission Estimates from the Natural Gas Processing Plants (Gg) Black Warrior! NE NE NE NE NE NE NE NE :\IE
ReRTa Normal Operations
K % Pneumatic Device Vents ~ 58.49 60.24 6938 101.86 11929 11875  139.61 14896  139.96
2751 P‘CI’;)"S‘“” Injection 205 311 375 633 745 720 891 058 875
614 Kimray Pumps 1341 13.71 1543 2201 2612 2605 3000 3195 3040
15 Dehydrator Veats 418 428 481 7.14 8.15 8.12 035 0.96 048
5761 i o Condensate Tank Vents
5771 Table 3-40: Non-combustion CO, Emissions from Natural Gas Systems (Gg) Condensate Tanks
2151 without Control 1025 043 879 034 1126 1117 1190 1162 1162
= Device
— % Stage 1990 2000 2006 2007 2008 2009 2010 Condensate Tanks with 205 180 176 187 225 223 238 -~ I~
<511 Field Production 9,703 6.424 8,801 9743 11319 10871 10844 Compenses B
622 Processing 27.763 23,343 21214 21,199 21,385 21,188 21.346 Vented
5231 o ’ ’ Gas Engines' NE NE NE NE NE NE NE NE NE
6541 Transmission and Storage 62 64 63 64 65 65 65 Well Workovers
625] Distribution 46 44 40 41 42 41 41 G“I?’;"‘S ‘i‘.’"';"“'m 0.06 0.06 0.06 0.08 010 010 011 01 011
626] 5 20,87 755 31050 32828 32171 32,171 Gas Wells with
5571 Total 37.574 29.876 30,755 209 el 2 2  Hydmaotic 047 085 236 2292 11063 13605 14538 14397 14307
=< . - [ydraulic Fracturing
628 Note: Totals may not sum due to independent rounding. Well Clean Ups (LP Gas 554 47 25288 273.66 33055 36746 37697 41368 44006 43062
| 629 ] EPA (2012) Draft U.S. Inventory, Table 3-40, page 3-48. Wells) . ) ) ) ) ) ) . .
| 630 EPA Methodology note Blowdowns
37 See Amnex 3.4. Vessel BD 0.04 0.04 004 0.06 007 007 0.08 0.08 0.08
371 Pipeline BD 017 017 019 0.26 029 029 033 033 033
5351 Compressor BD 011 012 0.14 0.21 025 025 029 031 029
= Compressor Starts 025 0.26 031 047 055 055 0.66 0.70 0.65
| 634 Upsets
| 635 | — Pressure Relief Valves 003 0.03 004 0.05 0.06 0.06 007 0.07 0.07
K 2—? Table A-144: Summary of G0; Emissions from Petroleum Systems [Gg) e 55 97 55% 59 TS50 ——T9T%
351 Activity 1990 1995 2000 2006 2007 2008 2009 2010 Mishaps 0.09 0.09 0.10 014 016 016 018 0.19 018
639] Production Field %ﬁﬁ‘f"“”‘m - 000272 | 1017249  17,167.79 5,525.04 781235 8.664.25 10,024.82 954539 954539
| 640 Operations 376 341 323 285 202 280 311 322 Offshore
| 641 ] Pneumatic device venting 27 26 24 22 22 23 23 23 Offshore water Gas )
-% Tank venting 328 206 281 246 252 239 270 281 ;‘;C‘fgf;“ (GoM & 147 131 136 164 163 155 152 141 135
v Misc. venting & fugitives 18 18 17 16 16 16 16 16 Deepwater Gas Platfc
) epwater Gas Platforms
] Wellhead fugitives 1 1 1 1 1 1 11 CoM & Pacific) 003 003 0.04 0.07 012 011 011 011 012
646] Refining F‘“(;‘;fhi“e“““"‘s - 23037 163.13 197.22 204.31 14648 16005  360.00  360.00  360.00
— % Asphalt Blowing 18 19 21 20 18 17 4 15 Total 9,703.42 10,719.03  17,941.16 6,424.06 8,800.75 9,742.58 11,319.22 10,871.21 10.844.43
529] Total 304 360 344 306 310 297 325 337 T Energy use CO, emissions not estimated to avoid double counting. NE = not estimated.
50
Eil
552 |
553 |
54
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Farina, Michael F. (2011) Flare Gas Reduction: Recent global trends and policy considerations, GE Energy Global Strategy and Planning, Jan11, 60 pp.

Comparison of Global Gas Flaring Data Estimates 2000-2008

nd
hael F. (2011) page 17.

) BCM per Y
A Global Challenge ... Making progress ... but much more to do perYear
BCM per Year 200 Maximum Estimate
180
B Restof
i World
160 I s ol GGFR - Satellite
140"
. !
N 2o I - :’:. Reporting Agency Sources
N 100
« o] == Arbia Minimum Estimate
w | | B &= 5angoe
80 1 W Algeria
- sk 50—
. 60 W Kazal tan
T ¥ Iraq
40_{ M iran T T T 7
20 Nigeria ‘00 01 02 03 04
™ Represents ~98% of Global Gos Flaring W Russia
o
W Top Flaring Countries 05 ' 06 07 ' ‘08 09

Figure 1a: Gas flaring countries and trends Figure 1b: Gas flaring countries and trends
‘Source: NOAA/GGFR CMS note: Estimates are of associated gas (AG) and fugitive emissions, and exclude significant
Farina, Michael F. (2011) page 7. refinery off-gas, petrochemical off-gas, and natural gas operations
Gas Flaring GGFR - Satellite Gas Flaring GGFR - Satellite Oil Production by Region

BCM per Year Million Barrels per Day

200 Region 00 | '0:
180-| 174 175
165 162 167 165 World 749
153 155 .

Russia 406|419 | 445 | 534|506 590 | 506 | 520 | 406 | 461 1607 | e 22 65|71 77|85 93 96 98 100 99 100
Caspian 66 | 7.3 | 100 100 98 105 108 90 98 82 10} 1 .:J:::e i 15 | 17 18 | 20 24 | 27 | 28 | 30
EENETE G e T i e (S ) e [N ) ) e

As
Middle East 386 355 332 396 384 387 394 361 344 361 Fase Middle East 235 230 216 234 248 253 255 252 262 244

M Latin

80|
Ar
mmmmmmmm o merco [rm= e W2 o e 0 s 5 e
82 83 70 74 72 70 74 66 70 7.1 5 Middie Fost 46 45 45 43 43 42 41 41 41 42

40+ Africa

NorthAsia 23 24 23 27 28 29 29 26 23 24 33 33 33 34 35 36 37 37 38 38
20 M Russia and

N.America | 42 | 42 | 38 | 41 | 34 |35 37|39 |41 39 Caspian N.America | 105|103 | 105 | 104 99. (100102 | 100 | 104
o

E o N e w oo 03 o 05 0o 0 o o Eeo [E[=lEl=lE=EEE]E]

Figure 6.1: Regional gas flaring trends 2000 to 2009 from two data sources Figure 8: Crude oil production by region

‘Source: GE Energy, GGFR/NOAA, EIA, Source: BP Statistical Review of World Energy, Jur 0

Farina, Michael F. (2011) page 18. Farina, Michael F. (2011) page 21.

Gas Flaring Reported Sources (IEA-EIA-Cedigaz)

3

)

Europe

W North
America

W Asia

M Latin
America

W Middle East
Africa

M Russia and
Caspian

CO, Emissions from Flaring Share of Energy
Gas Flaring Sector CO, Emissions
Million Metric Tonnes per Year Percentage

CO, Emissions from Gas Flaring

Nigerian Gas Flaring by Company 2000-2009
Million Metric Tonnes per Year

Billion Cubic Meters per Year

500

450 -] 445 Company ’00-'03 | '03-'05
424 | 445 | 419 | 394 | 361 | 1. . 4 . . 424 419 o
400-|
129 | 150 | 129 | 132 | 103 Y 61 e okl
1 £

150 | urope

Caspian | mtomn Shell (SPDC)

Mmoo B _ﬂ--ﬂﬂﬂ
250-| mAsia

MiddleEast 98 98 100 92 8 70 66 65 57 51 o Lotin h
200 evron

America A

Lameris | 10 20 |10 20 | 213 13 12]12 14 [ 0

- W Middle East Total

SE Asia 18 18 19 17 18 07 06 06 05 05
100 Africa

NothAsia 7 7 7 7 6 01 01 01 01 01 - ENI(NAOC)
0] wssia and

N. America 10| 11 01|01 01|01 02 Cospian A S 16

-mnnnnm-mm

Figure 9: CO2 emissions from gas flaring and share of energy sector emissions: 2004-2008
SC UNOAA EIA

Figure 12: Nigerian Gos Flaring by company 2000-2008

tor Includ from coal, oil. gus, and Gas Fiaring indludes calculated 02 fom flaring and estimoted venting at fiare sites. ce: Nigerian National Petroleum Corporation INNPC stotistical bulletins

Farina, Michael F. (2011) page 23. Farina, Michael F. (2011) page 27.
Farina, page 21: “Based on the flaring estimates presented above, 350 to 400 million metric tons (MMT) of CO2 equivalent comes from associated

gas flaring and venting of methane at flare sites. This represents about 1.2 percent of global CO2 emissions from primary hydrocarbon sources

(coal, oil, and gas). Based on the 2008 data, the 361 MMT of CO2 emissions coming from gas flaring is roughly equal to 44,000 MW of electricity or

roughly 62 medium-sized 700 MW coal plants. Put another way, assuming that 1.0 million average cars and trucks produce 4.6 million tons of CO2

equivalent per year, eliminating gas flaring would be equivalent to taking 77 million cars off the road annually.”

Nigerian Gas Flaring by Company

Others.

M Addsx-Sinopec

M ENIINAOC)

o Total

M Chevron
ExxonMobil

I Shell (SPDC)
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Farina, Michael F. (2011) Flare Gas Reduction: Recent global trends and policy considerations, GE Energy Global Strategy and Planning, Jan11, 60 pp.

Gas Flaring in Latin America and North America Gas Flaring in the Americas Gas Flaring in Asia Gas Flaring in Asia

BCM per Year BCM per Year BCM per Year BCM per Year
Region B Region ‘01 ‘03 | 04 | 05 | ‘06 ‘07 127
Americas ! 16+ B 3 13 ia 10. 1 99 | 10.
» 10- 11 10 10 10 10
Venezuela 22| 26|28 14 12 non 2 o Indonesia | 40 | 42 | 35 34 31|29 31|25 9 . o
1 rs 9 10 ers
mmmmmmmmmmm 121 " Coratn -ﬂﬂﬂﬂﬂﬂﬂﬂ ] s
Brazil 10 W UsA W Australia
) o B Ecuador C > >4 67 u Ching
W Brazil < - W Vietnam
6 Mexico - -~ - . - - 5 . - 5 a- Maloysia
i W Venezuela Thailand ) . r . . . W Indonesia
India 27
Brunei Darus| 0.1
o
0 01 02 03 04 05 06 07 08 09 03 0 01 02 03 ‘04 05 06 07 08 09
laring In the Ame fiaring in Asia
Farina, Michael F. (2011) page 36. Farina, Michael F. (2011) page 36.
Global Africa Latin America North Asia
T 90+ oil Production - 120% T 2 -120% § 124 - 120% = 4o 0il Production - 120%
s il " . ’ ————
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37% ——a N e~ »100%5 glo- - 100% § e 0 & P F100% § E s .___.'/ So _ 100% §
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Russia Farina, Michael F. (2011) page 20.
Bz 124 ~120% “On an energy equivalent basis, globally 150 Bcm of annual gas flaring is the same as almost 2.4 MMB/d of oil production 3 percent of global crude production.”
g, ol : 100% 8
g0 m=amSee NS 100% &
S PN 4
o 8 Feo% 8
£ N~ 4
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S o -a0% 2,
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I o2 F20% &
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Farina, Michael F. (2011) page 20. Farina, Michael F. (2011) page 42.
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Figure 7.1: Regional gas flaring relative to crude oil production Source: GGFR/NOAA, BP Statistical Report, GE Energy.

Farina, Michael F. (2011) Flare Gas Reduction: Recent global trends and policy considerations, GE Energy Global Strategy and Planning, Jan11, 60 pp.

Diffference between reported and satellite measurements

Russia and Caspian Africa
BCM per Year BCM per Year

& &

70 Satellite (GGFR) .

Satellite (GGFR)
-
a0
s0-|
Reported Sources.
a0 b (Cedigaz-EIA-1EA)
30|
204
20 Reported Sources
104 (Cedigaz-EIA-IEA) 109
0 T T T T T o T T T T T T T T 1
0 G 03 w 05 U o 0% 0 0 0 03 %4 05 06 07 %8 09

Middle East Latin America
BCM per Year BCM per Year

a5 254

Satellite (GGFRI

Reported Sources
(Cedigaz-EIA-IEA)

15 Reported Sources

104 (Cadigaz-E1A-1EA) . Satellite (GGFR)

s
— T T T — T — T T T 1
o0 %2 v 04 05 U6 07 08 09 o %2 03 04 V5 06 07 8 09

Asia North America

BCM per Year BCM per Year

16 7

Reported Sources
(Cedigaz-EIA-IEA)

Reported Sources
6 (Cedigaz-EIA-IEA)
s

o] satellite (GGFR)
34 Satellite (GGFR)
6
a 279
2 1
— T T T — T T T T T T 1T
0 G U3 w 05 U W 08 0 0 0 03 % 05 06 07 U8 09
Figure A-LA regional flaring the reported evels of gas faring and the levels indicated by satelite survey.

Hots:Ecropean esumates arebroody consstent.
Source G Energy, GGPR. E1A, Cedgaz, IEA.

Farina, Michael F. (2011) page 50.
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880 . P 10 o5 Farina, Michael F. (2011) page 29. Farina, Michael F. (2011) page 34. Farina (2011) page 58.
8 Farina (2011) page 57. The “Eternal” flames of Ebocha (Nigeria); Michael Kamber, 2005
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\ additional data on venting and flaring |

Life Cycle Associates (2009) Assessment of Direct and Indirect GHG Emissions Associated with Petroleum Fuels

Country Flaring | Production Us. Flared g/gal g/MJ
(bem/y) | (1000 bbld) | Consumption | m3/bbl  Crude | Gasoli
ne
20 Congo 12 m 04% 148 620 465 Flaring Emissions (bomy)
19 Gabon 15 230 0.4% 179 743 562 0 5 10 15 2 2%
18 Brazil 15 1833 10% 22 94 0.70 , . , . . . I
Nigeria —— T
17 United Kingdom 16 1636 0.6% 27 112 084 Russia (Total
16 Mexico 15 3477 83% 12 19 037 (T"a':
15 Azerbajan 25 868 03% 79 330 248 wraq
14 Libya 25 1848 05% 37 155 116 Angola
13 Kazakhstan 27 1490 0% 50 208 156
12 Kuwait 27 2526 10% 29 123 092 Qatar
11 USA 28 6978 407% 11 46 035 Algeria [z
10 Equatorial Guinea | 36 363 0.1% 272 1138 854 i
9 Indonesia 37 969 01% 105 38 329 Equatorial Guinea
T Algera a3 2000 16% 59 T | 18 USA
7 Qatr i 1197 % 103 231 334 Kuwait
Kazakhstan
6  Venezuela 54 2613 63% 57 237 178 -
Libya
5 Angola 68 1723 295% 108 453 340 _
7 Ing 36 2145 29% 110 760 35 Mexico @Annual Flaring
3 Iran 133 4401 0% 83 347 2.60 United Kingdom  GHG Intensity/ Oil
3 Russia (Tota) 149 9978 0% a1 7| 19 Brazil Output
1 Nigena 241 2356 6.4% 280 1173 881 Gabon
Total 5485 757% 138 Congo
o o1l 90% of ted with oil GREET Defaults
son o ‘assuming 90% of flaring is associa . 0 2 4 6 8 10 12
USS. venting emissions estimated at 43.36 g CH,/mmBtu with average of 69.54 Venting: [ 165
£ CHy/mmBru as GREET default. Oil processing: | 036
GREET oil processing leaks are inferred by subtracting combustion emissions Flaring GHG Intensity (g/MJ)
from total methane from oil production with a default calculationof 1533 g
C?l'"f‘mg'“ Life Cycle Associates (2009), page 29.
NigerianU.S. on a gCOze/MJ basis = 25:1

Figure 5. Leading countries with flared gas emissions (Source: World Bank, EIA petroleum).
Life Cycle Associates (2009) Assessment of Direct and Indirect GHG Emissions Associated with Petroleum Fuels,

Stefan Unnasch, Ralf Wiesenberg, & Susan Tarka Sanchez, for New Fuels Alliance, 94 pp., www.lifecycleassociates.com

Table 12. Estimate of Natural Gas Flaring in Oil Producing Countries, page 31.
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D234

Rick Heede:

World Bank / Global Gas Flaring Reduction Initiative (2005), GGFR Steering Committee Meeting: Presentations: Agenda #2: Demo Projects, London, 16Nov0S5, slide 30 of 55.
Note: GGFR underscores both “reported” flaring and “provisional”. The group does not indicate suspected total flaring rates (above those reported).

The Top 20 Countries are responsible for 105 Bcm in 2004, of which Nigeria (24.1 Bcm), Russia (14.7 Becm), and Iran (13.3 Bem) are the top three.

D235
Rick Heede:
World Dry Gas Production from: Energy Information Administration International Energy Annual 2004, Table 2.4 World Dry Natural Gas Production, 1980-2004.

D236
Rick Heede:
CMS note: This differs from percent of production in that flared natural gas is not counted in net natural gas production, the most common metric. In addition, CO2 is vented directly, removed from wet gas, and combusted from operators’ production.

D237
Rick Heede:
United Nations Development Programme / World Bank (2001) Africa Gas Initiative: Main Report, vol. 1, 55 pp. Estimates “4.8 Tcf of gas (135 Bcm) of gas is flared or vented worldwide.”

D251
Rick Heede:
Conversion from BP Statistical Yearbook, glossary.

F254
Rick Heede:
This conversion is specific to CMS accounts of non-fuel uses of natural gas, incomplete combustion, etc, although the CMS factor is very close to the carbon coefficient of natural gas used elsewhere.

B287
Rick Heede:
Heede, Richard (2003) ExxonMobil Corporation: Emissions Inventory 1882-2002: Spreadsheets, Climate Mitigation Services, “Vent&Flare” worksheet, at Cell F11. Cell comment in full:
Flaring of natural gas is common from production facilities without gas infrastructure or distant from consumer markets or with gas too poor in quality to market. As with venting practice, it is not possible to give an accurate picture of ExxonMobil’s global flaring, much less do so over
several decades of time, in dozens of production environments, without access to company records. It is clear, however, that flaring rates have declined dramatically over time -- especially, of course, near developed markets in the US -- and also that flaring rates remain high offshore
and internationally.
We use three benchmarks:
Benchmark 1: The U.S. year 2000 average flaring rate: 4.5 million tonnes carbon divided by total US gas consumption of 336 million tonnes carbon = 1.34 percent. This is in a mature market with relatively stiff regulatory pressure to reduce waste and pollution, and we consider this
flaring rate the minimum. Energy Information Administration (2001) Emissions of Greenhouse Gases in the United States, 2000, US DOE, Washington, p. 28.
Benchmark 2: ANL’s GREET model cites 1996 “Worldwide NG Production and Flaring” at 4.6 percent (3,823 billion cf flared and annual production of 82,500 billion cf = 4.6 percent). Wang & Huang (1999) A Full Fuel-Cycle Analysis of Energy and Emissions Impacts of Transportation
Fuels Produced from Natural Gas, Argonne National Laboratory, p. 36; www.transportation.anl.gov/
Benchmark 3: For a historical perspective on the flaring rate in the United States we use U.S. Bureau of Mines and EIA statistics. Flaring is not only ubiquitous, but the rate is far higher in distant locations, and in under-developed markets (which existed in the U.S. until natural gas market
started to mature in the 1920s). Data for “Vented and Wasted” natural gas starting in 1920 indicate a high percentage declining gradually over time:

1920: 239 billion cf of 812 Bcf marketed = 29.4 percent;

1930: 519 Bef of 1,979 Bcf marketed = 26.2 percent;

1940: 656 Bcf of 2,234 Bcf marketed = 24.00 percent;

1950: 801 Bcf of 6,282 Bcf marketed = 12.75 percent;

1960: 563 Bcf of 12,771 Bcf marketed = 4.41 percent;
1970: 489 Bcf of 21,921 Bcf marketed = 2.23 percent;
1980: 126 Bcf of 20,180 Bcf marketed = 0.62 percent;
1990: 150 Bcf of 18,594 Bcf marketed = 0.81 percent;
2000: 91 Bcf of 20,198 Bcf marketed = 0.45 percent.

Note: this is a fraction of natural gas flared; since most gas flared is actually unmarketable or wasted gas associated with oil production, we will tie the flaring fraction to aggregate oil sales for each company.

Source: Bureau of Mines (year unknown) Minerals Yearbook, Historical tables, M147-161, US Dept Interior (1920 and 1930)

Source: Energy Information Administration (2003) Natural Gas Annual, 2002, US DOE, Table 3 and historical data (1940-2000); www.eia.doe.gov/oil_gas/natural_gas/data_publications/natural_gas_annuatnga.html.
Benchmark 4: The Carbon Dioxide Information Analysis Center has estimated global CO2 emissions from gas flaring activities worldwide; this data set is shown on this worksheet (column R, with emissions from global gas consumption in column S, and the calculated flaring rate in column
T). Note: we extend the flaring rate estimate back to 1900, since CDIAC starts flaring data in 1928; see comments in column T for details.

Source: Marland, G., T.A. Boden, & R.J. Andres (2002) Global, Regional, and National CO2 Emissions. In Trends: A Compendium of Data on Global Change. Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, Tenn., U.S.A.
http://cdiac.esd.ornl.gov/trends/emis/tre_glob.htm
Benchmark 5: Royal Dutch/Shell Group, which has published flaring statistics for the past several years, estimates that in 2001 it flared 10.3 million tonnes of carbon dioxide (2.81 million tonnes carbon MtC). Here we create three benchmarks based on Shell’s flaring: 5a: per barrel of oil
produced, 5b: per barrel of oil marketed, and 5c: per natural gas “made available for sale.”

5a: 2.81 MtC over 810 million bbl produced ---> 2.81 MtC/85.3 MtC from the oil’s combustion = 3.29 percent;

5b: 2.81 MtC over 2,242 million bbl marketed ---> 2.81 MtC/236.0 MtC from the oil's combustion = 1.19 percent;

5c: 2.81 MtC over 3,288 billion cubic feet of natural gas available for sale (47.2 MtC) ---> 2.81 MtC/47.2 MtC = 5.95 percent.

Source: calculated from Royal Dutch/Shell Group (2003) Financial and Operational Information, 1998-2002, p. 32, and the Shell climate site (www.shell.com).
Considerations: ExxonMobil’s operations are increasingly overseas, where flaring rates are typically higher than in the U.S. (especially offshore, Africa, and the Middle East); flaring rates have declined sharply over the last several decades (especiallyin the U.S.); oil production facilities have
been important sources of flaring; oil and oil products transport and storage continue to be sources or flared gas; finally, ExxonMobil’s flaring rate is likely higher than industry leaders such as BP-Amoco and Shell Group (and therefore remains an important mitigation opportunity).
Conclusion: Inasmuch as flaring occurs throughout the production and supply chains of both natural gas and oil operations, we conclude that both hydrocarbon streams marketed by ExxonMobil should be bases of flaring emissions in the following manner:
Gas operations flaring emissions: 70 percent (0.7) of the global flaring rate estimated by CDIAC is applied to ExxonMobil’s marketing of natural gas (carbon emissions from each company’s gas sales time that year’s CDIAC flaring rate in column V constitutes flaring emissions from XOM’s
gas operations (and that formula is: =(‘Natural Gas’!G33*V33)*0.7). Thus, we credit XOM with a smaller flaring rate than typical practice, in part due to XOM’s operations being in more competitive markets, with more mature infrastructure, and a greater corporate emphasis on

AncillaryCH4&CO2.xls



Cell:
Comment:

Cell:
Comment:

Cell:
Comment:

Cell:
Comment:

Cell:
Comment:

Cell:
Comment:

Cell:
Comment:

Cell:
Comment:

Cell:
Comment:

Cell:
Comment:

Cell:

Flaring & Venting

marketing vs flaring natural gas.
Oil operations flaring emissions: 1.7 percent of carbon emissions from total oil sales (and that formula is: =’Aggreg Product’G33*0.017).

B288

Rick Heede:

U.S. Government Accountability Office (2004) Natural Gas Flaring And Venting: Opportunities to Improve Data and Reduce Emissions, Report to the Honorable Jeff Bingaman, Cmte on Energy and Natural Resources, U.S. Senate, GAO-04-809, 36 pp. At page 12, “flaring and venting
represent only 3 percent of the total natural gas production, ... gbout 100 billion cubic meters a year ...”

B289

Rick Heede:

World Bank / Global Gas Flaring Reduction Initiative (2005), GGFR Steering Committee Meeting: Presentations: Agenda #2: Demo Projects, London, 16Nov0S5, slide 30 of 55.
See calculations in table 27 above.

Note: GGFR underscores both “reported” flaring and “provisional”. The group does not indicate suspected total flaring rates (above those reported).

B290

Rick Heede:

United Nations Development Programme / World Bank (2001) Africa Gas Initiative: Main Report, vol. 1, 55 pp. Estimates “4.8 Tcf of gas (135 Bcm) of gas is flared or vented worldwide.”
See calculations in table 27 above.

B291

Rick Heede:

Marland, Gregg, T. A. Boden, & R. J. Andres (2002) “Global, Regional, and National CO2 Emissions.” In Trends: A Compendium of Data on Global Change, Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. DOE,
http://cdiac.esd.ornl.gov/trends/emis/treglob.htm

Note: See CMS’ “CDIACglobalcarbon1751-2002.xIs” for details.

C291

Rick Heede:

CDIAC does not estimate flaring prior to 1950. It is worth noting that the flaring rates -- especially from associated gas (that is, associated with crude oil production, often in areas with no gas transportation infrastructure) -- were large since the early days of oil production, and indeed
were probably a higher proportion prior to 1950. CMS has not documented the global quantities or flared gas proportions 1880 to 1950. See below for CMS quantification of US flaring and venting rates 1900 to 1950.

M307
Rick Heede:
Carbon dioxide is vented from both oil and gas production platforms and from gas processing facilities to reduce CO2 content and to meet pipeline gas specifications. Since facilities, rates, CO2 content, technology, and standard practice varies over time and space, an accurate
inventory of emissions cannot be done for an oil and gas company without deep access to the operational data.
Benchmark 1: the US CO2 venting rate from natural gas operations (4.9 million metric tonnes carbon of CO2 removal from US natural gas production divided by total US gas consumption of 315 million tonnes carbon, or 1.53 percent, 1999 data).

Source: Energy Information Administration (2001) Emissions of Greenhouse Gases in the United States, 2000, US DOE, Washington, p. 28.
Benchmark 2: reducing CO2 content of sour gas from 3.0 mole percent CO2 to 2.0 mole percent CO2 results in the venting of 147.8 tonnes carbon per billion standard cubic feet processed. This alone is equivalent to a venting rate of 1.0 percent.

Source: American Petroleum Institute (2001) Compendium Of Greenhouse Gas Emissions Estimation Methodologies For The Oil And Gas Industry, p. 4-32.
Benchmark 3: The BuMines data shows “Vented and Wasted Gas” from 1936 to 1970 (ranging from a high of 26.5 percent of marketed gas production in 1944 to a low of 2.23 percent in 1970), but the table’s footnotes do not elucidate what is being counted. We suspect the data is
predominantly vented (that is, unflared) natural gas and flared natural gas, and probably does not include vented CO2.

Source: Bureau of Mines (year unknown) Minerals Yearbook, Historical tables, M147-161, US Dept Interior.
Benchmark 4: “Non-hydrocarbon gas removed from natural gas” (NHGR, which is predominantly carbon dioxide but also significant quantities of nitrogen, hydrogen sulfides, and helium; no data for each gas) is shown for 1980-2002. In 1980, the NHGR rate was 0.99 percent; in 1990 =
1.56 percent, and 2000 = 2.50 percent.

Source: Energy Information Administration (2003) Natural Gas Annual, 2002, US DOE, Washington, Table 3 plus historical data; www.eia.doe.gov/oil_gas/natural_gas/data_publications/natural_gas_annuatnga.html.
Conclusion: Consideration of all of these benchmarks leads us to increase the the EIA’s venting rate from 1.53 percent by 1.15 percent to account for imports of natural gas (that factor divided domestic CO2 removal by total consumption; US imports was 18 percent in 2001). 1.53 x
1.15=1.76.
The formula is: =(‘Natural Gas’!columnGcell#)*0.0176

D328
Rick Heede:
CMS note: This differs from percent of production in that flared natural gas is not counted in net natural gas production, the most common metric. In addition, CO2 is vented directly, removed from wet gas, and combusted from operators’ production.

L402
Rick Heede:
Revised from 2.1 Bcm in 2010 to 2.5 Becm; 2.6 Bcm in 2011.

L404
Rick Heede:
World Bank revised USA 2010 flaring from 2.1 Bcm to 4.6 Bcm; up to 7.1 Bcm in 2011.

L413

Rick Heede:

Estimated Flared Volumes from Satellite Data, 2007-2011, http://go.worldbank.org/DO3ET1BVDO has been updated with 2011 data (140 Bcm), though deleting data for 2006.

Country revised data for 2010: Russia to 35.6 Bcm in 2010, Nigeria to 15.0 Bcm, Iran to 11.4 Bem, Iraq to 9.4 Bcm, USA to 4.6 Bem (including North Dakota), and total world from 134.0 Becm in 2010 revised to 138.0 Bcm.
1469
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Comment: Rick Heede:
The year 2005 data is from EPA’s inventory report for 2008.

Cell: B472
Comment: Rick Heede:
EPA data covers numerous gas processing CO2 emissions (compressors dehydrator vents, Kimray pumps, and acid gas removal vents (AGR)), of which AGR gas removal accounts for 99.8 percent. EPA U.S. inventory, Appendix a, Table A-131.

Cell: B473
Comment: Rick Heede:
EPA 2008 inventory, Table A-132: CO2 Emission Estimates from the Natural Gas Transmission and Storage (Gg) total 0.061 MtCO2 for 2008; Table A-133: CO2 Emission Estimates from the Natural Gas Distribution Stage (Gg) totals 0.042 MtCO2. CMS attributes only CO2 emissions
from gas processing plants.

Cell: 1488
Comment: Rick Heede:
The year 2005 data is from EPA’s inventory report for 2008.

Cell: B491
Comment: Rick Heede:
EPA data covers numerous gas processing CO2 emissions (compressors dehydrator vents, Kimray pumps, and acid gas removal vents (AGR)), of which AGR gas removal accounts for 99.8 percent. EPA U.S. inventory, Appendix a, Table A-131.

Cell: B5S10
Comment: Rick Heede:
nterstate Natural Association of America (2005) Greenhouse Gas Emission Estimation Guidelines for Natural Gas Transmission and Storage: Volume 1 - GHG Emission Estimation Methodologies and Procedures, revision 2,, by Innovative Environmental Solutions, Inc. for INGAA, 90 pp.

Cell: C516
Comment: Rick Heede:
EPA (2012) U.S. Inventory, Annex 3, Table A-134: CO2 Emission Estimates from the Natural Gas Production Stage (Gg) CO2) - converted to MtCO2.

Cell: F516
Comment: Rick Heede:
EPA (2012) U.S. Inventory, Annex 3, Table A-135: CO2 Emission Estimates from the Natural Gas Processing Plants (Gg CO2) - converted to MtCO2.

Cell: G516
Comment: Rick Heede:
EPA (2012) U.S. Inventory, Annex 3, Table A-136: CO2 Emission Estimates from the Natural Gas Transmission and Storage (Gg CO2) - converted to MtCO2.

Cell: H516
Comment: Rick Heede:
EPA (2012) U.S. Inventory, Annex 3, Table A-137: CO2 Emission Estimates from the Natural Gas Distribution Stage (Gg CO2) - converted to MtCO2.

Cell: J516
Comment: Rick Heede:
EPA (2012) U.S. Inventory, Annex 3, Table A-144: Summary of CO2 Emissions from Petroleum Systems (Gg CO2) - converted to MtCO2.

Cell: 0516
Comment: Rick Heede:
CMS emission factor for crude oil & NGLs is detailed in and linked to the SUmOil.xls worksheet.

Cell: J519
Comment: Rick Heede:
CMS interpolates 1992 petroleum system emissions.

Cell: C557
Comment: Rick Heede:
EIA “International Energy Statistics” table on global Crude Oil including Lease Condensate, data on US 1990-2010.

Cell: F557
Comment: Rick Heede:
CMS emission factor for crude oil & NGLs is detailed in and linked to the SUmOil.xls worksheet.

Cell: C630
Comment: Rick Heede:
EPA (2012) pages 3-48 & 3-49: “The primary basis for estimates of CH4 and non-combustion-related CO2 emissions from the U.S. natural gas industry is a detailed study by the Gas Research Institute and EPA (EPA/GRI 1996). The EPA/GRI study developed over 80 CH4 emission
factors to characterize emissions from the various components within the operating stages of the U.S. natural gas system. The same factors were used to estimate both CH4 and non-combustion CO2 emissions. CO2 factors were developed using the CH4 emission factors and average
CO2 and CH4 content of gas. See Annex 3.4 for more detailed information on the methodology and data used to calculate CH4 and non-combustion CO2 emissions from natural gas systems.”
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