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From the carbon content of natural gas to estimated emissions per billion cubic feet (Bcf)
Climate Mitigation Services

Rick Heede
Carbon Majors Project

4-Jun-13

Table 1 Natural Gas

Kg carbon per Million Btu Million Btu per 1,000 cf Kg carbon per 1,000 cf Kg CO2 per 1,000 cf
kgC/million Btu (HHV) (HHV) million Btu/kcf kgC/kcf kgCO2/kcf

Step 1:  Carbon in produced natural gas (net production) 14.46                                      1.028                              14.86                              54.44                              

Step 2:  Energy inputs to gas extraction, transport, processing, & delivery (applied in SummaryRanking.xls) 14.86                              54.44                              

Step 3:  Vented carbon dioxide, gas operations (applied in SummaryRanking.xls) 14.86                              54.44                              

Step 4:  Direct venting of methane (intentional & fugitive), gas ops (applied in SummaryRanking.xls) 14.86                              54.44                              

Step 5:  Flaring of natural gas, gas operations (applied in SummaryRanking.xls) 14.86                              54.44                              

Step 6:  Adjust for carbon sequestered through non-energy uses of gas estimated in “non-energy uses” 0.98144                               14.58                              53.43                              

Step 7:  Adjust for oxidation rate 100 percent 1.00000                               14.58                              53.43                              

Step 8:  Convert step 7 factor to emissions per billion cubic feet (Bcf) Million tonnes Carbon and CO2 per billion cf (Bcf) 0.01458                 0.05343                 

Step 9:  Link to Gas Emissions worksheet Million tonnes Carbon and CO2 per billion cf (Bcf) 0.01458                 0.05343                 

Kg carbon per million Btu Million Btu per 1,000 cf final kg C/kcf
Table 2a Values (based on EPA and EIA factors) 14.46                                              1.104                                      15.97                                      94.5% 93.0%

Kg carbon per billion Joules Billion joules per 1,000 cf final kg C/kcf
Table 2b Values (based on IPCC and UN factors) 15.30                                              1.105                                      16.91                                      105.9% 87.9%

Table 2c Standard heating value (per UN), “net calorific value.” 39,021                                             kJ/m^3
39.02                                              MJ/m^3 Cumulative CM gas prod’n 2,247,891                               Bcf

35.31467                                         cf/m^3 Cumulative CM gas prod’n 63,653                                    Bcm
1.1050                                             MJ/cf   (calculated) Carbon content 33,400                                    MtC
1.1050                                             GJ/kcf Of which carbon sequestered 620                                         MtC
1,055                                              J/Btu

35.3147                                  
Table 2d IPCC default values 48.00                                              net calorific value, TJ/Gg 1.8870                                    mtCO2/Bcm

15.30                                              default carbon content, kgC/GJ

14.50                                              kg C/million Btu
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J K L M N O P Q R S T U V W X Y Z AA

EIA / EPA background data on default values for natural gas Year Marketed 
prod’n, HHV

Dry natural 
gas, HHV

Average of 
Mark & Dry 

1949 1,120                 1,035 1,078        
1950 1,119                 1,035 1,077        
1955 1,120                 1,035 1,078        
1960 1,107                 1,035 1,071        
1965 1,101                 1,032 1,067        

EPA (2012) Table A-43, Annex 2, page A-65. 1970 1,102                 1,031 1,067        

1971          1,103          1,031 1,067        

EPA Energy Hub 1972          1,100          1,027 1,064        
0.001028    mmBtu/scf 1973          1,093          1,021 1,057        

53.02         kgCO2/mmBtu 1974          1,097          1,024 1,061        
0.054505    kgCO2/scf 1975 1,095                 1,021 1,058        

54.50         kgCO2/kcf 1976 1,093                 1,020 1,057        
14.87         kgC/kcf 1977 1,093                 1,021 1,057        

100.11% % of final (F15) 1978 1,088                 1,019 1,054        
1979 1,092                 1,021 1,057        

EPA (2012) Inventory of U.S. Greenhouse Gas Emissions and Sinks, 1990 – 2010, Annex 2: Methodology and Data for Estimating CO2 Emissions from Fossil Fuel Combustion, 1980 1,098                 1,026 1,062        
Table A-42: Carbon Content Coefficients for Natural Gas (Tg Carbon/QBtu), page A-64. 1981 1,103                 1,027 1,065        

1982 1,107                 1,028 1,068        
1983 1,115                 1,031 1,073        

Pure methane, 75% C by weight 14.20         TgC/QBtu 1984 1,109                 1,031 1,070        
EPA 2011 1,005         Btu/sf 1985 1,112                 1,032 1,072        

1986 1,110                 1,030 1,070        
1987 1,112                 1,031 1,072        
1988 1,109                 1,029 1,069        
1989 1,107                 1,031 1,069        
1990 1,105                 1,029 1,067        

1991 1,108                 1,030 1,069        

1992 1,110                 1,030 1,070        

1993 1,106                 1,027 1,067        
1994 1,105                 1,028 1,067        
1995 1,106                 1,026 1,066        
1996 1,109                 1,026 1,068        
1997 1,107                 1,026 1,067        
1998 1,109                 1,031 1,070        
1999 1,107                 1,027 1,067        
2000 1,107                 1,025 1,066        
2001 1,105                 1,028 1,067        
2002 1,103                 1,024 1,064        
2003 1,103                 1,028 1,066        
2004 1,104                 1,026 1,065        
2005 1,104                 1,028 1,066        
2006 1,103                 1,028 1,066        
2007 1,102                 1,027 1,065        
2008 1,100                 1,027 1,064        

US EPA (2011) Inventory of U.S. Emissions, Annex 4: IPCC Reference Approach 2009 1,101                 1,025 1,063        
for Estimating CO2 Emissions from Fossil Fuel Combustion 2010 1,097                 1,023 1,060        

2011 1,097                 1,022 1,060        
EIA (2012) Annual Energy Review 2011, Table A4. average 1,104.3     1,027.6     1,065.9     
Note: “The values in this table are for gross heat contents.” 1,042        linked table 1
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IPCC background data on default values for natural gas

IPCC 2006 Table 1.4

Natural Gas 48.00            TJ/Gg
(46.5 to 50.4 TJ/Gg)

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Chapter 1: Introduction, table 1.2 Default Calorific Values

IPCC (2006) Guidelines 2006, Volume 2: Energy, Chapter 2: Stationary Combustion, Table 2.2
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United Nations background data on heat value of natural gas

Table V, United Nations (2012) Energy Statistics Yearbook 2009, UN Statistics Division, Jun12;
unstats.un.org/unsd/energy/yearbook/default.htm United Nations (1987) Energy Statistics:  Definitions, Units of Measure and Conversion Factors,

   UN Statistical Office, New York, Series F-44, 65 pp.,
Note: the “Standard Heat Value” of 39,021 kJ/m^3 is based on Table 12, page 28, United Nations (1987) Energy Statistics: Footnotes to Table 12:
   Definitions, Units of Measure and Conversion Factors, UN Statistical Office, New York, Series F-44, 65 pp., a/  All heat values correspond to net calorific value.
   unstats.un.org/unsd/publication/SeriesF/SeriesF_44E.pdf b/  Under standard reference conditions. To convert from SRC to STP, multiply by 1.0757.
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G13Cell:
Rick Heede:Comment:
We use the isotopic value of CO2 in converting from carbon to CO2. CO2 conversion is, precisely: CO2/C: (C: 12.0107) + (O = 15.9994 x 2) = 44.0095/12.0107 = 3.664191. Kevin Baumert, WRI, May 2005, personal communication.

C15Cell:
Rick Heede:Comment:
CMS first considered applying an emission factor based on the IPCC default value and the UN “Standard Heating Value” for natural gas (see Table 2c below), but rejected this EF as being unreasonably high.
CMS and our technical reviewers agreed that applying a factor based on US EPA and EIA factors provides a conserative emission factor based on published, substantiated, and peer-reviewed data. THe EF combines the EPA’s value of 14.46 
Tg/QBtu with the average HHV heating values of Marketed and Dry Natural Gas Production for 1949-2011.
These factors are documented and described at right.

D15Cell:
Rick Heede:Comment:
EIA and EPA data on carbon content of natural gas (14.46 kgC per million Btu -- usually expressed as 14.46 TgC/QBtu: 14.46 million tonnes of carbon per quadrillion (10^15 Btu)).
EPA (2012) Inventory of U.S. Greenhouse Gas Emissions and Sinks, 1990 – 2010, Annex 2: Methodology and Data for Estimating CO2 Emissions from Fossil Fuel Combustion, Table A-42: Carbon Content Coefficients for Natural Gas (Tg 
Carbon/QBtu), page A-64.

E15Cell:
Rick Heede:Comment:
Natural gas producers typically report “natural gas available for sale”, we use the EIA HHV heating values data for 1949-2011 for “Dry Natural Gas Production” from EIA (2012) Annual Energy Review 2011, Table A-4: Approximate Heat 
Content of Natural Gas 1949-2011 (reproduced on page 2 and linked to cell Y50).
The Marketed Production averages 1,104.3 Btu/scf over 1949-2011, whereas Dry Natural Gas Production averages 1,027.6 Btu/scf. It might be more accurate to average of the “Dry”and “marketed” data sets 1949-2011 to 1,065.9 
Btu/scf, but we apply the “dry” heating value as a conservatism.
Note: these are “gross heating value”, or HHV. Dry natural gas, on the other hand, has a default gross heating value of 1,028 Btu per cf (or 34.37 MJ/m^3).
Natural Gas Marketed Production is defined as “Natural gas gross withdrawals from production reservoirs, less gas used for reservoir repressuring; nonhydrocarbon gases removed in treating or processing operations; and quantities of 
vented natural gas and flared natural gas. Includes all quantities of natural gas used in field and processing operations.”  EIA AER glossary.
Since both the carbon content and heating value factors are HHV we do not need to adjust for the HHV = 1.1 of LHV in this calculation. EPA and EIA both use HHV (unless otherwise noted).

C17Cell:
Rick Heede:Comment:
CMS accounts for company use of produced natural gas in the summary entity worksheet -- along with attributing fugitive methane emissions, vented CO2, flared gas, etc. See the SumRanking.xls worksheet for details.
The objective is to attribute CO2 and CH4 emissions to the producing entities that are in addition to marketed marketed natural gas, or in company terminology, “gas available for sale.” These reported quantities do not account for field-
use of gas in engines, compressors, processing plants, fugitive emissions, or vented CO2 (separating sour gas CO2 to the atmosphere).

C19Cell:
Rick Heede:Comment:
CMS attributes entrained CO2 removed from raw gas in the summary entity worksheet. See the SumRanking.xls worksheet for details.
The “non-hydrocarbon gas removed from natural gas” rate equalled 3.12 percent (836.7 Bcf of 26,836 Bcf total production) in the U.S. in 2010 (EIA (2011) Natural Gas Annual 2010, Table 1).  In addition, 3,431 Bcf was used for 
repressuring (12.79 percent), 166 Bcf was vented and flared (0.62 percent), 22,402 Bcf was marketed (83.48 percent), and 1,070 Bcf in processing loss (3.99 percent).

C21Cell:
Rick Heede:Comment:
CMS estimates and attributes methane releases from natural gas production, processing, and transportation, as well as flaring, in the Carbon Majors entity summary worksheet. See the SumRanking.xls worksheet for details.

C23Cell:
Rick Heede:Comment:
CMS attributes CO2 emissions from flaring operations at production and processing facilities in the Carbon Majors entity summaary worksheet. See the SumRanking.xls worksheet for details and calculations.

C25Cell:
Rick Heede:Comment:
See the separate worksheet in this workbook (“Non-energy uses”), in which CMS calculates the percentage of the natural gas supplied (on average, over the past 31 years, based on US data by EIA and CMS adjustments for re-emission to 
the atmosphere) that is sequestered into fertilizers and methanol.

C27Cell:
Rick Heede:Comment:
IPCC 2006 Guidance uses a 100 percent oxidation factor (revised from 99.5 percent in the 1996 Guidance).
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D36Cell:
Rick Heede:Comment:
EIA and EPA data on carbon content of natural gas (14.46 kgC per million Btu -- usually expressed as 14.46 TgC/QBtu: 14.46 million tonnes of carbon per quadrillion (10^15 Btu)).
EPA (2012) Inventory of U.S. Greenhouse Gas Emissions and Sinks, 1990 – 2010, Annex 2: Methodology and Data for Estimating CO2 Emissions from Fossil Fuel Combustion, Table A-42: Carbon Content Coefficients for Natural Gas (Tg 
Carbon/QBtu), page A-64.

E36Cell:
Rick Heede:Comment:
We use the heat content of marketed natural gas (US average 1949-2010) at 1,105.9 Btu per cf, equiv to 36.98 MJ/m^3, as representative of produced natural gas (this has varied from 1,088 to 1,120 since 1949). EIA (2011) Annual 
Energy Review 2010, Table A4 (reproduced on page 2 and averaged in and linked to cell W50).
Note: this is “gross heating value”, or HHV. Dry natural gas, on the other hand, has a default gross heating value of 1,028 Btu per cf (or 34.37 MJ/m^3).
Natural Gas Marketed Production is defined as “Natural gas gross withdrawals from production reservoirs, less gas used for reservoir repressuring; nonhydrocarbon gases removed in treating or processing operations; and quantities of 
vented natural gas and flared natural gas. Includes all quantities of natural gas used in field and processing operations.”  EIA AER glossary.
Since both the carbon content and heating value factors are HHV we do not need to adjust for the HHV = 1.1 of LHV in this calculation. EPA and EIA both use HHV (unless otherwise noted).

H36Cell:
Rick Heede:Comment:
The new IPCC / UN EF value is 16.3 percent higher than the EPA / EIA value; inverse is 86 percent.

C38Cell:
Rick Heede:Comment:
We derive an emission factor for natural gas production (prior to accounting for non-energy uses, vented CO2, etc) from IPCC default factor (kgC/GJ) and GJ/thousand cubic feet (based on UN Statistics Dept “standard heating value” of 
natural gas (net calorific value)).
Numerically, this is: 15.30 kgC/GJ * 1.1050 GJ/kcf = 16.91 kgC/kcf, or 61.95 kgCO2/kcf.

D38Cell:
Rick Heede:Comment:
The IPCC default value for natural gas is 15.3 kgC/GJ (range from 14.8 to 15.9 kgC/GJ) and is “on a net calorific basis.” IPCC Guidelines 2006 Volume 2: Energy, chapter 1: Introduction, Table 1.3. Also listed as 56,100 kgCO2/TJ in Table 
2.2 on page 3. IPCC 2006 Guidelines vol 2, ch. 2: Stationary Combustion, Table 2.2.

E38Cell:
Rick Heede:Comment:
Calculated in Table 2c below and is based on UN Statistics’ heating value for natural gas.

D40Cell:
Rick Heede:Comment:
Standard heating value of natural gas, “net calorific value.” See Table V, United Nations (2012) Energy Statistics Yearbook 2009, UN Statistics Division, Jun12; unstats.un.org/unsd/energy/yearbook/default.htm. chapter on natural gas 
heating values puts “Standard Heat Value” at 39,021 kJ/m^3. Reference to Table 12, page 28, United Nations (1987) Energy Statistics: Definitions, Units of Measure and Conversion Factors, UN Statistical Office, New York, Series F-44, 
65 pp., unstats.un.org/unsd/publication/SeriesF/SeriesF_44E.pdf

D47Cell:
Rick Heede:Comment:
Net calorific value of natural gas shown as 48.0 TJ/Gg (range from 46.5 to 50.4 TJ/Gg), IPCC 2006 Guidelines vol 2, ch. 1: Introduction, Table 1.2.
Also lists crude oil at 42.3 TJ/Gg, and  coal from 11.9 to 28.2 TJ/Gg.
Nowhere does the IPCC show conversions or default values for TJ or Gg per cubic meter of natural gas, or, for that matter, for crude oil or coal.
Thus we resort to UN heating value above.

D48Cell:
Rick Heede:Comment:
The IPCC default value for natural gas is 15.3 kgC/GJ (range from 14.8 to 15.9 kgC/GJ). IPCC Guidelines 2006 Volume 2: Energy, chapter 1: Introduction, Table 1.3. Also listed as 56,100 kgCO2/TJ in Table 2.2 at right. IPCC 2006 
Guidelines vol 2, ch. 2: Stationary Combustion, Table 2.2.

R51Cell:
Rick Heede:Comment:
“The U.S. Energy Information Administration typically uses gross heat content values.” EIA AER Glossary.
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