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Calculation of Coal Coefficients by Coal Rank (EPA values) Non-energy uses Adjusted Not including methane,
 (prior to adjusting for oxidation and non-fuel uses) 3.664191 CO2/C (100% oxidation) Coal Coefficient included elsewhere

Million Btu/sh ton kgC/million Btu kgC/ton kgC/tonne Percent C Tonne CO2/tonne adjustment factor tonne CO2/tonne coal
Lignite 14.21              26.28              373.4         411.6              41.2% 1.5082              0.9998                  1.5080                  Lignite U.S. ave. utility coal

Sub-bituminous 17.25              26.46              456.4         503.1              50.3% 1.8434              0.9998                  1.8431                  Sub-bituminous year million Btu/ton
Bituminous 24.93              25.47              635.0         699.9              70.0% 2.5647              0.9998                  2.5643                  Bituminous 1950 23.94                  
Anthracite 25.09              28.24              708.4         780.9              78.1% 2.8614              0.9998                  2.8609                  Anthracite 1955 24.06                  

Metallurgical coal 26.28              25.54              671.2         739.8              74.0% 2.7108              0.9998                  2.7104                  Metallurgical coal 1960 23.93                  
Thermal coal 19.73              25.74              507.8         559.8              56.0% 2.0510              0.9998                  2.0507                  Thermal coal 1965 23.78                  

prod weighted ave. 25.99              1970 22.57                  
1975 21.78                  
1980 21.30                  

Carbon Majors applies IPCC-derived coefficients in “Coal Emissions” worksheet 1985 20.96                  
1990 20.78                  

Calculation of Coal Coefficients by Coal Rank (IPCC default values) 1995 20.54                  
 (prior to adjusting for oxidation and non-fuel uses) Non-energy uses Adjusted Not including methane, 2000 20.51                  
IPCC default value IPCC values calculation 3.664191 CO2/C (100% oxidation) Coal Coefficient included elsewhere 2005 19.99                  

GJ/tonne kgC/GJ kgC/tonne Percent C Tonne CO2/tonne adjustment factor tonne CO2/tonne coal 2010 19.61                  
Lignite 11.90              27.60         328.44            32.8% 1.2035              0.9998                  1.203                  Lignite arithmetic average 20.32                  

Sub-bituminous 18.90              26.20         495.18            49.5% 1.8144              0.9998                  1.814                  Sub-bituminous average of bit. & subbitum. 21.09                  
Bituminous 25.80              25.80         665.64            66.6% 2.4390              0.9998                  2.439                  Bituminous ave bit & sub-bit., lignite, & anthracite20.66                  
Anthracite 26.70              26.80         715.56            71.6% 2.6219              0.9998                  2.622                  Anthracite

Metallurgical coal 28.20              25.80         727.56            72.8% 2.6659              0.9998                  2.665                  Metallurgical coal
Thermal coal 22.35              26.00         581.10            58.1% 2.1293              0.9998                  2.129                  Thermal coal

thermal coal is assumed to be the average of bituminous and sub-bituminous linked to “Coal Emissions” worksheet, column “FT” (2010) Thermal: Sub-bit 14.8%
IPCC does not specify average boiler fuel default value, and figure may be revised Thermal: Bituminous 14.5%

Average of the EPA and IPCC coefficients

Calculation of Coal Coefficients by Coal Rank (IPCC default values) Non-energy uses Coal Coefficient Not including methane,
calculation 3.664191 CO2/C (100% oxidation) Average EPA & IPCC included elsewhere IPCC / EPA values
kgC/tonne Percent C Tonne CO2/tonne adjustment factor tonne CO2/tonne coal percent

370.02            37.0% 1.3558              0.9998                  1.3556                  Lignite 79.80%
499.13            49.9% 1.8289              0.9998                  1.8286                  Sub-bituminous 98.43% 0.852                  
682.79            68.3% 2.5019              0.9998                  2.5015                  Bituminous 95.10% 0.873                  
748.23            74.8% 2.7417              0.9998                  2.7412                  Anthracite 91.63%
733.69            73.4% 2.6884              0.9998                  2.6879                  Metallurgical coal 98.34%
570.43            57.0% 2.0902              0.9998                  2.0898                  Thermal coal 103.81%

International Energy Agency
www.iea.org/stats/defs/sources/coal.asp

kcal /kg kcal /kg kJ/kg kJ/kg EPA values Tg C / Q Btu
low value high value low value high value btu per lb Million Btu/sh ton tC / billion Btu

EPA 2011 App 4 Table A-249 Table A-251
Coking Coal 12,500                  Lignite 25.00                26.65                  
Lignite 4,165         17,435            6,435                    Sub-bituminous 12.87                26.50                  
Patent Fuel and Brown Coal / Peat Briquettes -                        Bituminous -                    25.44                  
Peat -                        Anthracite -                    28.28                  
Other Bituminous Coal and Anthracite 5,700              23,865            12,815                  Metallurgical coal coke 25.63                31.00                  
Sub-Bituminous Coal 4,165              5,700         17,435            23,865            12,985                  “Unspecified” exports 25.97                25.34                  
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EPA Climate Leaders: Emission Factors for Greenhouse Gas Inventories
EPA Climate Leaders data, calculations by E Source / Richard Heede

www.epa.gov/climateleaders/guidance/ghg-emissions.html
Last Modified: 21 May 2012

   Stationary Combustion Emission Factors

Fuel Type Heating Value CO2 Factor CO2 Factor CO2 Factor CO2 Factor CH4 Factor N2O Factor CO2 Factor CH4 Factor N2O Factor
mmBtu/short ton kg CO2/mmBtu kg C/million Btu kg C/ton kg C/tonne g CH4 /mmBtu g N2O /mmBtu kg CO2 /short ton g CH4 /short ton g N2O /short ton

Coal and Coke
Anthracite Coal 25.09                   103.54                 28.24                   708.43                 780.90                 11                        1.6                       2,598                   276                      40                        
Bituminous Coal 24.93                   93.40                   25.47                   634.98                 699.94                 11                        1.6                       2,328                   274                      40                        
Sub-bituminous Coal 17.25                   97.02                   26.46                   456.39                 503.08                 11                        1.6                       1,674                   190                      28                        
Lignite Coal 14.21                   96.36                   26.28                   373.40                 411.60                 11                        1.6                       1,369                   156                      23                        
Mixed (Commercial Sector) 21.39                   95.26                   25.98                   555.66                 612.51                 11                        1.6                       2,038                   235                      34                        
Mixed (Electric Power Sector) 19.73                   94.38                   25.74                   507.80                 559.75                 11                        1.6                       1,862                   217                      32                        
Mixed (Industrial Coking) 26.28                   93.65                   25.54                   671.15                 739.81                 11                        1.6                       2,461                   289                      42                        
Mixed (Industrial Sector) 22.35                   93.91                   25.61                   572.37                 630.93                 11                        1.6                       2,099                   246                      36                        
Coke 24.80                   102.04                 27.83                   690.10                 760.70                 11                        1.6                       2,531                   273                      40                        

    EIA AER 2010, Table 7.2: Coal Production; data for 2010
percent by rank million tons rank

6.7% 73.2                     lignite
46.2% 501.2                   sub-bituminous
46.9% 509.0                   bituminous
0.2% 1.9                       anthracite

100% 1,085.3                total 

EPA (2011) US Inventory, Annex 4, Table A-251: 2009 Potential Emissions 2009
Apparent consumption Percent Carbon Coefficients Potential emissions Percent

rank Q Btu % of consumption Tg C / Q Btu Tg CO2-e % of pot. emissions
Lignite 0.9                       4.1% 26.65                   85.31                   4.2%

Sub-bituminous 8.6                       40.5% 26.50                   839.40                 41.4%
Bituminous 11.8                     55.2% 25.44                   1,100.24              54.2%
Anthracite 0.0                       0.2% 28.28                   4.56                     0.2%

Coke 0.0% 31.00                   -                       0.0%
Unspecified 0.0% 25.34                   -                       0.0%

total 21.3                     100.0% 2,029.5                100.0%

IPCC (2006) Guidelines, Chapter 1: Introduction, Table 1.2
IPCC (2006) Guidelines, Vol. 2: Energy, Table 2.2: Default Emissions Factors for Stationary Combustion in the Energy Industries, page 2.15; kg CO2/TJ
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IPCC (2006) Guidelines, Chapter 1: Introduction, Table 1.3 IPCC (2006) Guidelines, Chapter 1: Introduction, Table 1.4
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AS AT AU AV AW AX AY AZ BA BB BC BD BE BF BG BH BI

Table FE5. Average Carbon Dioxide Emission Factors for Coal-Consuming Sector and State, 1980 and 1992

EPA (2011) U.S. Inventory, Annex 6: Emission Factors, table A-269.

In pounds of carbon dioxide per million Btu, U.S. average factors are 227.4 for anthracite, 216.3 for lignite, 
211.9 for subbituminous coal, and 205.3 for bituminous coal. Coking coal US Average (1992): 206.2 lb CO2 per million Btu.
 Coal used to produce coke is virtually all bituminous in rank; less than 1 percent is anthracite.

www.engineeringtoolbox.com/classification-coal-d_164.html

Typical Moisture Content in Coal
• Anthracite Coal : 2.8 - 16.3 weight %
• Bituminous Coal : 2.2 - 15.9 weight %
• Lignite Coal : 39 weight %

Typical Fixed Carbon Content in Coal
• Anthracite Coal : 80.5 - 85.7 weight %
• Bituminous Coal : 44.9-78.2 weight %
• Lignite Coal : 31.4 weight %

Typical Bulk Density of Coal
• Anthracite Coal : 50 - 58 (lb/ft3), 800 - 929 (kg/m3)
• Bituminous Coal : 42 - 57 (lb/ft3), 673 - 913 (kg/m3)
• Lignite Coal : 40 - 54 (lb/ft3), 641 - 865 (kg/m3)

Typical Ash Content in Coal
• Anthracite Coal : 9.7 - 20.2 weight %
• Bituminous Coal : 3.3-11.7 weight % B.D. Hong and E. R. Slatick (1994) Carbon Dioxide Emission Factors for Coal, originally published in Energy Information Administration,
• Lignite Coal : 4.2 weight %  Quarterly Coal Report, January-April 1994, DOE/EIA-0121(94/Q1) (Washington, DC, August 1994), pp. 1-8.)
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BJ BK BL BM BN BO BP BQ BR BS BT BU BV BW BX BY BZ

Schweinfurth, S.P., 2009, An introduction to coal quality, in Pierce, B.S., and Dennen, K.O., eds., The National Coal Resource Assessment Overview: U.S. Geological Survey Professional Paper 1625–F, Chapter C, 16 p.

US EPA (2011) Inventory of U.S. Emissions, Annex 4 IPCC Reference Approach for Estimating CO2 Emissions from Fossil Fuel Combustion	


Nov11: Jonker (2001) notes on energy used in mining, and ancillary emissions of methane and CO2.

short tons Q Btu
Hard Coal 7,984,900 151.539

Anthracite 670,571
bituminous 6,240,371
Lignite 1,073,958
Total 7,984,900

Energy Information Administration, International Energy Statistics, Coal Production, www.eia.gov/countries/data.cfm

Figure 5. Diagram showing classification of coals by rank in the United States. Rank is a measure of the progressive alteration in the series from lignite to anthracite. 
Higher rank coals are generally harder, contain less moisture and volatile matter, and have higher calorific values. Modified from Trumbull (1960). 
For a more detailed explanation of coal-rank determination, see American Society for Testing and Materials (1999). Figure 5. Diagram showing classification of coals by rank in the United States.
 Rank is a measure of the progressive alteration in the series from lignite to anthracite. 
Higher rank coals are generally harder, contain less moisture and volatile matter, and have higher calorific values. Modified from Trumbull (1960). 
For a more detailed explanation of coal-rank determination, see American Society for Testing and Materials (1999).
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CA CB CC CD CE CF CG CH CI CJ CK CL CM CN CO CP CQ

Energy Information Administration (2011) International Energy Outlook 2011, US Department of Energy, 301 pp.

Sector percentages (approximate)
Electricity 43% Figure 66 does not make sense (RH)
Industrial 25% EIA (2011) IEO, page 80.
Other 4%
Gen losses? 28% too little to be gen losses
Total 100%

“Of the coal produced worldwide in 2008, 60 percent was shipped to electricity producers and 36 percent to industrial consumers, with most of the remainder going to consumers in the residential and commercial sectors.”
EIA (2011) IEO, page 69.

Reported resource assessments by the BGR since 1976. The physical tons of coal are converted into btce 
(billion tons of coal equivalent) for reasons of comparison. For comparison, 1 btce = 833 Mtoe.

Energy Watch Group (2007) Coal: Resources and Future Production, Jul07, 47 pp, by Werner Zittel & Jorg Schindler (Ludwig Bolkow Systemtechnik), Ottobrunn, Germany, 47 pp. www.energywatchgroup.org
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H9Cell:
Rick Heede:Comment:
U.S. EPA Climate Leaders (2011) Emissions Factors for Greenhouse Gas Inventories, www.epa.gov/climateleaders/guidance/ghg-emissions.html This data source allows calculation of kg Carbon per tonne of coal produced by rank and by 
extension tCO2 per tonne of coal.
We compare these values to the coefficients in U.S EPA (2011) Inventory of U.S. Greenhouse Gas Emissions and Sinks, 1990-2009, Annnex 2: Methodology and Data for Estimating CO2 Emissions from Fossil Fuel Combustion, Annex 2, 
Table A-37: Carbon Coefficients for Coal by Consuming Sector and Coal Rank (Tg/QBtu, 1990-2009) in cell E10.

I10Cell:
Rick Heede:Comment:
Accounting for oxygen isotopes, personal communication, Kevin Baumert, World Resources Institute.

L10Cell:
Rick Heede:Comment:
CMS adds methane emissions from coal operations in the entity summary worksheet; see also the “Coal Emissions Factor Calc” worksheet for details.

D11Cell:
Rick Heede:Comment:
US EPA (2011) Inventory of U.S. Emissions, Annex 4 IPCC Reference Approach for Estimating CO2 Emissions from Fossil Fuel Combustion, Table A-249: Conversion Factors to Energy Units (Heat Equivalents), lists coal types by rank in 
million Btu per short ton. “Average utility coal is derived from coal consumed by electric utilities;” see note below.

E11Cell:
Rick Heede:Comment:
U.S. EPA Climate Leaders (2011) Emissions Factors for Greenhouse Gas Inventories, www.epa.gov/climateleaders/guidance/ghg-emissions.html
We compare this data to the coefficients in U.S EPA (2011) Inventory of U.S. Greenhouse Gas Emissions and Sinks, 1990-2009, Annnex 2: Methodology and Data for Estimating CO2 Emissions from Fossil Fuel Combustion, Annex 2, Table 
A-37: Carbon Coefficients for Coal by Consuming Sector and Coal Rank (Tg/QBtu, 1990-2009). Also compared to IPCC default emission factors in IPCC (2006) Guidelines; talbes reproduced at right.

        EPA Climate Leaders 2011    conversion     EPA 2011 U.S. Inv.     IPCC default values
                        kgC/MMBtu             kgC/GJ             kgC/GJ                      kgC/GJ 
Lignite                   26.28                 24.91               26.65                        27.60                      
Sub-bit.                 26.46                 25.10               26.50                        26.20        
Bitumin.                25.47                 24.16               25.44                         25.80    
Antracite              28.24                 26.79               28.28                        26.80   
Ind. coking             25.54                24.23                25.61                        25.80  
Electric Power       25.74                24.42                26.05                        26.00    (average of bit & sub-bit)

F11Cell:
Rick Heede:Comment:
Calculated by multiplying million Btu/ton by kgC/million Btu = kgC/ton.

G11Cell:
Rick Heede:Comment:
Calculated by multiplying kgC/ton by 1.1023 tons per tonne.

J11Cell:
Rick Heede:Comment:
CMS applies a factorfor non-fuel uses of coal (averaged over 1980-2010 from US data, EIA, see “Non-fuel uses” worksheet). U. S. Energy Information Administration (2011) Annual Energy Review 2010 Table 1.15 Fossil Fuel Consumption 
for Nonfuel Use Estimates, 1980-2010, www.eia.gov/totalenergy/data/annuał
CMS analysis includes a ten percent sequstration factor for the coal used for non-energy purposes.
The CMS result is 0.016 percent of total emissions from coal being sequestered, thus 1-0.00016 (0.99984) of the carbon in the coal is combusted to Carbon Dioxide) is slightly higher than the factor applied by CDIAC (0.982); CDIAC 
includes a 99 percent oxidation factor, which IPCC protocol eliminated in the 20006 Guidance.

O12Cell:
Rick Heede:Comment:
U.S. EIA (2011) Annual Energy Review, Table 7.2: Coal Production by rank of coal, data for 1950 to 2010. The gradual decrease reflects the increased proportion of western coals, which are chiefly sub-bituminous.

H23Cell:
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Rick Heede:Comment:
Data sources: 
IPCC (2006) IPCC Guidelines for National GHG Inventories, Volume 2: Energy, Introduction, Table 1-3: Default Values of Carbon Content (in kgC/GJ), page 21.

Also see cell notes below.

F25Cell:
Rick Heede:Comment:
2. IPCC values: 2006 IPCC Guidelines for National GHG Inventories, Volume 2: Energy, Introduction, Table 1.3: Default Values of Carbon Content (in kgC/GJ), page 21.
Note: IPCC does not list “average utility coal”, which the Carbon Majors project uses as a default value for coal producers that show coal production as either “thermal coal” or does not specify coal rank. CMS estimates this value by 
averaging bituminous and sub-bituminous coal.

O27Cell:
Rick Heede:Comment:
This calculation is based on US EIA data for 1950-2010: heat content of coal consumed by electric utilities, AER (2011), Table A-5. It is done to check on the reasonableness of assuming an average coal heat content of 21.2 million Btu 
per short ton of utility coal and/or unknown coal rank mined by coal operators from 1900 to 2010. While utility coal varies by time and geography, most coal post-World War II has been combusted in utility boilers.

O29Cell:
Rick Heede:Comment:
Adjusted by weighting for relative production quantities, 2010. U.S. EIA (2011) Annual Energy Review, Table 7.2: Coal Production, data for 2010.

E32Cell:
Rick Heede:Comment:
IPCC does not show average thermal coal used for electricity generation. We average the heating values of bituminous and sub-bituminous. This may be revised.

E33Cell:
Rick Heede:Comment:
CMS has not found IPCC (nor US EIA) data on world coal consumption by rank. (EIA data shows production for hard coal, bituminous, lignite, and metallurgical coal, and anthracite -- though not for sub-bituminous coal.)
Search for UN and IEA statistics on coal consumption (or production, if consumption data not available) for thermal uses and/or electricity boilers.
BP Annual Statistical Review does not show production or consumption by rank. BP rpt does show “Proved reserves at end 2011” of anthracite and bituminous (404,762 million tonnes, 47.01 percent of total) and sub-bituminous and 
lignite (456,176 million tonnes, 52.99 percent of total). Clearly this proportion does not equal the proportion of coal produced and/or consumed for thermal uses.

BT37Cell:
Rick Heede:Comment:
Jonker, Chris (2001) “Greenhouse Gas, Australian Coal Supply and Rising Import Demand A Contradiction or an Opportunity?” 24-25Sep01, Director, Barlow Jonker Pty Ltd At: EU-Australia Conference, Aachen, Germany, 13 pp. page 12: 
“One (1) tonne of export quality thermal coal contains 27 GJ of energy, while 1 cubic metre of methane contains 37 MJ of energy. On average one tonne of coal in-situ contains 10 cubic metre of methane, which represents 370 MJ of 
energy, equivalent to 0.014 tonnes of export quality thermal coal. Since methane is estimated to be 20 times as greenhouse intensive as CO2, per tonne of coal produced, the venting to air of methane has a greenhouse contribution of 
the same order as that of burning 0.28 tonne of coal in a power station. On the other hand the production of electricity from methane produces considerably less CO2 than the production of electricity from coal.” Also: Energy Intensity In 
Coal Mining The utilization of energy in coal mining, i.e. the energy intensity, averaged 0.21GJ/tonne equivalent to 0.009GJ/GJ and ranged as follows: (seee table), and: Greenhouse Gas Emission Intensity In Coal Mining Expressed as CO2 
equivalent the industry averaged 0.079 tonnes CO2 per tonne saleable coal. The ranges were as follows (see table).

H38Cell:
Rick Heede:Comment:
This table averages the values in Table 1 and 2 above; see cell notes above.

L39Cell:
Rick Heede:Comment:
CMS adds methane emissions from coal operations in the entity summary worksheet; see also the “Coal Emissions Factor Calc” worksheet for details.
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