
Thermal Conversion Factor
Source Documentation

Approximate Heat Content of Petro-
leum and Natural Gas Plant Liquids

Asphalt. The U.S. Energy Information Administration
(EIA) adopted the thermal conversion factor of 6.636
million British thermal units (Btu) per barrel as estimated
by the Bureau of Mines and first published in the Petro-
leum Statement, Annual, 1956.

Aviation Gasoline. EIA adopted the thermal conversion
factor of 5.048 million Btu per barrel as adopted by the
Bureau of Mines from the Texas Eastern Transmission
Corporation publication Competition and Growth in Ameri-
can Energy Markets 1947–1985, a 1968 release of histori-
cal and projected statistics.

Butane. EIA adopted the Bureau of Mines thermal conver-
sion factor of 4.326 million Btu per barrel as published in
the California Oil World and Petroleum Industry, First
Issue, April 1942.

Butane-Propane Mixture. EIA adopted the Bureau of
Mines calculation of 4.130 million Btu per barrel based on
an assumed mixture of 60 percent butane and 40 percent
propane. See Butane and Propane.

Crude Oil Exports. Assumed by EIA to be 5.800 million
Btu per barrel or equal to the thermal conversion factor for
crude oil produced in the United States. See Crude Oil
Production.

Crude Oil Imports. Calculated annually by EIA as the
average of the thermal conversion factors for each type of
crude oil imported weighted by the quantities imported.
Thermal conversion factors for each type were calculated
on a foreign country basis, by determining the average
American Petroleum Institute (API) gravity of crude oil
imported from each foreign country from Form ERA-60 in
1977 and converting average API gravity to average Btu
content by using National Bureau of Standards, Miscellane-
ous Publication No. 97, Thermal Properties of Petroleum
Products, 1933.

Crude Oil Production. EIA adopted the thermal conver-
sion factor of 5.800 million Btu per barrel as reported in a
Bureau of Mines internal memorandum, “Bureau of Mines
Standard Average Heating Values of Various Fuels,
Adopted January 3, 1950.”

Distillate Fuel Oil. EIA adopted the Bureau of Mines
thermal conversion factor of 5.825 million Btu per barrel as
reported in a Bureau of Mines internal memorandum,
“Bureau of Mines Standard Average Heating Values of
Various Fuels, Adopted January 3, 1950.”

Ethane. EIA adopted the Bureau of Mines thermal conver-
sion factor of 3.082 million Btu per barrel as published in
the California Oil World and Petroleum Industry, First
Issue, April 1942.

Ethane-Propane Mixture. EIA calculation of 3.308
million Btu per barrel based on an assumed mixture of 70
percent ethane and 30 percent propane. See Ethane and
Propane.

Isobutane. EIA adopted the Bureau of Mines thermal
conversion factor of 3.974 million Btu per barrel as
published in the California Oil World and Petroleum
Industry, First Issue, April 1942.

Jet Fuel, Kerosene-Type. EIA adopted the Bureau of
Mines thermal conversion factor of 5.670 million Btu per
barrel for “Jet Fuel, Commercial” as published by the Texas
Eastern Transmission Corporation in the report Competi-
tion and Growth in American Energy Markets 1947–1985,
a 1968 release of historical and projected statistics.

Jet Fuel, Naphtha-Type.  EIA adopted the Bureau of
Mines thermal conversion factor of 5.355 million Btu per
barrel for “Jet Fuel, Military” as published by the Texas
Eastern Transmission Corporation in the report Competi-
tion and Growth in American Energy Markets 1947–1985,
a 1968 release of historical and projected statistics.

Kerosene. EIA adopted the Bureau of Mines thermal
conversion factor of 5.670 million Btu per barrel as
reported in a Bureau of Mines internal memorandum,
“Bureau of Mines Standard Average Heating Values of
Various Fuels, Adopted January 3, 1950.”

Liquefied Petroleum Gases Consumption.  Calculated
annually by EIA as the average of the thermal conversion
factors for all liquefied petroleum gases consumed (see
Table A1) weighted by the quantities consumed. The
component products of liquefied petroleum gases are
ethane (including ethylene), propane (including propylene),
normal butane (including butylene), butane-propane
mixtures, ethane-propane mixtures, and isobutane. For
1973–1980, quantities consumed are from EIA, Energy
Data Reports, “Petroleum Statement, Annual,” Table 1.
For 1981 forward, quantities consumed are from EIA,
Petroleum Supply Annual, Table 2.

Lubricants. EIA adopted the thermal conversion factor of
6.065 million Btu per barrel as estimated by the Bureau of
Mines and first published in the Petroleum Statement,
Annual, 1956.

Miscellaneous Products. EIA adopted the thermal conver-
sion factor of 5.796 million Btu per barrel as estimated by
the Bureau of Mines and first published in the Petroleum
Statement, Annual, 1956.

Motor Gasoline Consumption.   1973–1993:  EIA
adopted the Bureau of Mines thermal conversion factor of
5.253 million Btu per barrel for “Gasoline, Motor Fuel” as
published by the Texas Eastern Transmission Corporation
in Appendix V of Competition and Growth in American
Energy Markets 1947–1985, a 1968 release of historical
and projected statistics.  1994 forward:  EIA calculated
national annual quantity-weighted average conversion
factors for conventional, reformulated, and oxygenated
motor gasolines (see Table A3). The factor for conventional
motor gasoline is 5.253 million Btu per barrel, as used for
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previous years. The factors for reformulated and oxygen-
ated gasolines, both currently 5.150 million Btu per barrel,
are based on data published in Environmental Protection
Agency, Office of Mobile Sources, National Vehicle and
Fuel Emissions Laboratory report EPA 420-F-95-003,
“Fuel Economy Impact Analysis of Reformulated
Gasoline.” See Fuel Ethanol (Denatured).

Natural Gas Plant Liquids Production. Calculated
annually by EIA as the average of the thermal conversion
factors for each natural gas plant liquid produced weighted
by the quantities produced.

Natural Gasoline. EIA adopted the thermal conversion
factor of 4.620 million Btu per barrel as estimated by the
Bureau of Mines and first published in the Petroleum State-
ment, Annual, 1956.

Pentanes Plus. EIA assumed the thermal conversion factor
to be 4.620 million Btu or equal to that for natural gasoline.
See Natural Gasoline.

Petrochemical Feedstocks, Naphtha less than 401° F.
Assumed by EIA to be 5.248 million Btu per barrel, equal
to the thermal conversion factor for special naphthas. See
Special Naphthas.

Petrochemical Feedstocks, Other Oils equal to or
greater than 401° F. Assumed by EIA to be 5.825 million
Btu per barrel, equal to the thermal conversion factor for
distillate fuel oil. See Distillate Fuel Oil.

Petrochemical Feedstocks, Still Gas. Assumed by EIA to
be 6.000 million Btu per barrel, equal to the thermal
conversion factor for still gas. See Still Gas.

Petroleum Coke. EIA adopted the thermal conversion
factor of 6.024 million Btu per barrel as reported in Btu per
short ton in the Bureau of Mines internal memorandum,
“Bureau of Mines Standard Average Heating Values of
Various Fuels, Adopted January 3, 1950.” The Bureau of
Mines calculated this factor by dividing 30.120 million Btu
per short ton, as given in the referenced Bureau of Mines
internal memorandum, by 5.0 barrels per short ton, as given in
the Bureau of Mines Form 6-1300-M and successor EIA
forms.

Petroleum Consumption, Commercial Sector. Calculated
annually by EIA as the average of the thermal conversion
factors for all petroleum products consumed by the
commercial sector weighted by the estimated quantities
consumed by the commercial sector. The quantities of
petroleum products consumed by the commercial sector
are estimated in the State Energy Data System—see
documentation at
http://www.eia.gov/states/sep_use/notes/use_petrol.pdf.

Petroleum Consumption, Electric Power Sector. Calcu-
lated annually by EIA as the average of the thermal

conversion factors for all petroleum products consumed by
the electric power sector weighted by the quantities
consumed by the electric power sector.  Data are from Form
EIA-923, “Power Plant Operations Report,” and predeces-
sor forms.

Petroleum Consumption, Industrial Sector. Calculated
annually by EIA as the average of the thermal conversion
factors for all petroleum products consumed by the indus-
trial sector weighted by the estimated quantities consumed
by the industrial sector. The quantities of petroleum
products consumed by the industrial sector are estimated in
the State Energy Data System—see documentation at
http://www.eia.gov/states/sep_use/notes/use_petrol.pdf.

Petroleum Consumption, Residential Sector. Calculated
annually by EIA as the average of the thermal conversion
factors for all petroleum products consumed by the residen-
tial sector weighted by the estimated quantities consumed
by the residential sector. The quantities of petroleum
products consumed by the residential sector are estimated in
the State Energy Data System—see documentation at
http://www.eia.gov/states/sep_use/notes/use_petrol.pdf.

Petroleum Consumption, Total. Calculated annually by
EIA as the average of the thermal conversion factors for all
petroleum products consumed weighted by the quantities
consumed.

Petroleum Consumption, Transportation Sector. Calcu-
lated annually by EIA as the average of the thermal conver-
sion factors for all petroleum products consumed by the
transportation sector weighted by the estimated quantities
consumed by the transportation sector. The quantities of
petroleum products consumed by the transportation sector
are estimated in the State Energy Data System—see
documentation at
http://www.eia.gov/states/sep_use/notes/use_petrol.pdf.

Petroleum Products Exports. Calculated annually by EIA
as the average of the thermal conversion factors for each
petroleum product exported weighted by the quantities
exported.

Petroleum Products Imports. Calculated annually by EIA
as the average of the thermal conversion factors for each
petroleum product imported weighted by the quantities
imported.

Plant Condensate. Estimated to be 5.418 million Btu per
barrel by EIA from data provided by McClanahan Consult-
ants, Inc., Houston, Texas.

Propane. EIA adopted the Bureau of Mines thermal
conversion factor of 3.836 million Btu per barrel as
published in the California Oil World and Petroleum Indus-
try, First Issue, April 1942.

Residual Fuel Oil. EIA adopted the thermal conversion
factor of 6.287 million Btu per barrel as reported in the
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Bureau of Mines internal memorandum, “Bureau of Mines
Standard Average Heating Values of Various Fuels,
Adopted January 3, 1950.”

Road Oil. EIA adopted the Bureau of Mines thermal
conversion factor of 6.636 million Btu per barrel, which
was assumed to be equal to that of asphalt (see Asphalt)
and was first published by the Bureau of Mines in the
Petroleum Statement, Annual, 1970.

Special Naphthas. EIA adopted the Bureau of Mines
thermal conversion factor of 5.248 million Btu per barrel,
which was assumed to be equal to that of the total gasoline
(aviation and motor) factor and was first published in the
Petroleum Statement, Annual, 1970.

Still Gas. EIA adopted the Bureau of Mines estimated
thermal conversion factor of 6.000 million Btu per barrel,
first published in the Petroleum Statement, Annual, 1970.

Total Petroleum Exports. Calculated annually by EIA as
the average of the thermal conversion factors for crude oil
and each petroleum product exported weighted by the
quantities exported. See Crude Oil Exports and Petro-
leum Products Exports.

Total Petroleum Imports. Calculated annually by EIA as
the average of the thermal conversion factors for each type
of crude oil and petroleum product imported weighted by
the quantities imported. See Crude Oil Imports and Petro-
leum Products Imports.

Unfinished Oils. EIA assumed the thermal conversion
factor to be 5.825 million Btu per barrel or equal to that for
distillate fuel oil (see Distillate Fuel Oil) and first
published it in EIA’s Annual Report to Congress, Volume
3, 1977.

Unfractionated Stream. EIA assumed the thermal conver-
sion factor to be 5.418 million Btu per barrel or equal to
that for plant condensate (see Plant Condensate) and first
published it in EIA’s Annual Report to Congress, Volume
2, 1981.

Waxes. EIA adopted the thermal conversion factor of
5.537 million Btu per barrel as estimated by the Bureau
of Mines and first published in the Petroleum Statement,
Annual, 1956.

Approximate Heat Content of Biofuels 

Biodiesel.  EIA estimated the thermal conversion factor for
biodiesel to be 5.359 million Btu per barrel, or 17,253 Btu
per pound. 

Biodiesel Feedstock.  EIA used soybean oil input to the
production of biodiesel (million Btu soybean oil per barrel
biodiesel) as the factor to estimate total biomass inputs to
the production of biodiesel.  EIA assumed that 7.65 pounds

of soybean oil are needed to produce one gallon of biodie-
sel, and 5.433 million Btu of soybean oil are needed to
produce one barrel of biodiesel.  EIA also assumed that
soybean oil has a gross heat content of 16,909 Btu per
pound, or 5.483 million Btu per barrel.

Ethanol (Undenatured).  EIA adopted the thermal
conversion factor of 3.539 million Btu per barrel
published in “Oxygenate Flexibility for Future Fuels,” a
paper presented by William J. Piel of the ARCO Chemi-
cal Company at the National Conference on Reformulated
Gasolines and Clean Air Act Implementation, Washington,
D.C., October 1991.

Fuel Ethanol (Denatured).  1981–2008:  EIA used the
2009 factor.  2009 forward:  Calculated by EIA as the
annual quantity-weighted average of the thermal conver-
sion factors for undenatured ethanol (3.539 million Btu
per barrel), pentanes plus used as denaturant (4.620
million Btu per barrel), and conventional motor gasoline
and motor gasoline blending components used as denatur-
ant (5.253 million Btu per barrel).  The quantity of
ethanol consumed is from EIA’s Petroleum Supply
Annual (PSA) and Petroleum Supply Monthly (PSM),
Table 1, data for renewable fuels and oxygenate plant net
production of fuel ethanol.  The quantity of pentanes plus
used as denaturant is from PSA/PSM, Table 1, data for
renewable fuels and oxygenate plant net production of
pentanes plus, multiplied by -1.  The quantity of conven-
tional motor gasoline and motor gasoline blending compo-
nents used as denaturant is from PSA/PSM, Table 1, data
for renewable fuels and oxygenate plant net production of
conventional motor gasoline and motor gasoline blending
components, multiplied by -1.    

Fuel Ethanol Feedstock.  EIA used corn input to the
production of undenatured ethanol (million Btu corn per
barrel undenatured ethanol) as the annual factor to
estimate total biomass inputs to the production of undena-
tured ethanol.  U.S. Department of Agriculture observed
ethanol yields (gallons undenatured ethanol per bushel of
corn) were 2.5 in 1980, 2.666 in 1998, 2.68 in 2002, and
2.764 in 2009; EIA estimated the ethanol yields in other
years.  EIA also assumed that corn has a gross heat
content of 0.392 million Btu per bushel.

Approximate Heat Content of Natural
Gas

Natural Gas Consumption, Electric Power Sector.
Calculated annually by EIA by dividing the heat content of
natural gas consumed by the electric power sector by the
quantity consumed.   Data are  from Form EIA-923,
“Power Plant Operations Report,” and predecessor forms.

Natural Gas Consumption, End-Use Sectors. Calculated
annually by EIA by dividing the heat content of natural gas
consumed by the end-use sectors (residential, commercial,
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industrial, and transportation) by the quantity consumed.
Data are from Form EIA-176, “Annual Report of Natural
and Supplemental Gas Supply and Disposition.”

Natural Gas Consumption, Total.  1973–1979:  EIA
adopted the thermal conversion factor calculated annually by
the American Gas Association (AGA) and published in Gas
Facts, an AGA annual publication.  1980 forward: Calculated
annually by EIA by dividing the total heat content of natural
gas consumed by the total quantity consumed.

Natural Gas Exports.  Calculated annually by EIA by
dividing the heat content of natural gas exported by the
quantity exported. For 1973–1995, data are from Form
FPC-14, “Annual Report for Importers and Exporters of
Natural Gas.” Beginning in 1996, data are from U.S.
Department of Energy, Office of Fossil Energy, Natural
Gas Imports and Exports.

Natural Gas Imports.  Calculated annually by EIA by
dividing the heat content of natural gas imported by the
quantity imported. For 1973–1995, data are from Form
FPC-14, “Annual Report for Importers and Exporters of
Natural Gas.” Beginning in 1996, data are from U.S.
Department of Energy, Office of Fossil Energy, Natural
Gas Imports and Exports.

Natural Gas Production, Dry. Assumed by EIA to be
equal to the thermal conversion factor for dry natural gas
consumed. See Natural Gas Consumption, Total.

Natural Gas Production, Marketed. Calculated annually
by EIA by dividing the heat content of dry natural gas
produced (see Natural Gas Production, Dry) and natural
gas plant liquids produced (see Natural Gas Plant
Liquids Production) by the total quantity of marketed
natural gas produced.

Approximate Heat Content of Coal and
Coal Coke

Coal Coke Imports and Exports. EIA adopted the Bureau
of Mines estimate of 24.800 million Btu per short ton.

Coal Consumption, Electric Power Sector. Calculated
annually by EIA by dividing the heat content of coal
consumed by the electric power sector by the quantity
consumed.  Data  are  from Form EIA-923, “Power Plant
Operations Report,” and predecessor forms.

Coal Consumption, Industrial Sector, Coke Plants.
Calculated annually by EIA by dividing the heat content of
coal consumed by coke plants by the quantity consumed.
Data are from Form EIA-5, “Quarterly Coal Consumption
and Quality Report—Coke Plants.”

Coal Consumption, Industrial Sector, Other. Calculated
annually by EIA by dividing the heat content of coal

consumed by manufacturing plants by the quantity
consumed. Data are from Form EIA-3, “Quarterly Coal
Consumption and Quality Report—Manufacturing Plants.”

Coal Consumption, Residential and Commercial
Sectors. Calculated annually by EIA by dividing the heat
content of coal consumed by the residential and commercial
sectors by the quantity consumed. Through 1999, data are
from Form EIA-6, “Coal Distribution Report.” Beginning in
2000, data are for commercial combined-heat-and-power
(CHP) plants from Form EIA-923, “Power Plant Opera-
tions Report,” and predecessor forms.

Coal Consumption, Total. Calculated annually by EIA by
dividing the total heat content of coal consumed by all
sectors by the total quantity consumed.

Coal Exports. Calculated annually by EIA by dividing the
heat content of steam coal and metallurgical coal exported
by the quantity exported. Data are from U.S. Department
of Commerce, Bureau of the Census, “Monthly Report
EM 545.”

Coal Imports.  Assumed by EIA to be 25.000 million Btu
per short ton. 

Coal Production.  Calculated annually by EIA to balance
the heat content of coal supply (production and imports)
and the heat content of coal disposition (exports, stock
change, and consumption).

Waste Coal Supplied.  Calculated annually by EIA by
dividing the total heat content of waste coal supplied by the
quantity supplied.  For 1989–1997, data are from Form
EIA-867, “Annual Nonutility Power Producer Report.”  For
1998–2000, data are from Form EIA-860B, “Annual Electric
Generator Report—Nonutility.”  For 2001 forward, data are
from Form EIA-3, “Quarterly Coal Consumption and Quality
Report—Manufacturing Plants”; Form EIA-923, “Power
Plant Operations Report”; and predecessor forms.  

Approximate Heat Rates for Electricity

Electricity Net Generation, Coal.  2001 forward:  Calcu-
lated annually by EIA by using fuel consumption and net
generation data reported on Form EIA-923, “Power Plant
Operations Report,” and predecessor forms.  The computa-
tion includes data for electric utilities and electricity-only
independent power producers using anthracite, bituminous
coal, subbituminous coal, lignite, and beginning in 2002,
waste coal and coal synfuel.

Electricity Net Generation, Natural Gas.  2001 forward:  
Calculated annually by EIA by using fuel consumption and
net generation data reported on Form EIA-923, “Power
Plant Operations Report,” and predecessor forms.  The
computation includes data for electric utilities and
electricity-only independent power producers using natural
gas and supplemental gaseous fuels.
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Electricity Net Generation, Noncombustible Renewable
Energy.  There is no generally accepted practice for
measuring the thermal conversion rates for power plants
that generate electricity from hydro, geothermal, solar
thermal, photovoltaic, and wind energy sources.  Therefore,
EIA calculates a rate factor that is equal to the annual
average heat rate factor for fossil-fueled power plants in the
United States (see “Electricity Net Generation, Total Fossil
Fuels”).  By using that factor it is possible to evaluate fossil
fuel requirements for replacing those sources during
periods of interruption, such as droughts.

   
Electricity Net Generation, Nuclear.  1973–1984: Calcu-
lated annually by dividing the total heat content consumed
in nuclear generating units by the total (net) electricity gener-
ated by nuclear generating units. The heat content and
electricity generation were reported on Form FERC-1,
“Annual Report of Major Electric Utilities, Licensees, and
Others”; Form EIA-412, “Annual Report of Public Electric
Utilities”; and predecessor forms. For 1982, the factors were
published in EIA, Historical Plant Cost and Annual Produc-
tion Expenses for Selected Electric Plants 1982, page 215.
For 1983 and 1984, the factors were published in EIA,
Electric Plant Cost and Power Production Expenses 1991,
Table 13.  1985 forward: Calculated annually by EIA by
using the heat rate data reported on Form EIA-860,
“Annual Electric Generator Report” (and predecessor
forms).

Electricity Net Generation, Petroleum.  2001 forward:  
Calculated annually by EIA by using fuel consumption and
net generation data reported on Form EIA-923, “Power
Plant Operations Report,” and predecessor forms.  The
computation includes data for electric utilities and
electricity-only independent power producers using distil-
late fuel oil, residual fuel oil, jet fuel, kerosene, petroleum
coke, and waste oil.

Electricity Net Generation, Total Fossil Fuels.
1973–1988:  The weighted annual average heat rate for
fossil-fueled steam-electric power plants in the United
States, as published in EIA, Electric Plant Cost and
Power Production Expenses 1991, Table 9.  1989–2000:
Calculated annually by EIA by using the heat rate data
reported on Form EIA-860, “Annual Electric Generator
Report” (and predecessor forms); and net generation data
reported on Form EIA-759, “Monthly Power Plant
Report.”  The computation includes data for all electric
utility steam-electric plants using fossil fuels.  2001
forward:  Calculated annually by EIA by using fuel
consumption and net generation data reported on Form
EIA-923, “Power Plant Operations Report,” and prede-
cessor forms. The computation includes data for electric
utilities and electricity-only independent power producers
using coal, petroleum, natural gas, and other gases (blast
furnace gas, propane gas, and other manufactured and
waste gases derived from fossil fuels).
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