ANNEX A

Methodology for Estimating Emissions of CO; from Fossil Fuel Combustion

Carbon dioxide (CO,) emissions from fossil fuel combustion were estimated using a “bottom-up”
methodology characterized by six steps. These steps are described below.

Step 1: Determine Energy Consumption by Fuel Type and Sector

The bottom-up methodology used by the United States for estimating CO, emissions from fossil fuel
combustion is conceptually similar to the approach recommended by the Intergovernmental Panel on Climate
Change (IPCC) for countries that intend to develop detailed, sectora-based emission estimates
(IPCC/UNEP/OECD/IEA 1997). Basic consumption data are presented in Columns 2-8 of Table A-1 through Table
A- 11, with totals by fuel type in Column 8 and totals by end-use sector in the last rows. Fuel consumption data for
the bottom-up approach were obtained directly from the Energy Information Administration (EIA) of the U.S.
Department of Energy. These data were first gathered in physical units, and then converted to their energy
equivalents (see “ Converting Physical Unitsto Energy Units’ in Annex W). The EIA data were collected through a
variety of consumption surveys at the point of delivery or use and qualified with survey data on fuel production,
imports, exports, and stock changes. Individual data elements were supplied by a variety of sources within EIA.
Most information was taken from published reports, although some data were drawn from unpublished energy
studies and databases maintained by EIA.

Energy consumption data were aggregated by sector (i.e, residential, commercial, industrial,
transportation, electricity generation, and U.S. territories), primary fuel type (e.g., coa, natural gas, and petroleum),
and secondary fuel type (e.g., motor gasoline, distillate fuel, etc.). The 2000 total energy consumption across all
sectors, including territories, and energy types was 83,610 trillion British thermal units (TBtu), as indicated in the
last entry of Column 8 in Table A-1. This total includes fuel used for non-energy purposes and fuel consumed as
international bunkers, both of which are deducted in later steps.

Fuel consumption data for electricity generation data by nonutility power producers are initially categorized
by the EIA as part of the industrial sector. These data are then combined with fuel consumption by electric utilities
to form the electricity generation sector. The method for this reallocation is described in detail in EIA’s report on
U.S. GHG emissions, Emissions of Greenhouse Gases in the United States, 2000 (EIA 2001c).

There were a number of modifications made in this report that may cause consumption information herein
to differ from figures given in the cited literature. These are 1) the reallocation of some coking coal, petroleum
coke, and natural gas consumption for ammonia production to the Industrial Processes chapter, 2) corrections for
synthetic natural gas production, 3) corrections for ethanol added to motor gasoline, and 4) corrections for biogasin
natural gas.

First, portions of the fuel consumption data for three fuel categories—coking coal, petroleum coke, and
natural gas—were reallocated to the Industrial Processes chapter, as these portions were actually consumed as raw
material during non-energy related industrial processes. Coking coal, also called “coa coke,” is used as a raw
material (specifically as a reducing agent) in the blast furnace process to produce iron and steel, and therefore is not
used as afuel for this process. Similarly, petroleum coke is used in multiple processes as araw materia, and is thus
not used as a fuel in those applications. The processes in which petroleum coke is used include 1) ferroalloy
production, 2) aluminum production (for the production of carbon anodes and cathodes), and 3) titanium dioxide
production (in the chloride process). Finally, natural gas consumption is used for the production of ammonia.
Consumption of these fuels for non-energy purposes is presented in the Industrial Processes chapter, and is removed
from the energy and non-energy consumption estimates within the Energy chapter.

Second, a portion of industrial coal accounted for in EIA combustion figures is actually used to make
“synthetic natural gas’ via coal gasification. The energy in this gas enters the natural gas stream, and is accounted
for in natural gas consumption statistics. Because this energy is already accounted for as natural gas, it is deducted
from industrial coal consumption to avoid double counting. This makes the figure for other industrial coal
consumption in this report slightly lower than most EIA sources.
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Third, ethanol has been added to the motor gasoline stream for several years, but prior to 1993 this addition
was not captured in EIA motor gasoline statistics. Starting in 1993, ethanol was included in gasoline statistics.
However, because ethanol is a biofuel, which is assumed to result in no net CO, emissions, the amount of ethanol
added is subtracted from total gasoline consumption. Thus, motor gasoline consumption statistics given in this
report may be dightly lower than in EIA sources.

Fourth, EIA natural gas consumption statistics include “biomass gas,” which is upgraded landfill methane
that is sold to pipelines. However, because this gas is biogenic, the biomass gas total is deducted from natural gas
consumption. The subtraction is done only from natural gas in the industrial sector, as opposed to al end-sectors,
because the biogas amount is small. Due to this adjustment—and the ammonia adjustment mentioned previously—
industrial natural gas consumption in this report is slightly lower than in EIA sources.

There are also three basic differences between the consumption figures presented in Table A-1 through
Table A-11 and those recommended in the IPCC emission inventory methodology.

First, consumption data in the U.S. inventory are presented using higher heating values (HHV)? rather than
the lower heating values (LHV)? reflected in the IPCC emission inventory methodology. This convention is
followed because data obtained from EIA are based on HHV. Of note, however, is that EIA renewable energy
statistics are often published using LHV. The difference between the two conventions relates to the treatment of the
heat energy that is consumed in the process of evaporating the water contained in the fuel. The simplified
convention used by the International Energy Agency for converting from HHV to LHV is to multiply the energy
content by 0.95 for petroleum and coal and by 0.9 for natural gas.

Second, while EIA's energy use data for the United States includes only the 50 U.S. states and the District
of Columbia, the data reported to the Framework Convention on Climate Change are to include energy consumption
within territories. Therefore, consumption estimates for U.S. territories were added to domestic consumption of
fossil fuels. Energy consumption data from U.S. territories are presented in Column 7 of Table A-1 through Table
A-11. Itisreported separately from domestic sectoral consumption, because it is collected separately by EIA with
no sectoral disaggregation.

Third, the domestic sectoral consumption datain Table A-1 through Table A- 11 include bunker fuels used
for international transport activities and non-energy uses of fossil fuels. The IPCC requires countries to estimate
emissions from international bunker fuels separately and exclude these emissions from national totals, so
international bunker fuel emissions have been estimated in Table A-12 and deducted from national estimates (see
Step 4). Similarly, fossil fuels used to produce non-energy products that store carbon rather than release it to the
atmosphere are provided in Table A- 13 and deducted from national emission estimates (see Step 3). The final fate
of these fossil fuel based products is dealt with under the waste combustion source category in cases where the
products are combusted through waste management practices.

Step 2: Determine the Carbon Content of All Fuels

The carbon content of combusted fossil fuels was estimated by multiplying energy consumption (Columns
2 through 8 of Table A-1 through Table A- 11) by fuel-specific carbon content coefficients (see Table A-14 and
Table A-15) that reflect the amount of carbon per unit of energy in each fuel. The resulting carbon contents are
sometimes referred to as potential emissions, or the maximum amount of carbon that could potentially be released to
the atmosphere if al carbon in the fuels were oxidized. The carbon content coefficients used in the U.S. inventory
were derived by EIA from detailed fuel information and are similar to the carbon content coefficients contained in
the IPCC's default methodology (IPCC/UNEP/OECD/IEA 1997), with modifications reflecting fuel qualities
specific to the United States.

Step 3: Adjust for the amount of Carbon Stored in Products

Depending on the end-use, non-energy uses of fossil fuels can result in long term storage of some or al of
the carbon contained in the fuel. For example, asphalt made from petroleum can sequester up to 100 percent of the

1 Also referred to as Gross Calorific Values (GCV).
2 Also referred to as Net Calorific Values (NCV).
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carbon contained in the petroleum feedstock for extended periods of time. Other non-energy fossil fuel products,
such as lubricants or plastics also store carbon, but can lose or emit some of this carbon when they are used and/or
burned as waste.3

The amount of carbon in non-energy fossil fuel products was based upon data that addressed the fraction of
carbon that remains in products after they are manufactured, with all non-energy use attributed to the industrial,
transportation, and territories end-use sectors. This non-energy consumption is presented in Table A- 13. This data
were then multiplied by fuel-specific carbon content coefficients (Table A-14 and Table A-15) to obtain the carbon
content of the fuel, or the maximum amount of carbon that could remain in non-energy products (Column 4 of Table
A- 13). This carbon content was then multiplied by the fraction of carbon assumed to actually have remained in
products (Column 5 of Table A- 13), resulting in the final estimates by sector and fuel type, which are presented in
Column 6 of Table A- 13. A detailed discussion of carbon stored in products is provided in the Energy chapter and
in Annex B.

Step 4: Subtract Carbon in International Bunker Fuels

Emissions from international transport activities, or international bunker fuel consumption, are not included
in national totals, as required by the IPCC (IPCC/UNEP/OECD/IEA 1997). There is currently disagreement
internationally as to how these emissions should be allocated, and until this issue is resolved, countries are asked to
report them separately. EIA energy statistics, however, include these bunker fuels—jet fuel for aircraft, and
digtillate fuel oil and residual fuel il for marine shipping—as part of fuel consumption by the transportation end-use
sector. To compensate for this inclusion, international bunker fuel emissions? were calculated separately (see Table
A-12) and the carbon content of these fuels was subtracted from the transportation end-use sector. International
bunker fuel emissions from military activities were developed using data provided by the Department of Defense as
described in the International Bunker Fuels section of the Energy chapter and in Annex |. The calculations of
international bunker fuel emissions followed the same procedures used for other fuel emissions (i.e., estimation of
consumption, determination of carbon content, and adjustment for the fraction of carbon not oxidized).

Step 5: Account for Carbon that Does Not Oxidize During Combustion

Because combustion processes are not 100 percent efficient, some of the carbon contained in fuels is not
emitted in a gaseous form to the atmosphere. Rather, it remains behind as soot, particulate matter and ash. The
estimated fraction of carbon not oxidized in U.S. energy conversion processes due to inefficiencies during
combustion ranges from 0.5 percent for natural gas to 1 percent for petroleum and coal. Except for coa these
assumptions are consistent with the default values recommended by the IPCC (IPCC/UNEP/OECD/IEA 1997). In
the United States, unoxidized carbon from coal combustion was estimated to be no more than one percent (Bechtel
1993).

Table A-14 presents fractions oxidized by fuel type, which are multiplied by the net carbon content of the
combusted energy to give final emissions estimates.

Of the fraction of carbon that is oxidized (e.g., 99 to 99.5 percent), the vast majority is emitted in its fully
oxidized form as carbon dioxide (CO,). A much smaller portion of this “oxidized” carbon is also emitted as carbon
monoxide (CO), methane (CH,), and non-methane volatile organic compounds (NMVOCs). These partialy
oxidized or unoxidized carbon compounds when in the atmosphere, though, are generally oxidized to CO, through
atmospheric processes (e.g., reaction with hydroxyl (OH)).>

3 See Waste Combustion section of the Energy chapter for a discussion of emissions from the combustion of plasticsin
the municipal solid waste stream.

4 Refer to the International Bunker Fuels section of the Energy chapter for a description of the methodology for
distinguishing between bunker and non-bunker fuel consumption.

5 Seeindirect CO, from CH, oxidation section in Energy chapter for a discussion of proper accounting of carbon from
hydrocarbon and CO emissions.
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Step 6: Summarize Emission Estimates

Actual CO, emissions in the United States were summarized by major fuel (i.e., coal, petroleum, natural
gas, geothermal) and consuming sector (i.e., residential, commercial, industrial, transportation, electricity
generation, and U.S. territories). Adjustments for international bunker fuels and carbon in non-energy products were
made. Emission estimates are expressed in teragrams of carbon dioxide equivalents (Tg CO, EQ.).

To determine total emissions by final end-use sector, emissions from electricity generation were distributed
to each end-use sector according to its share of aggregate electricity consumption (see Table A-16). This pro-rated
approach to allocating emissions from electricity generation may overestimate or underestimate emissions for
particular sectors due to differences in the average carbon content of fuel mixes burned to generate electricity.

A-4 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2000
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Tahle A-12: 2000 GO Emissions From International Bunker Fuel Consumption

Bunker Fuel Carbon Content Potential
Consumption Coefficient Emissions (Tg  Fraction Emissions
Fuel Type (TBtu) (Tg Carbon/QBtu)! Carbon)  Oxidized (Tg CO2Eq.)
Distillate Fuel Oil 115 19.95 2.3 0.99 8.3
Jet Fuel 816 19.33 15.8 0.99 57.3
Residual Fuel Qil 444 21.49 9.5 0.99 34.6
Total 1,375 27.6 100.2
Note: See Annex | for additional information on military bunkers.
Table A-13: 2000 Carhon In Non-Energy Products
1 3 4 5 6
Carbon Content Potential
Non-energy Use Coefficient Emissions Fraction Carbon Stored (Tg
Fuel Type (TBtu) (Tg Carbon/QBtu) (Tg Carbon) Sequestered® CO2Eq)
Industry 5512.4 103.6 265.6
Industrial Coking Coal 26.4 25.56 0.7 0.75 19
Natural Gas 3424 14.47 5.0 0.63 115
Asphalt & Road Oil 1,275.7 20.62 26.3 1.00 96.4
LPG 1,707.3 16.87 28.8 0.63 66.8
Lubricants 189.9 20.24 38 0.09 13
Pentanes Plus 286.8 18.24 5.2 0.63 12.1
Petrochemical Feedstocks
Naphtha (<401 deg. F) 564.2 18.14 10.2 0.63 237
Other Qil (>401 deg. F) 664.1 19.95 13.2 0.63 30.7
Still Gas 74 17.51 0.1 0.80 0.4
Petroleum Coke 1414 27.85 39 0.50 72
Special Naphtha 97.4 19.86 1.9 0.00 0.0
Other (Wax/Misc.)
Distillate Fuel Oil 7.0 19.95 0.1 0.50 0.3
Residual Fuel 50.3 21.49 11 0.50 2.0
Waxes 331 19.81 0.7 1.00 24
Miscellaneous 119.2 20.23 24 1.00 8.8
Transportation 179.4 3.6 12
Lubricants 179.4 20.24 36 0.09 1.2
U.S. Territories 223.8 45 16.5
Lubricants 1.4 20.24 0.0 0.09 0.0
Other Petroleum (Misc.) 222.5 variable 45 1.00 16.5
Total 5,915.6 1117 283.4

aSee Annex B for additional information.

1 One QBtuisone quadrillion Btu, or 10™® Btu. This unit is commonly referred to as a“Quad.”
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Tahle A-14: Key Assumptions for Estimating Carbon Dioxide Emissions

Carbon Content Coefficient

Fuel Type (Tg Carbon/QBtu) Fraction Oxidized
Coal
Residential Coal [a] 0.99
Commercial Coal [a] 0.99
Industrial Coking Coal E] 0.99
Industrial Other Coal [a] 0.99
Coke Imports 27.85 0.99
Transportation Coal NC NC
Utility Coal [a] 0.99
U.S. Territory Coal (bit) 25.14 0.99
Natural Gas 14.47 0.995
Petroleum
Asphalt & Road Oil 20.62 0.99
Aviation Gasoline 18.87 0.99
Distillate Fuel Oil 19.95 0.99
Jet Fuel [a] 0.99
Kerosene 19.72 0.99
LPG [a] 0.99
LPG (energy use/Territories) [a] 0.99
LPG (non-energy use) [a] -
Lubricants 20.24 0.99
Motor Gasoline [a] 0.99
Residual Fuel 21.49 0.99
Other Petroleum
AvGas Blend Components 18.87 0.99
Crude Oil [a] 0.99
MoGas Blend Components [ 0.99
Misc. Products [a] 0.99
Misc. Products (Territories) variable 0.99
Naphtha (<401 deg. F) 18.14 0.99
Other Oil (>401 deg. F) 19.95 0.99
Pentanes Plus 18.24 0.99
Petrochemical Feedstocks 19.37 0.99
Petroleum Coke 27.85 0.99
Still Gas 17.51 0.99
Special Naphtha 19.86 0.99
Unfinished Oils E]] 0.99
Waxes 19.81 0.99
Other Wax & Misc. 19.81 0.99
Geothermal 2.05 1.00

Sources: Carbon coefficients from EIA. Combustion efficiency for coal from Bechtel (1993) and for petroleum and natural gas from IPCC

(IPCC/UNEP/OECDI/IEA 1997).

- Not applicable
NC (Not Calculated)

[a] These coefficients vary annually due to fluctuations in fuel quality (seeTable A-15).
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Tahle A-15: Annually Variable Carhon Content Coefficients hy Year (Tg Carhon/0Btu)

Fuel Type 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Residential Coal 2592 26.00 2613 2597 2595 2600 2592 2600 26.00 26.00 26.00
Commercial Coal 2592 26.00 2613 2597 2595 2600 2592 2600 26.00 26.00 26.00
Industrial Coking Coal 2551 2551 2551 2551 2552 2553 2555 2556 2556 2556 2556
Industrial Other Coal 2558 2559 2562 2561 2563 2563 2561 2563 2563 25.63 25.63
Utility Coal 2568 2569 2569 2571 2572 2574 2574 2576 2576 2576  25.76
LPG 16.99 16.98  16.99 16.97 17.01 17.00  16.99 16.99 16.99  16.99 16.99
LPG (energy uselTerritories) 17.21 1721 1721 1722 17.22 1720 17.20 17.18 17.18  17.18 17.18
LPG (non-energy use) 16.83 16.84 1684 1680 16.88 16.87  16.86 16.88 16.87  16.88 16.87
Motor Gasoline 1941 1941 1942 1943 1945 1938 1936 1935 1933 1933 19.34
Jet Fuel 19.40 1940 1939 1937 1935 1934 1933 1933 1933 1933 19.33
MoGas Blend Components 1941 1941 1942 1943 1945 1938 1936 1935 1933 1933  19.34
Misc. Products 2016 2018 2022 2022 2021 2023 2025 2024 2024 2019 2023
Unfinished Qils 2016 2018 2022 2022 2021 2023 2025 2024 2024 2019 2023
Crude Oil 2016 2018 2022 2022 2021 2023 2025 2024 2024 2019 2023
Source: EIA (2001a) and EIA (2001c)
Tahle A-16: Electricity Consumption hy End-Use Sector [Billion Kilowatt-Hours]
End-Use Sector 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Residential 924 955 936 995 1,008 1,043 1,083 1,076 1,130 1,145 1,192
Commercial 839 856 851 886 914 954 981 1,028 1,079 1,105 1,135
Industrial 946 947 973 977 1,008 1,013 1,034 1,038 1,051 1,058 1,068
Transportation 4 4 4 4 4 4 4 4 4 4 4
U.S. Territories* - - - - - - - - - - -
Total 2,713 2,162 2,763 2,861 2,935 3,013 3,101 3,146 3,264 3,312 3,398

*EIA data on fuel consumption for electricity generation does not include the U.S. territories.

- Not applicable
Source: EIA (2001a)
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