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Executive Summary

Central to any study of climate change is the development of an emission inventory that identifies and
quantifies a country’s primary anthropogenic sources and sinks of greenhouse gas (GHG) emissions. This
inventory adheres to both (1) a comprehensive and detailed methodology for estimating sources and sinks of anthro-
pogenic greenhouse gases, and (2) a common and consistent mechanism that enables signatory countries to the
United Nations’ Framework Convention on Climate Change (FCCC) to compare the relative contribution of different
emission sources and greenhouse gases to climate change. Moreover, systematically and consistently estimating
national and international emissions is a prerequisite for evaluating the cost-effectiveness and feasibility of mitigation
strategies and emission reduction technologies.

This chapter summarizes the latest information on U.S. anthropogenic greenhouse gas emission trends from
1990 through 1996. To ensure that the U.S. emissions inventory is comparable to those of other FCCC signatory
countries, the estimates presented here were calculated using methodologies similar to those recommended in the
Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventiét®S/UNEP/OECD/IEA 1997). For emis-
sion sources related to energy consumption, land-use change and forestry, hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), sulfur hexafluoride (YFand select methane (Qt$ources, the IPCC default methodologies were expanded,
resulting in a more comprehensive and detailed estimate of emissions.

Recent Trends in U.S. Greenhouse Gas Emissions

Naturally occurring greenhouse gases include water vapor, carbon dioxiger@ane (CEJ, nitrous oxide
(N,O), and ozone (. Several classes of halogenated substances that contain fluorine, chlorine, or bromine are also
greenhouse gases, but they are, for the most part, solely a product of industrial activities. Chlorofluorocarbons
(CFCs) and hydrochlorofluorocarbons (HCFCs) are halocarbons that contain chlorine, while halocarbons that con-
tain bromine are referred to as halons. Other fluorine containing halogenated substances include hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulfur hexafluoridg) (SF

There are also several gases that, although they do not have a direct global warming effect, do influence the
formation and destruction of ozone, which does have such a terrestrial radiation absorbing effect. These gases—
referred to here as ozone precursors—include carbon monoxide (CO), oxides of nitrogeradMonmethane
volatile organic compounds (NMVOC3%)Aerosols—extremely small particles or liquid droplets often produced by
emissions of sulfur dioxide (SP-can also affect the absorptive characteristics of the atmosphere.

1 see Introduction chapter for discussion of changes in this inventory relative to previous U.S. greenhouse gas inventories.
2 Also referred to in the U.S. Clean Air Act as “criteria pollutants.”
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Although CQ, CH,, and NO occur naturally in ~ Figure ES-2

the atmosphere, the atmospheric concentration of ea 1996 Greenhouse
of them has risen, largely as a result of human activities Gas Emissions by Gas

Since 1800, atmospheric concentrations of these green- 1.9% HFCs, PFCs. & EFE
house gases have increased by 30, 145, and 15 percent, 5.8 N_O
respectively (IPCC 1996). This build-up has altered the 10.0% ﬂ%’.

composition of the earth’s atmosphere, and may affect
the global climate system.

Beginning in the 1950s, the use of CFCs and other
ozone depleting substances (ODSs) increased by neafly
10 percent a year, until the mid-1980s when international
concern about ozone depletion led to the signing of the
Montreal Protocol Since then, the consumption of
ODSs has rapidly declined as they are phased-out. |n
contrast, use of ODS substitutes such as HFCs, PFCs,
and SFE has grown significantly.

B2.3% l‘.:ﬂ-z

Figure ES-1 and Table ES-1 summarize the trends

in U.S. greenhouse gas emissions and sinks for 199(9)(ide were dominated by agricultural soil management
through 1996. Estimates are presented in units of mil

and mobile source fossil fuel combustion. The substitu-
lions of metric tons of carbon equivalents (MMTCE), tion of ozone depleting substances and emissions of HFC-
which weights each gas by its GWP value, or gIobab3 during the production of HCFC-22 were the primary
warming potential (see following section). contributors to aggregate HFC emissions. PFC emissions
Figure ES-2 illustrates the relative contribution of came mainly from primary aluminum production, while

the primary greenhouse gases to total U.S. emissions #lectrical transmission and distribution systems emitted
1996. The largest source of C@nd of overall GHG  the majority of SE

emissions in the United States was fossil fuel combus- Total U.S. greenhouse gas emissions rose in 1996

tion. Methane emissions resulted primarily from de'to 1,788.0 MMTCE (9.5 percent above 1990 baseline
composition of wastes in landfills, manure and eme“ﬁevels). The largest single year increase in emissions over

fermentation associated with domestic livestock, natug. .« time period was registered in 1996 (57.0 MMTCE
ral gas systems, and coal mining. Emissions of nitrous or 3.3 percent)

Figure ES-1 The largest source of U.S. GHG

; oy emissions was Cdrom fossil fuel com-

Recent Trends in U.S. Greenhouse Gas Emissions i ] S

bustion, which accounted for 81 percent

Carbon Dioxide m Methane in 1996. Emissions of CCfrom fossil

Nitrous Dxide mHFCs, PFCs, & SF, } 2
i - fuel combustion grew by 9 percent (118.9
I . fgmg 1783 1.7 1= .

1,780 | 18327 1e2pz \e4s7 TEAD —_— MMTCE) over the seven year period and
mLadl B OB B . L were responsible for over two-thirds of the
E 1,250 increase in national emissions. The larg-
= 1,000 est annual increase in emissions from this

750 source was also registered in 1996, when
8ol increased fuel consumption drove CO
250 emissions up by 3.7 percent. The primary
factors for this later single year increase
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Table ES-1: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks (MMTCE)

Gas/Source 1990 1991 1992 1993 1994 1995 1996
Co, 1,348.3 1,333.2 1,353.4 1,385.6 1,408.5 1,419.2 1,471.1
Fossil Fuel Combustion 1,331.4 1,316.4 1,336.6 1,367.5 1,389.6 1,398.7 1,450.3
Natural Gas Flaring 2.0 2.2 2.2 3.0 3.0 3.7 3.5
Cement Manufacture 8.9 8.7 8.8 9.3 9.6 9.9 10.1
Lime Manufacture 3.3 3.2 3.3 3.4 3.5 3.7 3.8
Limestone and Dolomite Use 1.4 1.3 1.2 1.1 1.5 1.8 1.8
Soda Ash Manufacture and Consumption 1.1 1.1 1.1 1.1 1.1 1.2 1.2
Carbon Dioxide Manufacture 0.2 0.2 0.2 0.2 0.2 0.3 0.3
Land-Use Change and Forestry (Sink)* (311.5) (311.5) (311.5) (208.6) (208.6) (208.6) (208.6)
CH, 169.9 171.1 172.5 171.9 175.9 179.2 178.6
Stationary Sources 2.3 2.8 2.4 2.8 2.3 2.4 2.5
Mobile Sources 1.5 1.4 1.4 1.4 1.4 1.4 1.4
Coal Mining 24.0 22.8 22.0 19.2 19.4 20.3 18.9
Natural Gas Systems 32.9 38.8 33.9 34.1 33.9 33.8 34.1
Petroleum Systems 1.6 1.6 1.6 1.6 1.6 1.6 1.5
Petrochemical Production 0.3 0.3 0.3 0.4 0.4 0.4 0.4
Silicon Carhide Production + + + + + + +
Enteric Fermentation 32.7 32.8 33.2 33.6 34.5 34.9 34.5
Manure Management 14.9 15.4 16.0 16.1 16.7 16.9 16.6
Rice Cultivation 2.5 2.5 2.8 2.5 3.0 2.8 2.5
Agricultural Residue Burning 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Landfills 56.2 57.6 57.8 59.7 61.6 63.6 65.1
Wastewater Treatment 0.9 0.9 0.9 0.9 0.9 0.9 0.9
N,O 92.3 94.4 96.8 97.1 104.9 101.9 103.7
Stationary Sources 3.7 3.7 3.7 3.8 3.8 3.8 4.0
Mobile Sources 13.2 13.9 14.8 15.6 16.3 16.6 16.5
Adipic Acid 4.7 4.9 4.6 4.9 5.2 5.2 5.4
Nitric Acid 3.4 3.3 3.4 3.5 3.7 3.7 3.8
Manure Management 2.6 2.8 2.8 2.9 2.9 2.9 3.0
Agricultural Soil Management 62.4 63.4 65.2 64.1 70.4 67.2 68.6
Agricultural Residue Burning 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Human Sewage 2.1 2.1 2.2 2.2 2.3 2.2 2.3
Waste Combustion 0.1 0.1 0.1 0.1 0.1 0.1 0.1
HFCs, PFCs, and SF, 22.2 21.6 23.0 23.4 25.9 30.8 34.7

Substitution of Ozone

Depleting Substances 0.3 0.2 0.4 1.4 4.0 9.5 11.9
Aluminum Production 4.9 4.7 4.1 3.5 2.8 2.7 2.9
HCFC-22 Production 9.5 8.4 9.5 8.7 8.6 7.4 8.5
Semiconductor Manufacture 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Electrical Transmission and Distribution 5.6 5.9 6.2 6.4 6.7 7.0 7.0
Magnesium Production and Processing 1.7 2.0 2.2 2.5 2.7 3.0 3.0
Total Emissions 1,632.7 1,620.2 1,645.7 1,678.0 1,715.3 1,731.1 1,788.0

Net Emission (Sources and Sinks) 1,321.2 1,308.7 1,334.2 1,469.4 1,506.7 1,522.5 1,579.5

+ Does not exceed 0.05 MMTCE

* Sinks are only included in net emissions total. Estimates of net carbon sequestration due to land-use change and forestry activities exclude
non-forest soils, and are based partially upon projections of forest carbon stocks.

Note: Totals may not sum due to independent rounding.
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were (1) fuel switching by electric utilities from natural
gas to more carbon intensive coal as gas prices rose
sharply, (2) higher petroleum consumption in the trans-
portation end-use sector as travel increased and fuel effi-
ciency stagnated, (3) greater natural gas consumption for
heating in the residential end-use sector due to colder
weather, and (4) overall robust domestic economic
growth.

Other significant trends in emissions over the seven
year period of 1990 through 1996 included: .
Combined NO and CH emissions from mobile
source fossil fuel combustion rose 3.2 MMTCE
(22 percent), primarily due to increased rates @§ N  *
generation in highway vehicles.

CFCs) increased dramatically (by 11.6 MMTCE);
however PFC emissions from aluminum production
decreased significantly (41 percent) as a result of
both voluntary industry emission reduction efforts
and falling domestic aluminum production.
Methane emissions from the decomposition of waste
in municipal and industrial landfills rose by 8.9
MMTCE (16 percent) as the amount of organic mat-
ter in landfills steadily accumulated.

Emissions from coal mining dropped by 5.1
MMTCE (21 percent) as the use of methane from
degasification systems increased significantly.
Nitrous oxide emissions from agricultural soil man-
agement increased by 6.2 MMTCE (10 percent) as
fertilizer consumption and cultivation of nitrogen fix-

Aggregate HFC and PFC emissions resulting from

the substitution of ozone depleting substances (e.g., iNg crops rose.

Greenhouse Gas Emissions from Transportation Activities

Motor vehicle usage is increasing all over the world, including in the United States. Since the 1970s, the number of highway vehicles
registered in the United States has increased faster than the overall population, according to the Federal Highway Administration.
Likewise, the number of miles driven—up 15 percent since 1990-and gallons of gasoline consumed each year in the United States has
increased relatively steadily since the 1980s, according to the Energy Information Administration. These increases in motor vehicle
usage are the result of a confluence of factors including population growth, economic growth, increasing urban sprawl, and low fuel prices.

One of the unintended consequences of these changes was a slowing of progress toward cleaner air in both urban and rural parts of the
country. Passenger cars, trucks, motorcycles, and buses emit significant quantities of air pollutants with local, regional, and global
effects. Motor vehicles were major sources of carbon monoxide, carbon dioxide (CO,), methane (CH,), nonmethane volatile organic
compounds, nitrogen oxides, nitrous oxide (N,0), and hydrofluorocarbons (HFCs). Motor vehicles were also important contributors to
many serious air pollution problems, including ground level ozone or smog, acid rain, fine particulate matter, and global warming. Within
the United States and abroad, government agencies have taken strong actions to reduce these emissions. Since the 1970s, the EPA has
reduced lead in gasoline, developed strict emission standards for new passenger cars and trucks, directed states to enact comprehensive
motor vehicle emission control programs, required inspection and maintenance programs, and more recently, introduced the use of
reformulated gasoline to mitigate the air pollution impacts from motor vehicles. New vehicles are now equipped with advanced emissions
controls, which are designed to reduce emissions of nitrogen oxides, hydrocarbons, and carbon monoxide.

This report reflects new data on the role that automotive catalytic converters play in emissions of N,O, a powerful greenhouse gas. The
EPA's Office of Mobile Sources has recently conducted a series of tests in order to measure the magnitude of N,O emissions from
gasoline-fueled passenger cars and light-duty trucks equipped with catalytic converters. Results show that N,O emissions are lower
than the IPCC default factors and the United States has shared this data with the IPCC. Now, new emission factors developed from
these measurements and from previously published literature were used to calculate emissions from mobile sources in the United States
(see Annex C).

Table ES-2 summarizes greenhouse gas emissions from all transportation related activities. Overall, transportation activities accounted
for an almost constant 26 percent of total U.S. greenhouse gas emissions from 1990 to 1996. These emissions were primarily CO, from
fuel combustion, which increased by 8.8 percent from 1990 to 1996. However, because of larger increases in N,O and HFC emissions
during this period, overall emissions from transportation activities actually increased by 10.1 percent.

ES-4

Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-1996



Table ES-2: Transportation Related Greenhouse Gas Emissions (MMTCE)

Gas/Vehicle Type 1990 1991 1992 1993 1994 1995 1996
Co, 409.6 400.8 406.7 414.1 427.4 432.8 4455
Passenger Cars? 169.3 167.8 172.0 173.5 172.5 160.0 163.2
Light-Duty Trucks? 77.5 77.2 77.2 80.5 87.2 104.9 107.1
Other Trucks 56.8 54.7 56.6 59.7 62.4 64.0 67.0
Buses 2.7 2.9 2.9 3.0 3.3 3.5 3.7
Aircraft 55.9 53.8 53.0 53.5 55.6 55.0 57.4
Boats and Vessels 16.3 15.0 15.3 13.4 13.7 12.5 13.2
Locomotives 7.4 6.9 7.4 6.7 8.0 8.1 8.5
Other® 23.7 22.4 22.4 23.7 24.8 24.9 25,5
CH, 1.5 1.4 1.4 1.4 1.4 1.4 1.4
Passenger Cars 0.8 0.7 0.7 0.7 0.7 0.7 0.6
Light-Duty Trucks 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Other Trucks and Buses 0.1 0.1 0.1 0.2 0.2 0.2 0.2
Aircraft + + + + + + +
Boats and Vessels 0.1 0.1 0.1 + + + +
Locomotives + + + + + + +
Othere 0.1 0.1 0.1 0.1 0.1 0.1 0.1
N,0 13.2 13.9 14.8 15.6 16.3 16.6 16.5
Passenger Cars 8.7 9.1 9.7 10.1 10.0 10.1 10.1
Light-Duty Trucks 3.4 3.7 3.9 4.2 5.1 5.2 5.1
Other Trucks and Buses 0.7 0.7 0.7 0.7 0.8 0.8 0.9
Aircraft¢ + + + + + + +
Boats and Vessels 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Locomotives 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Othere 0.2 0.2 0.2 0.2 0.2 0.2 0.2
HFCs + + 0.2 0.7 1.3 2.5 3.6
Mobile Air Conditioners® + + 0.2 0.7 1.3 2.5 3.6
Total 424.3 416.1 423.2 431.7 446.4 453.3 467.0

+ Does not exceed 0.05 MMTCE

Note: Totals may not sum due to independent rounding.

2 |n 1995, the U.S. Federal Highway Administration modified the definition of light-duty trucks to include minivans and sport utility vehicles.
Previously, these vehicles were included under the passenger cars category. Hence the sharp drop in CO, emissions for passenger cars from
1994 to 1995 was observed. This gap, however, was offset by an equivalent rise in CO, emissions from light-duty trucks.

® “Other” CO, emissions includes motorcycles, construction equipment, agricultural machinery, pipelines, and lubricants.

¢ “Other” CH, and N,O emissions includes motorcycles, construction equipment, agricultural machinery, gasoline-powered recreational,
industrial, lawn and garden, light commercial, logging, airport service, other equipment; and diesel-powered recreational, industrial, lawn and
garden, light construction, airport service.

¢ Aircraft N,O emissions include aviation gasoline combustion but exclude jet fuel combustion due to insufficient data availability.

¢Includes primarily HFC-134a

Overall, from 1990 to 1996 total emissions of CO long atmospheric lifetimes. U.S. greenhouse gas emissions
CH,, and NO increased by 122.8 (9 percent), 8.6 (5 perwere partly offset by carbon sequestration in forests.

cent), and 11.4 MMTCE (12 percent), respectively. During  The following sections describe the concept of Glo-
the same period, weighted emissions of HFCs, PFCs, angh| Warming Potentials (GWPs), present the anthropo-
SF, rose by 12.5 MMTCE (56 percent). Despite beinggenic sources and sinks of greenhouse gas emissions in
emitted in smaller quantities, emissions of HFCs, PFCghe United States, briefly discuss emission pathways,
and SEare significant because of their extremely high glo-summarize the emission estimates, and explain the rela-
bal warming potentials and, in the cases of PFCs agd Skijve importance of emissions from each source category.
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Electric Utility Related Greenhouse Gas Emissions

Like transportation, activities related to the generation, transmission and distribution of electricity in the United States result in
greenhouse gas emissions. Table ES-3 presents greenhouse gas emissions from electric utility related activities. Overall emis-
sions from electric utilities increased by 8.6 percent from 1990 to 1996, and accounted for just under 30 percent of total U.S.
greenhouse emissions during the same period.

Table ES-3: Electric Utility Related Greenhouse Gas Emissions (MMTCE)

Gas/Fuel Type or Source 1990 1991 1992 1993 1994 1995 1996
Co, 476.8 473.4 472.5 490.7 494.8 493.8 516.8
Natural Gas 41.2 41.1 40.7 39.5 44.0 47.2 40.3
Petroleum 26.6 25.1 19.9 22.5 20.6 14.0 15.6
Geothermal 0.1 0.1 0.1 0.1 + + +
CH, 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Stationary Sources (Utilities) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
N,0 2.0 2.0 2.0 2.1 2.1 2.1 2.2
Stationary Sources (Utilities) 2.0 2.0 2.0 2.1 2.1 2.1 2.2
SF, 5.6 549 6.2 6.4 6.7 7.0 7.0
Electrical Transmission and Distribution 5.6 5.9 6.2 6.4 6.7 7.0 7.0
Total 484.6 481.4 480.8 499.3 503.7 503.1 526.2

+ Does not exceed 0.05 MMTCE
Note: Totals may not sum due to independent rounding.

Global Warming Potentials MMTCE = (Tgof gas)x(GWP)xéli—Z@

Gases in the atmosphere can contribute to the green- ~ The GWP of a greenhouse gas is the ratio of global
house effect both directly and indirectly. Direct effects ocWarming, or radiative forcing (both direct and indirect), from
cur when the gas itself is a greenhouse gas; indirect radi@€ unit mass of a greenhouse gas to one unit mass of car-
tive forcing occurs when chemical transformations of théon dioxide over a period of time. While any time period
original gas produce a gas or gases that are greenhouse g3 be selected, the 100 year GWPs recommended by the
or when a gas influences the atmospheric lifetimes of othdP CC, and employed by the United States for policy mak-
gases. The concept of Global Warming Potential (GWPJ'g and reporting purposes, were used in this report (IPCC
has been developed to compare the ability of each greeh?96). A tabulation of GWPs is shown in Table ES-4.
house gas to trap heat in the atmosphere relative to another

gas. Carbon dioxide was chosen as the reference gas to@@rbon DiOXide Emissions

consistent with IPCC guidelines.

The global carbon cycle is made up of large car-

Global Warming Potentials are not provided for the ) o
bon flows and reservoirs. Hundreds of billions of tons

criteria pollutants CO, NONMVOCs, and SQbecause )
. . . of carbon in the form of C(are absorbed by oceans and
there is no agreed upon method to estimate their contri-

bution to climate change. These gases affect radiati\}gmg biomass (sinks) and are emitted to the atmosphere

forcing indirectly (IPCC 1996). annually through natural processes (sources). When in

o ) _equilibrium, carbon fluxes among these various reser-
All gases in this inventory are presented in units of

- . . voirs are roughly balanced.
million metric tons of carbon equivalents (MMTCE). Car- . he Industrial Revolut A i .
bon comprises 12/44ths of carbon dioxide by weight. In Ince the Industrial Revolution, the equilibrium o

o . tmospheric carbon has been increasingly compromised.
order to convert emissions reported in teragrams (Tg) oa} P gy P

greenhouse gas to MMTCE, the following equation WaéAtmosphenc concentrations of G@ave risen about 28

used: percent (IPCC 1996), principally because of fossil fuel
' combustion, which accounted for 99 percent of total U.S.
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Table ES-4: Global Warming Potentials (100 Year Time Horizon)

Gas GWP Gas GWP
Carbon dioxide (CO,) 1 HFC-227ea 2,900
Methane (CH,)* 21 HFC-236fa 6,300
Nitrous oxide (N,O) 310 HFC-4310mee 1,300
HFC-23 11,700 CF, 6,500
HFC-125 2,800 CF, 9,200
HFC-134a 1,300 CFy, 7,000
HFC-143a 3,800 F 7,400
HFC-152a 140 F 23,900

Source: (IPCC 1996)
* The methane GWP includes the direct effects and those indirect effects due to the production of tropospheric ozone and strato spheric
water vapor. The indirect effect due to the production of CO, is not included.

CO, emissions in 1996. Changes in land-use and forergy sources such as hydropower, biomass, and nuclear
estry practices can also emit C(@.g., through conver- energy (see Figure ES-4). Energy related activities other
sion of forest land to agricultural or urban use) or can acthan fuel combustion, such as those associated with the
as a sink for CQ(e.g., through net additions to forest production, transmission, storage, and distribution of fos-
biomass). sil fuels, also emit GHGs (primarily methane). A dis-

Table ES-5 and Figure ES-3 summarizes U.Scussion of specific Energy sector trends is presented be-
sources and sinks of CQwhile the remainder of this low.

section discusses G@mission trends in greater detail. _ )
Fossil Fuel Combustion

Energy Sector As fossil fuel§ are corT]busted, the carbon stored in
them is almost entirely emitted as CO'he amount of

Energy related activities accounted for 86 percent

. . carbon in fuels with a given energy content varies sig-
of all U.S. greenhouse gas emissions in 1996. Carbon g gy g

L . . . nificantly by fuel type. For example, coal contains the
dioxide from fossil fuel combustion was the main con- y by yp P

highest t of carb it of , whil -
tributor, although CHand NO were also emitted. Ap- 'ghest amount of carbon per unit ot energy, while pe

: éroleum has about 25 percent less carbon than coal, and
proximately 85 percent of U.S. energy was produce twral h bout 45 . Petrol

. . _ natural gas has abou ercent less. Petroleum sup-

through the combustion of fossil fuels in 1996. The re g P P

. plied the largest share of U.S. energy demands, account-
maining 15 percent came from renewable or other en-
ing for an average of 39 percent of total energy consump-

Table ES-5: U.S. Sources of CO, Emissions and Sinks (MMTCE)

Source 1990 1991 1992 1993 1994 1995 1996
Fossil Fuel Combustion 1,331.4 1,316.4  1,336.6 1,367.5 1,389.6 1,398.7 1,450.3
Natural Gas Flaring 2.0 2.2 2.2 3.0 3.0 8.7 3.5
Cement Manufacture 8.9 8.7 8.8 9.3 9.6 9.9 10.1
Lime Manufacture 3.3 3.2 3.3 3.4 3.5 3.7 3.8
Limestone and Dolomite Use 1.4 1.3 1.2 1.1 1.5 1.8 1.8
Soda Ash Manufacture and Consumption 1.1 1.1 1.1 1.1 1.1 1.2 1.2
Carbon Dioxide Manufacture 0.2 0.2 0.2 0.2 0.2 0.3 0.3
Land-Use Change and Forestry (Sink)* (311.5) (311.5) (311.5) (208.6) (208.6) (208.6) (208.6)
Total Emissions 1,348.3 1,333.2 1,353.4 1,385.6  1,408.5 1,419.2 1,471.1
Net Emissions (Sources and Sinks) 1,036.8 1,021.7 1,041.9 1,177.0 1,200.0 1,210.6 1,262.5

+ Does not exceed 0.05 MMTCE

* Sinks are only included in net emissions total. Estimates of net carbon sequestration due to land-use change and forestry activities exclude
non-forest soils, and are based partially upon projections of forest carbon stocks.

Note: Totals may not sum due to independent rounding.
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tion over the 1990 through 1996 period. Natural gas and Despite slightly higher prices, the consumption of
coal followed in order of importance, accounting for anpetroleum products in 1996 increased 3.5 percent from
average of 24 and 22 percent of total consumption, rethe previous year, accounting for about 43 percent of the
spectively. Most petroleum was consumed in the transncrease in CQemissions from fossil fuel combustion.
portation end-use sector, while the vast majority of coaMore than half of the increase in emissions from petro-
was used by electric utilities, with natural gas consumedeum was due to an increase in fuel consumption for trans-
largely in the industrial and residential end-use sectorsportation activities.

Emissions of COfrom fossil fuel combustion in- From 1995 to 1996, emissions from natural gas rose
creased at an annualized rate of 1.4 percent from 1990 ¢mly 1.2 percent, largely due to higher natural gas prices in
1996. The primary factors behind this trend were (1) a r01996 that reversed a 10 year long trend of declining prices.
bust domestic economy, (2) relatively low energy pricesThe U.S. Department of Energy’s Energy Information Ad-
and (3) fuel switching by electric utilities. After 1990, whenministration cited low levels of storage and unusually cold
CQ, emissions from fossil fuel combustion were 1,331.4weather as the two main reasons for this price increase (EIA
MMTCE, there was a slight decline in emissions in 19911997). Natural gas related emissions from the residential
followed by a steady increase to 1,450.3 MMTCE in 1996end-use sector rose by 7.9 percent while electric utilities
Overall, CQ emissions from fossil fuel combustion in- experienced a dramatic 14.5 percent decrease. This sharp
creased by 9 percent over the seven year period and roserguction in utilities’ gas consumption can be explained, in
a dramatic 3.7 percent in the final year alone. large part, by a 33 percent increase in the price of natural

Of all fossil fuel combustion related emissions from 9as for utilities (EIA 1997).
1995 to 1996, emissions from coal grew the most (an Industrial End-Use Sectoindustry accounted for
increase of 25.5 MMTCE or 5 percent), while emissions33 percent of U.S. emissions from fossil fuel consump-
from natural gas changed the least (an increase of 3t®n (see Figure ES-5 and Table ES-6). About two-thirds
MMTCE or 1 percent) as electric utilities increased theirof these emissions result from producing steam and pro-
consumption of coal, while shifting away from natural cess heat from fossil fuel combustion, while the remain-
gas because of higher gas prices. Alone, emissions froimg third results from consuming electricity for such uses
coal combustion by electric utilities increased by over Gas motors, electric furnaces, ovens, and lighting.
percent from 1995 to 1996.
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Figure ES-5

to electricity consumption, respectively, for lighting, heat-

1996 CO, Emissions from Fossil ing, cooling, and operating appliances. The remaining
Fuel Combustion by End-Use emissions were largely due to the consumption of natu-
Sector and Fuel Type ral gas and petroleum, primarily for meeting heating and
cooking needs.
a0l . ::::‘;ﬂu%“ Electric Utilities. The United States relies on elec-
a = Coal tricity to meet a significant portion of its energy demands,
E 300 especially for lighting, electric motors, heating, and air
200 conditioning. Electric utilities are responsible for con-
suming 27 percent of U.S. energy and emitted 36 per-
100 cent of CQ from fossil fuel consumption in 1996. The
a - type of fuel combusted by utilities has a significant ef-
Fd -ﬁi F F & fect on their emissions. For example, some electricity is
;i:? ‘sp;'? ﬁ égg generated with low CQOemitting energy technologies,
& e & E;‘ particularly non-fossil options such as nuclear, hydro-
+ Utiities also includes emissiﬁs of 0.04 MMT?E om electric, or geothermal energy. However, electric utili-
geothermal based electricity generation ties rely on coal for over half of their total energy re-

quirements and accounted for 88 percent of all coal con-
Transportation End-Use SectorTransportation sumed in the United States in 1996. Consequently,

activities accounted for 31 percent of Gnissions from  changes in electricity demand have a significant impact

fossil fuel combustion in 1996. Virtually all of the en- on coal consumption and associated, E@issions.

ergy consumed in this sector came from petroleum prod-

ucts. Nearly two thirds of the emissions resulted from Natural Ggs F_Iarlr?g
. Lo _ - Carbon dioxide is produced when methane trapped
gasoline consumption in motor vehicles. The remaining

- . ... . In natural gas systems or oil wells is flared (i.e., com-
emissions came from other transportation activities, in-

. . . busted) to relieve rising pressure or to dispose of small
cluding the combustion of diesel fuel for heavy-duty ve- ) ) gp : P
. . . guantities of gas that are not commercially marketable.
hicles and jet fuel for aircraft.

In 1996, flaring activities emitted approximately 3.5

] ) ) MMTCE, or about 0.2 percent of U.S. C@missions.
residential and commercial sectors accounted for 20 and

Residential and Commercial End-Use Sectditse

16 percent, respectively, of G@missions from fossil Biomass Combustion

fuel consumption in 1996. Both sectors relied heavily Biomass, in the form of fuel wood and wood waste,
on electricity for meeting energy needs, with about twois used primarily by the industrial end-use sector, while
thirds and three-quarters of their emissions attributabléhe transportation end-use sector dominates the use of

Table ES-6: CO, Emissions from Fossil Fuel Combustion by End-Use Sector (MMTCE)*

End-Use Sector 1990 1991 1992 1993 1994 1995 1996
Residential 253.0 257.0 255.7 271.6 268.6 269.7 286.7
Commercial 206.7 206.4 205.3 212.2 2141 219.2 229.9
Industrial 453.1 441.6 459.0 459.0 468.1 465.7 477.5
Transportation 409.6 400.8 406.7 414.1 427.4 432.8 445.5
U.S. Territories 9.1 10.7 9.8 10.6 11.4 11.2 10.8
Total 1331.4 1316.4 1336.6 1367.5 1389.6 1398.7 1450.3

* Emissions from fossil fuel combustion by electric utilities are allocated based on electricity consumption by each end-use sector.
Note: Totals may not sum due to independent rounding.
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biomass-based fuels, such as ethanol from corn adine combines with other materials to produce clinker,
woody crops. Ethanol and ethanol blends, such as gasahile the CQ s released into the atmosphere.
hol, are typically used to fuel public transport vehicles.

Although these fuels do emit CQn the long run Lime Manufacture (3.8 MMTCE)

. . . . Lime is used in steel making, construction, pulp
the CQ emitted from biomass consumption does not in- .
. ) : and paper manufacturing, and water and sewage treat-
crease atmospheric G@oncentrations, assuming the

. . . . ment. It is manufactured by heating limestone (mostly

biogenic carbon emitted is offset by the growth of new . . ) . .

. calcium carbonate, CaCJain a kiln, creating calcium

biomass. For example, fuel wood burned one year but o o ]
oxide (quicklime) and CQ which is normally emitted

re-grown the next only recycles carbon, rather than cre-

. . . . to the atmosphere.

ating a net increase in total atmospheric carbon. Net car-

bon fluxes from changes in biogenic carbon reservoirs Limestone and Dolomite Use (1.8 MTCE)

in wooded or crop lands are accounted for under the Land- [ jmestone (CaC@ and dolomite (CaCMgCO,)
Use Change and Forestry sector. are basic raw materials used by a wide variety of indus-
CO, emissions from biomass combustion were 54.8@ries, including the construction, agriculture, chemical,
MMTCE, with the industrial end-use sector accountingand metallurgical industries. For example, limestone can
for 71 percent of the emissions, and the residential endve used as a purifier in refining metals. In the case of
use sector, 24 percent. Ethanol consumption by the tranigen ore, limestone heated in a blast furnace reacts with
portation end-use sector accounted for only 3 percent dfnpurities in the iron ore and fuels, generating,@®a
CO, emissions from biomass combustion. by-product. Limestone is also used in flue gas desulfur-
ization systems to remove sulfur dioxide from the ex-
Industrial Processes haust gases.
Emissions are often produced as a by-product of
various non-energy-related activities. For example, in- Soda Ash Manufacture and

. . : Consumption (1.2 MMTCE)
dustrial processes can chemically transform raw materi- ) ) )
. . Commercial soda ash (sodium carbonateCRyg) is
als from one state to another. This transformation often

: used in many consumer products, such as glass, soap and
releases greenhouse gases such gs T@ production y P g P

) detergents, paper, textiles, and food. During the manufac-
processes that emit C@hclude cement manufacture, g pap g

) _ . .turing of these products, natural sources of sodium carbon-
lime manufacture, limestone and dolomite use (e.g., in ] .
i ) ate are heated and transformed into a crude soda ash, in
iron and steel making), soda ash manufacture and con-

which CQ,is generated as a by-product. In addition, 8O
sumption, and COmanufacture. Total carbon dioxide Qisg P 2

. . often released when the soda ash is consumed.
emissions from these sources were approximately 17.3

MMTCE in 1996, accounting for about 1 percent of to- Carbon Dioxide Manufacture (0.3 MMTCE)

tal CO, emissions. Since 1990, emissions from each of Carbon dioxide is used directly in many segments
these sources increased, except for emissions from sogg the economy, including food processing, beverage
ash manufacture and consumption, which remained relgnanufacturing, chemical processing, crude oil drilling,
tively constant. and a host of industrial and other miscellaneous applica-
tions. For the most part, the C@sed in these applica-

Cement Manufacture (10.1 MMTCE . .
( ) tions is eventually released to the atmosphere.

Carbon dioxide is produced primarily during the
production of clinker, an intermediate product from WhiChLand-Use Change and Forestry
finished Portland and masonry cement are made. Spe-
cifically, CO, is created when calcium carbonate (CgCO
is heated in a cement kiln to form lime and CQOhis

When humans use and alter the biosphere through
changes in land-use and forest management practices,
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they alter the natural balance between carbon stored jpractices declined by 33 percent between 1990 and 1996
the atmosphere and in biomass and soils. These pradte to the maturation of existing U.S. forests and the slowed
tices include forest clearing to create cropland or pasexpansion of Eastern forest cover.
ture, timber re-growth on logged forest lands, wetland
draining, and reversion of pasture to grassland or foresMethane Emissions

Forests, which cover about 298 million hectares
(737 million acres) of U.S. land (Powell et al. 1993), can  Atmospheric methane (GHis an integral compo-
be an important terrestrial sink for GOBecause ap- Nent of the greenhouse effect, second only tg &0a
proximately half the dry weight of wood is carbon, treecontributor to anthropogenic greenhouse gas emissions.
growth results in a net accumulation of carbon in relaMethane’s overall contribution to global warming is sig-
tively long-lived biomass. Other types of vegetativeniﬁcant because it is estimated to be 21 times more ef-
cover, as well as soils, can also act as sinks of carbon fective at trapping heat in the atmosphere thap Cver
nEhe last two centuries, methane’s concentration in the at-
practices and the regeneration of previously cleared forr_nosphere has more than doubled (IPCC 1996). Scien-

est areas have resulted in a net uptake (sequestration)t}?fs beheye thes_e gtmospherlc increases Yvere due largely
carbon in U.S. forest lands. This uptake is an ongoinéo increasing emissions from anthropogenic sources, such

result of land-use changes in previous decades. For 2 Iandf_lll_s_, natural g§1§ and pe_troleum systems, agricul-
. . - O}ural activities, coal mining, fossil fuel combustion, waste-
ample, because of improved agricultural productivity an

the widespread use of tractors, the rate of clearing foredfater treatment, and certain industrial processes (see

land for crop cultivation and pasture slowed greatly inTable ES-7).

the late 19th century, and by 1920 this practice had aIandfiIIS
but ceased. As farming expanded in the Midwest an

West, large areas of previously cultivated land in the East Landfills are the_ Ia.rges_t single _anthropogemc
source of methane emissions in the United States. In an

were brought out of crop production, primarily between™ .
1920 and 1950, and were allowed to revert to forest lan%nwronment where the oxygen content is low or nonex-

or were actively reforested.

In the United States, improved forest manageme

Since the early 1950s, the managed growth of priFigure ES-6
vate forest land in the East has nearly doubled the bio
ass density there. The 1970s and 1980s saw a resurgenre T
of federally sponsored tree-planting programs (e.g., the
Forestry Incentive Program) and soil conservation pro
grams (e.g., the Conservation Reserve Program), whic
have focused on reforesting previously harvested lands

improving timber-management, combating soil erosion
and converting marginal cropland to forests.

Enteric Fermamaban
Haburad Gas Sysbeme |

—

Caal Minshg
Manure Managememn
Fic# Custivatan

Statignary Sources

As a result of these activities, the Ciix in 1996 Piatrob sy iy
was estimated to have been an net uptake of 208.6 MMTCE Whibile BarG a8
This net sequestration of carbon includes forest trees, un Wi b Tra b rel Prmoe ol ) Erregsany

derstory, litter, soils, and carbon stored in the U.S. wood  ggerachemical Broductan
product pools and landfills. This carbon uptake representSagricuirsi Fesidus Burmng

an offset of about 14 percent of the Gfnissions from Silieon Carlsds Proguctian
fossil fuel combustion in 1996. The amount of carbon se & an et -
guestered through changes in U.S. forestry and land-us MMTCE
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Table ES-7: U.S. Sources of Methane Emissions (MMTCE)

Source 1990 1991 1992 1993 1994 1995 1996
Stationary Sources 2.3 2.3 2.4 2.3 2.3 2.4 2.5
Mobile Sources 1.5 1.4 1.4 1.4 1.4 1.4 1.4
Coal Mining 24.0 22.8 22.0 19.2 19.4 20.3 18.9
Natural Gas Systems 32.9 38.8 33.9 34.1 33.9 33.8 34.1
Petroleum Systems 1.6 1.6 1.6 1.6 1.6 1.6 1.5
Petrochemical Production 0.3 0.3 0.3 0.4 0.4 0.4 0.4
Silicon Carbide Production + + + + + + +
Enteric Fermentation 32.7 32.8 33.2 33.6 34.5 34.9 34.5
Manure Management 14.9 15.4 16.0 16.1 16.7 16.9 16.6
Rice Cultivation 2.5 2.5 2.8 2.5 3.0 2.8 2.5
Agricultural Residue Burning 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Landfills 56.2 57.6 57.8 59.7 61.6 63.6 65.1
Wastewater Treatment 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Total 169.9 171.1 172.5 171.9 175.9 179.2 178.6

+ Does not exceed 0.05 MMTCE
Note: Totals may not sum due to independent rounding.

istent, organic materials, such as yard waste, househoNatural Gas and Petroleum Systems
waste, food waste, and paper, are decomposed by bacte- Methane is the major component of natural gas.
ria resulting in the generation of methane and biogenipuring the production, processing, transmission, and dis-
CO,. Methane emissions from landfills are affected bytribution of natural gas, fugitive emissions of methane
site-specific factors such as waste composition, moisturgften occur. Because natural gas is often found in con-
and landfill size. junction with petroleum deposits, leakage from petro-
Methane emissions from U.S. landfills in 1996 wereleum systems is also a source of emissions. Emissions
65.1 MMTCE, a 16 percent increase since 1990 due tgary greatly from facility to facility and are largely a func-
the steady accumulation of wastes in landfills. Emistion of operation and maintenance procedures and equip-
sions from U.S. municipal solid waste landfills, which ment condition. In 1996, emissions from U.S. natural
received about 62 percent of the solid waste generated gas systems were estimated to be 34.1 MMTCE, account-
the United States, accounted for 93 percent of total landng for approximately 19 percent of U.S. methane emis-
fill emissions, while industrial landfills accounted for the sions.

remainder. Approximately 14 percent of the methane  Methane emissions from the components of petro-
generated in U.S. landfills in 1996 was recovered angeum systems—including crude oil production, crude oil
combusted, often for energy. EPA is currently reviewingrefining, transportation, and distribution—generally oc-
site specific information on landfill gas recovery andcur as a result of system leaks, disruptions, and routine
anticipates that this new information will lead to an esti-maintenance. In 1996, emissions from petroleum sys-
mate of greater higher national recovery total, and thugems were estimated to be 1.5 MMTCE, or 1 percent of
lower net methane emissions. This new information willy.S. methane emissions. EPA is reviewing new infor-
be available in future inventories. mation on methane emissions from petroleum systems

A regulation promulgated in March 1996 requiresand anticipates that future emission estimates will be
the largest U.S. landfills to begin collecting and com-higher for this source.

busting their landfill gas to reduce emissions of From 1990 to 1996, combined emissions from natu-
nonmethane volatile organic compounds (NMVOCS). ltral gas and petroleum systems increased by just over 3

is estimated that by the year 2000, this regulation wilpercent as the number of gas producing wells and miles
have reduced landfill methane emissions by more thagt distribution pipeline rose.

50 percent.
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Agriculture Sector Emissions from manure management were about 9
The Agricultural sector accounted for 30 percentpercent of U.S. methane emissions in 1996, and about 31
of U.S. methane emissions in 1996, with enteric fermenpercent of methane emissions from the Agriculture sector.
tation in domestic livestock and manure managemerﬁl’om 1990 to 1996, emissions from this source increased
accounting for the majority. Other agricultural activitiesPy 11 percent because of larger farm animal populations
contributing directly to methane emissions included riceand expanded use of liquid manure management systems.
cultivation and agricultural waste burning. Between 1990 ) o
and 1996, methane emissions from domestic livestock Rice Cultivation (2.5 M_MTCE) o
. . . Most of the world’s rice, and all of the rice in the
enteric fermentation and manure management increased _ ) _
. ._United States, is grown on flooded fields. When fields
by about 6 percent and 11 percent, respectively. During i . i
. . . . . r’:\re flooded, anaerobic conditions develop and the organic
this same time period, methane emissions from rice cul- ) ) )
N . matter in the soil decomposes, releasing methane to the
tivation decreased slightly.

atmosphere, primarily through the rice plants.

Enteric Fermentation in Domestic Livestock In 1996, rice cultivation was the source of just over
(34.5 MMTCE) 1 percent of total U.S. methane emissions, and about 5
During animal digestion, methane is producedyercent of U.S. methane emissions from the Agricultural

through the process of enteric fermentation, in whiClsector, Emissions estimates from this source did not
microbes residing in animal digestive systems break dOWBhange significantly from 1990 levels.

the feed consumed by the animal. Ruminants, which

include cattle, buffalo, sheep, and goats, have the high-  Agricultural Residue Burning (0.2 MMTCE)

est methane emissions among all animal types because Burning crop residue releases a number of green-
they have a rumen, or large fore-stomach, in which metthouse gases, including methane. Agricultural residue
ane producing fermentation occurs. Non-ruminant doburning is considered to be a net source of methane emis-
mestic animals, such as pigs and horses, have much lowggns because, unlike GOnethane is released during
methane emissions. In 1996, enteric fermentation waurning is not reabsorbed by crop regrowth during the
the source of about 19 percent of U.S. methane emigext growing season. Because field burning is not com-
sions, and about 64 percent of methane emissions fromon in the United States, it was responsible for only 0.1
the Agricultural sector. From 1990 to 1996, emissiongercent of U.S. methane emissions in 1996.

from this source increased by almost 6 percent due mainly

to increased livestock populations. Coal Mlﬂlng
Produced millions of years ago during the forma-
Manure Management (16.6 MMTCE) tion of coal, methane trapped within coal seams and sur-

The decomposition of organic animal waste in anyoynding rock strata is released when the coal is mined.
anaerobic environment produces methane. The Moghe quantity of methane released to the atmosphere dur-

important factor affecting the amount of methane Proing coal mining operations depends primarily upon the
duced is how the manure is managed, because certqj@pth and type of the coal that is mined.

types of storage and treatment systems promote an oxy-
gen-free environment.

Methane from surface mines is emitted directly to

_ In partllclular, liquid systems.ter.lc.!he atmosphere as the rock strata overlying the coal seam
to encourage anaerobic conditions and produce S'gmf"s removed. Because methane in underground mines is

cant quantities of methane, Whereas solid waste ma_naggf(plosive at concentrations of 5 to 15 percent in air, most
ment approaches produce littie or no methane. H'ghee(ctive underground mines are required to vent this meth-

temperatures and moist climatic conditions also promotgme typically to the atmosphere. At some mines, meth-

methane production. ane-recovery systems may supplement these ventilation
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systems. U.S. recovery of methane has been increasif@ssil Fuel Combustion
in recent years. During 1996, coal mining activities emit- Nitrous oxide is a product of the reaction that oc-
ted 18.9 MMTCE of methane, or 11 percent of U.S. methcurs between nitrogen and oxygen during fossil fuel com-
ane emissions. From 1990 to 1996, emissions from thisystion. Both mobile and stationary sources enz'@,N
source decreased by 21 percent due to increased useapld the volume emitted varies according to the type of
the methane collected by mine degasification systemsfyel, technology, and pollution control device used, as
well as maintenance and operating practices. For ex-
Other Sources ample, catalytic converters installed to reduce mobile

Methane is also produced from several otheisource pollution can result in the formation gON

sources in the United States, including fossil fuel com- In 1996, NO emissions from mobile sources totaled

bustion, wastewater treatment, and some industrial propg 5 MMTCE, or 16 percent of U.S, 8 emissions. Emis-

cesses. Fossil fuel combustion by stationary and mobilg, ¢ of NO from stationary sources were 4.0 MMTCE,
sources was responsible for methane emissions of 289 percent of U.S. J0 emissions. From 1990 to 1996,
and 1.4 MMTCE, respectively in 1996. Wastewater treaty; mpined NO emissions from stationary and mobile

ment was a smaller source of methane, emitting 0.8, rces increased by 21 percent, primarily due to increased
MMTCE in 1996. Methane emissions from two indus- 4iag of NO generation in motor vehicles,

trial sources—petrochemical and silicon carbide produc-

tion—were also estimated, totaling 0.4 MMTCE. Agricultural Soil Management
. . L. Nitrous oxide (NO) is produced naturally in soils
Nitrous OXIde Emissions through microbial processes. A number of anthropogenic

activities add to the amount of nitrogen available to be

Nitrous oxide (NO) '_S a gre.enhous.e gas_ thatis PO emitted as NO by these microbial processes. Direct ad-
duced naturally from a wide variety of biological SOUrCeSitions of nitrogen occur through the application of syn-

in soil and wz.ite.r. While ;‘D emissions are much I.ower thetic and organic fertilizers, cultivation of nitrogen-fix-
than CQ emissions, bO is approximately 310 times ing crops, cultivation of high organic content soils, and

more powerful than CQat trapping heat in the atmo- w0 o hsjication of livestock manure on croplands and
sphere (IPCC 1996). During the past two centuries, abasture

mospheric concentrations of ® has risen by approxi-

Indirect emissions result from volatilization and

. _ " subsequent atmospheric deposition of ammonia,\NH
mately 13 percent. The main anthropogenic activities, 4 o ides of nitrogen (N® and from leaching and
producing NO in the United States were fossil fuel com- iy

bustion in motor vehicles, agricultural soil management
and adipic and nitric acid production (see Table ES-8).

surface run-off. These indirect emissions originate from
hitrogen applied to soils as fertilizer and from managed
and unmanaged livestock wastes.

Table ES-8: U.S. Sources of Nitrous Oxide Emissions (MMTCE)

Source 1990 1991 1992 1993 1994 1995 1996
Stationary Sources 3.7 3.7 3.7 3.8 3.8 3.8 4.0
Mobile Sources 13.2 13.9 14.8 15.6 16.3 16.6 16.5
Adipic Acid 4.7 4.9 4.6 4.9 5.2 5.2 5.4
Nitric Acid 3.4 8.3 3.4 8.5 3.7 8.7 3.8
Manure Management 2.6 2.8 2.8 2.9 2.9 2.9 3.0
Agricultural Soil Management 62.4 63.4 65.2 64.1 70.4 67.2 68.6
Agricultural Residue Burning 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Human Sewage 2.1 2.1 2.2 2.2 2.3 2.2 2.3
Waste Combustion 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total 92.3 94.4 96.8 97.1 104.9 101.9 103.7

Note: Totals may not sum due to independent rounding.
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Figure ES-7 during which NO is formed and emitted to the atmosphere.
1996 Sources of N ,O In 1996, NO emissions from nitric acid production were
P reom—— 3.8 MMTCE, or for 4 percent of U.S. @ emissions. From
Ay A 1990 to 1996, emissions from this source increased by 14
Adipic Acid percent as nitric acid production grew.

Stattanary Bounes

Mitric Acid Manure Management

wldas o il Edlpmiea

Manur= Managsment Nitrous oxide is produced as part of microbial deni-
Hurman Sawage F trification processes in managed and unmanaged manure,
Agricultien| Resiie Burning the latter of which is addressed under agricultural soil
e management. Total J® emissions from managed ma-
a 0 44 X nure systems in 1996 were 3.0 MMTCE, accounting for

3 percent of U.S. D emissions. Emission increased by
12 percent from 1990 to 1996, most of which can be

In 1996, agricultural soil management accoumedattributed to increased quantities of managed manure
for 68.6 MMTCE, or approximately 66 percent of U.S. from beef cattle in feedlots

N,O emissions. From 1990 to 1996, emissions from this
source increased by 10 percent as fertilizer consumptio®ther Sources
and cultivation of nitrogen fixing crops rose.

Other sources of JO included agricultural reside
burning, waste combustion, and human sewage in waste-
water treatment systems. In 1996, agricultural residue
burning and municipal solid waste combustion each emit-
United States is used to manufacture nylon. Adipic ad?ed approximately 0.1 MMTCE of JO. Although NO
is also used to produce some low-temperaiure IUbricantgmissions from wastewater treatment were not fully es-
and to add a “tangy” flavor to foods. timated because insufficient data was available, the hu-

In 1996, U.S. adipic acid production emitted 5.4 5 sewage component of domestic wastewater resulted
MMTCE of nitrous oxide, or 5 percent of U.Semis-  in emission of 2.3 MMTCE in 1996.

sions. By the end of 1997, all adipic acid production

plants in the United States are expected to ha@ecsn- HFCS, PFCs and SF. Emissions
trols in place that will almost eliminate emissions. (Half 6

of the plants had these controls in place and operating in  Hydrofluorocarbons (HFCs) and perfluorocarbons
1996.) From 1990 to 1996, emissions from this sourcgpFCs) are man-made chemicals that have been intro-
increased by 14 percent, as adipic acid production grewyced as alternatives to the ozone depleting substances,
o ) ) which are being phased out underNthentreal Protocol
Nitric Acid Production and Clean Air Act Amendments of 1990. Because HFCs
Nitric acid production is another industrial source and PFCs do not directly deplete to the stratospheric

of NZO emissions. Used primarily to make SynthetiC COMpzone |ayer, they are not controlled bmetreaj Pro-
mercial fertilizer, this raw material is also a major com-tgcol,

ponent in the production of adipic acid and explosives.

Adipic Acid Production

The majority of the adipic acid produced in the

However, many of these compounds, along with
Virtually all of the nitric acid manufactured in the sulfur hexafluoride (Sf, are potent greenhouse gases.
United States is produced by the oxidation of ammonigy addition to having high global warming potentials,
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Figure ES-8 Emissions from aluminum production were estimated to

1996 Sources of HFCs, PFCs, and SF | have decreased by 41 percent between 1990 and 1996

due to voluntary emission reductions efforts by the in-

EuiaiRution of Cizome dustry and falling domestic aluminum production.

Depleding Subsiancss
HCFC-22 ﬂrr.-m-::lwl HFC-23 is a by-product emitted during the pro-

Elactrical Transmission duction of HCFC-22. Emissions from this source were
and Distribution 8.5 MMTCE in 1996, and have decreased by 11 percent

e Frorion | ot ot Enaens | SINCE 1990,
r-trl;u.:::':m i | The semiconductor industry uses combinations of
Sereosibstor | HFCs, PFCs, and SFor plasma etching and chemical
Manulackusne | - vapor deposition processes. For 1996, it was estimated
LN M,:'TGEH W that the U.S. semiconductor industry emitted a total of

1.4 MMTCE. These gases were not widely used in the
SF, and most PFCs have extremely long atmospheric lifeindustry in 1990.
times, resulting in their essentially irreversible accumu- The primary use of SFs as a dielectric in electri-
lation in the atmosphere. Sulfur hexafluoride, itself, isga| transmission and distribution systems. Fugitive emis-
the most potent greenhouse gas the IPCC has evaluatgghns of SEoccur from leaks in and servicing of substa-
In addition to their use as substitutes for ozone detions and circuit breakers, especially from older equip-
pleting substances, the other industrial sources of thesgent. Estimated emissions from this source increased
gases are aluminum production, HCFC-22 productionpy 25 percent from 1990, to 7.0 MMTCE in 1996.
semiconductor manufacturing, electrical transmission and SF, is also used as a protective covergas for the cast-
distribution, and magnesium production and processingng of molten magnesium. Estimated emissions from pri-
Table ES-9 presents emission estimates for HFCs, PFG$ary magnesium production and magnesium casting were

and SF; which totaled 34.7 MMTCE in 1996. 3.0 MMTCE in 1996, and increased of percent since 1990.
Substitution of Ozone Depleting Criteria Pollutant Emissions
Substances

The use and subsequent emissions of HFCs and PFCs  In the United States, carbon monoxide (CO), ni-
as ODS substitutes increased dramatically from smatrogen oxides (NQ, nonmethane volatile organic com-
amounts in 1990 to 11.9 MMTCE in 1996. This increasgoounds (NMVOCs), and sulfur dioxide (§Gre com-
was the result of efforts to phase-out CFCs and other ODSsonly referred to as “criteria pollutants,” as termed in
in the United States, especially the introduction of HFCthe Clean Air Act. Carbon monoxide is produced when
134a as a CFC substitute in refrigeration applications. Thisarbon containing fuels are combusted incompletely.
trend is expected to continue for many years, and will acNitrogen oxides (i.e., NO and Nfoare created by light-
celerate in the early part of the next century as HCFCs, whiahing, fires, fossil fuel combustion, and in the stratosphere
are interim substitutes in many applications, are themselvégom nitrous oxide. NMVOCs—which include such com-
phased-out under the provisions of the Copenhagen Amengdeunds as propane, butane, and ethane—are emitted pri-
ments to thélontreal Protocol. marily from transportation, industrial processes, and non-

industrial consumption of organic solvents. In the United
Other Industrial Sources States, SQis primarily emitted from the combustion of

HFCs, PFCs, and SBre also emitted from a num- fossil fuels and by the metals industry.
ber of other industrial processes. During the production In part because of their contribution to the forma-
of primary aluminum, two PFCs (Gand GF) are emit-  tion of urban smog (and acid rain in the case of) SO
ted as intermittent by-products of the smelting procesgyiteria pollutants are regulated under the Clean Air Act.

ES-16 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-1996



Table ES-9: Emissions of HFCs, PFCs, and SF, (MMTCE)

Source 1990 1991 1992 1993 1994 1995 1996
Substitution of Ozone Depleting Substances 0.3 0.3 0.4 1.4 4.0 9.5 11.9
Aluminum Production 4.9 4.7 4.1 3.5 2.8 2.7 2.9
HCFC-22 Production 9.5 8.4 9.5 8.7 8.6 7.4 8.5
Semiconductor Manufacture 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Electrical Transmission and Distribution 5.6 5.9 6.2 6.4 6.7 7.0 7.0
Magnesium Production and Processing 1.7 2.0 2.2 2.5 2.7 3.0 3.0
Total 22.2 21.6 23.0 23.4 25.9 30.8 34.7

Note: Totals may not sum due to independent rounding.

These gases also indirectly affect the global climate bgpheric concentrations of CO limit the number of hy-
reacting with other chemical compounds in the atmodroxyl molecules (OH) available to destroy methane.

sphere to form compounds that are greenhouse gases.  Since 1970, the United States has published esti-
Unlike other criteria pollutants, S@mitted into the at- mates of annual emissions of criteria pollutants (EPA
mosphere is believed to affect the Earth’s radiative budt997). Table ES-11 shows that fuel combustion accounts
get negatively; therefore, it is discussed separately.  for the majority of emissions of these gases. Fossil fuel

The most important of the indirect climate changecombustion by mobile sources emitted approximately 83
effects of criteria pollutants is their role as precursors opercent of U.S. CO emissions in 1996. Mobile sources
tropospheric ozone. In this role, they contribute to ozonalso emitted roughly half of U.S. N@nd NMVOC emis-
formation and alter the atmospheric lifetimes of othersions. Industrial processes—such as the manufacture of
greenhouse gases. For example, CO interacts with tlebemical and allied products, metals processing, and in-
hydroxyl radical-the major atmospheric sink for meth-dustrial uses of solvents—were also significant sources
ane emissions—to form COTherefore, increased atmo- of CO, NQ, and NMVOCs.
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Emissions of Ozone Depleting Substances

Chlorofluorocarbons (CFCs) and other halogenated compounds were first emitted into the atmosphere this century. This family of
man-made compounds includes CFCs, halons, methyl chloroform, carbon tetrachloride, methyl bromide, and
hydrochlorofluorocarbons (HCFCs). These substances have been used in a variety of industrial applications, including refrigera-
tion, air conditioning, foam blowing, solvent cleaning, sterilization, fire extinguishing, coatings, paints, and aerosols.

Because these compounds have been shown to deplete stratospheric o0zone, they are typically referred to as ozone depleting
substances (ODSs). In addition, they are potent greenhouse gases.

Recognizing the harmful effects of these compounds on the ozone layer, in 1987 many governments signed the Montreal Protocol
on Substances that Deplete the Ozone Layer to limit the production and importation of a number of CFCs and other halogenated
compounds. The United States furthered its commitment to phase-out ODSs by signing and ratifying the Copenhagen Amend-
ments to the Montreal Protocol in 1992. Under these amendments, the United States committed to ending the production and
importation of halons by 1994, and CFCs by 1996.

The IPCC Guidelines do not include reporting instructions for estimating emissions of ODSs because their use is being phased-out
under the Montreal Protocol. The United States believes, however, that a greenhouse gas emissions inventory is incomplete
without these emissions; therefore, estimates for several Class | and Class || ODSs are provided in Table ES-10. Compounds are
classified by class according to their ozone depleting potential. Class | compounds are the primary ODSs; Class Il compounds
include partially halogenated chlorine compounds (HCFCs), some of which were developed as interim replacements for CFCs.
Because these HCFC compounds are only partially halogenated, their hydrogen-carbon bonds are more vulnerable to oxidation in
the troposphere and, therefore, pose only one-tenth to one-hundredth the threat to stratospheric ozone compared to CFCs.

It should be noted that the effects of these compounds on radiative forcing are not provided. Although many ODSs have relatively
high direct GWPs, their indirect effects from ozone-also a greenhouse gas—destruction are believed to have negative radiative
forcing effects, and therefore could significantly reduce the overall magnitude of their radiative forcing effects. Given the uncertain-
ties surrounding the net effect of these gases, emissions are reported on an unweighted basis.

Table ES-10: Emissions of Ozone Depleting Substances (Mg)

Compound 1990 1991 1992 1993 1994 1995 1996
Class |
CFC-11 53,500 48,300 45,100 45,400 36,600 36,200 26,600
CFC-12 112,600 103,500 80,500 79,300 57,600 51,800 35,500
CFC-113 26,350 20,550 17,100 17,100 8,550 8,550 +
CFC-114 4,700 3,600 3,000 3,000 1,600 1,600 300
CFC-115 4,200 4,000 3,800 3,600 3,300 3,000 3,200
Carbon Tetrachloride 32,300 31,000 21,700 18,600 15,500 4,700 +
Methyl Chloroform 158,300 154,700 108,300 92,850 77,350 46,400 +
Halon-1211 1,000 1,100 1,000 1,100 1,000 1,100 1,100
Halon-1301 1,800 1,800 1,700 1,700 1,400 1,400 1,400
Class Il
HCFC-22 79,789 79,540 79,545 71,224 71,386 74,229 77,472
HCFC-123 + + 285 570 844 1,094 1,335
HCFC-124 + + 429 2,575 4,768 5,195 5,558
HCFC-141b + + + 1,909 6,529 11,608 14,270
HCFC-142b + + 3,526 9,055 14,879 21,058 27,543
HCFC-225cal/ch + + + + + 565 579

Source: EPA Office of Air and Radiation estimates
+ Does not exceed 10 Mg
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Table ES-11: Emissions of NO,, CO, NMVOCs, and SO, (Gg)

Gas/Activity 1990 1991 1992 1993 1994 1995 1996
NO, 21,612 21,594 21,929 22,235 22,616 21,742 21,254
Stationary Fossil Fuel Combustion 9,881 9,777 9,912 10,077 9,990 9,820 9,518
Mobile Fossil Fuel Combustion 10,554 10,788 10,975 11,145 11,445 10,884 10,688
Oil and Gas Activities 139 110 134 111 106 100 100
Industrial Processes 923 802 784 760 933 815 821
Solvent Use 1 2 2 2 2 3 3
Agricultural Burning 30 30 34 27 37 30 34
Waste 83 86 87 112 103 89 91
(00) 83,732 85,390 82,427 82,381 86,475 77,216 76,435
Stationary Fossil Fuel Combustion 4,998 5,312 5,582 5,067 5,006 5,382 5,407
Mobile Fossil Fuel Combustion 67,101 70,865 69,158 69,668 71,402 64,363 63,455
Oil and Gas Activities 302 313 337 337 307 316 316
Industrial Processes 9,580 7,166 5,480 5,500 7,787 5,370 5,379
Solvent Use 4 4 5 4 5 5 5
Agricultural Burning 768 718 833 674 858 704 783
Waste 979 1,012 1,032 1,133 1,111 1,075 1,091
NMVOCs 18,768 18,872 18,501 18,681 19,264 18,385 17,020
Stationary Fossil Fuel Combustion 912 975 1,010 901 897 973 975
Mobile Fossil Fuel Combustion 7,997 8,167 7,822 7,878 8,184 7,380 7,192
Oil and Gas Activities 555 581 574 588 587 582 469
Industrial Processes 3,193 2,997 2,825 2,907 3,057 2,873 2,299
Solvent Use 5,217 5,245 5,353 5,458 5,590 5,609 5,691
Agricultural Burning NA NA NA NA NA NA NA
Waste 895 907 916 949 949 968 393
SO, 21,379 20,752 20,554 20,196 19,633 17,165 17,673
Stationary Fossil Fuel Combustion 18,407 17,959 17,684 17,459 17,134 14,724 15,228
Mobile Fossil Fuel Combustion 1,237 1,222 1,267 1,166 965 947 946
Oil and Gas Activities 390 343 377 347 344 334 334
Industrial Processes 1,306 1,187 1,186 1,159 1,135 1,116 1,122
Solvent Use + + + 1 1 1 1
Agricultural Burning NA NA NA NA NA NA NA
Waste 38 40 40 65 54 43 43

Source: (EPA 1997)

+ Does not exceed 0.5 Gg

NA (Not Available)

Note: Totals may not sum due to independent rounding.

Sources and Effects of Sulfur Dioxide

Sulfur dioxide (SO,) emitted into the atmosphere through natural and anthropogenic processes affects the Earth's radiative budget
through its photochemical transformation into sulfate aerosols that can (1) scatter sunlight back to space, thereby reducing the
radiation reaching the Earth’s surface; (2) affect cloud formation; and (3) affect atmospheric chemical composition (e.g., strato-
spheric ozone, by providing surfaces for heterogeneous chemical reactions). The overall effect of SO, derived aerosols on radiative
forcing is believed to be negative (IPCC 1996). However, because SO, is short-lived and unevenly distributed in the atmosphere,
its radiative forcing impacts are highly uncertain.

Sulfur dioxide is also a major contributor to the formation of urban smog, which can cause significant increases in acute and
chronic respiratory diseases. Once SO, is emitted, it is chemically transformed in the atmosphere and returns to the Earth as the
primary source of acid rain. Because of these harmful effects, the United States has regulated SO, emissions in the Clean Air Act.

Electric utilities are the largest source of SO, emissions in the United States, accounting for 66 percent in 1996. Coal combustion
contributes nearly all of those emissions (approximately 96 percent). SO, emissions have significantly decreased in recent years,
primarily as a result of electric utilities switching from high sulfur to low sulfur coal.

Executive Summary ES-19



1. Introduction

T his report presents estimates by the United States government of U.S. anthropogenic greenhouse gas emis
sions and sinks for the years 1990 through 996summary of these estimates is provided in Table 1-2

and Table 1-3 by gas and source category. The emission estimates in these tables are presented on both a full molecu
lar mass basis and on a Global Warming Potential (GWP) weighted basis in order to show the relative contribution of
each gas to global average radiative foréh@his report also discusses the methods and data used to calculate these
emission estimates.

In June of 1992, the United States signed the United Nations Framework Convention on Climate Change (FCCC).
The objective of the FCCC is “to achieve...stabilization of greenhouse gas concentrations in the atmosphere at a level
that would prevent dangerous anthropogenic interference with the climate sy&tem.”

Parties to the Convention, by signing, make commitments “to develop, periodically update, publish and make
available...national inventories of anthropogenic emissions by sources and removals by sinks of all greenhouse gases
not controlled by the Montreal Protocol, using comparable methodologieShe’United States views this report as
an opportunity to fulfill this commitment under FCCC.

In 1988, preceding the creation of the FCCC, the Intergovernmental Panel on Climate Change (IPCC) was
jointly established by the World Meteorological Organization (WMO) and the United Nations Environment Programme
(UNEP). The charter of the IPCC is to assess available scientific information on climate change, assess the environ-
mental and socio-economic impacts of climate change, and formulate response strategies (IPCC 1996). Under Work-
ing Group 1 of the IPCC, nearly 140 scientists and national experts from more than thirty countries corroborated in
the creation of th&evised 1996 IPCC Guidelines for National Greenhouse Gas Inventii?e€/UNEP/OECD/

IEA 1997) to ensure that the emission inventories submitted to the FCCC are consistent and comparable across
sectors and between nations. Revised 1996 IPCGuidelineswere accepted by the IPCC at its Twelfth Session
(Mexico City, 11-13 September 1996). The information provided in this inventory is presented in accordance with
these guidelines, unless otherwise noted. Additionally, in order to fully comply wiRethised 1996 IPCGuide-

lines the United States has provided a copy of the IPCC reporting tables in Annex N and in Annex O estimates of
carbon dioxide emissions from fossil fuel combustion using the IPCC Reference Approach.

Preliminary U.S. greenhouse gas emission estimates for the year 1997 are also provided in Annex P.
See the section below entitl&dobal Warming Potential Concejfor an explanation of GWP values.
See the section below entitlé¢hat is Climate Changefdr an explanation of radiative forcing.

The term “anthropogenic”, in this context, refers to greenhouse gas emissions and removals that are a direct resudtobivhienar are
the result of natural processes that have been affected by human activities (IPCC/UNEP/OECD/IEA 1997).

5 Article 2 of the Framework Convention on Climate Change published by the UNEP/WMO Information Unit on Climate Change.

6 Article 4 of the Framework Convention on Climate Change published by the UNEP/WMO Information Unit on Climate Change (also
identified in Article 12).
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Overall, the purpose of an inventory of anthropo- Under the United Nations FCCC, the definition of
genic greenhouse gas emissions is (1) to provide a bagiBmate change is “a change of climate which is attrib-
for the ongoing development of methodologies for esti-uted directly or indirectly to human activity that alters
mating sources and sinks of greenhouse gases; (2) to ptbhe composition of the global atmosphere and which is
vide a common and consistent mechanism through whicim addition to natural climate variability observed over
Parties to the FCCC can estimate emissions and corsemparable time period$."Given that definition, in its
pare the relative contribution of individual sources, gasesl 995 assessment of the science of climate change, the
and nations to climate change; and (3) as a prerequisitCC concluded that:

for evaluating the cost-effectiveness and feasibility of pur- Human activities are changing the atmospheric

suing possible mitigation strategies. concentrations and distributions of greenhouse gases and
aerosols. These changes can produce a radiative forc-

What iS C”mate Change? ing by changing either the reflection or absorption of

solar radiation, or the emission and absorption of ter-
The Earth naturally absorbs and reflects incomingggtrial radiation (IPCC 1996).

solar radiation and emits longer wavelength terrestrial The IPCC went on to report in its assessment that
(thermal) radiation back into space. On average, the att)ﬁe “

T . [g]lobal mean surface temperature [of the Earth] has
sorbed solar radiation is balanced by the outgoing teri'ncreased by between about 0.3 and 0.6 °C since the late
restrial radiation emitted to space. A portion of this ter

19" century...” (IPCC 1996) and finally concluded with
restrial radiation, though, is itself absorbed by gases iﬂ1e following statement:

the atmosphere. The energy from this absorbed terres-

) L , Our ability to quantify the human influence on glo-
trial radiation warms the Earth’s surface and atmosphere, . o ,
. . j Pal climate is currently limited because the expected sig-
creating what is known as the “natural greenhouse ef-

Y . ) nal is still emerging from the noise of natural variability,
fect.” Without the natural heat-trapping properties of o
. and because there are uncertainties in key factors. These
these atmospheric gases, the average surface tempera-

include the magnitude and patterns of long term natural
ture of the Earth would be aboutr@4ower (IPCC 1996). o . ) )
variability and the time-evolving pattern of forcing by,

Although the Earth’s atmosphere consists malnlyand response to, changes in concentrations of greenhouse

of oxygen and nitrogen, neither play a significant role mgases and aerosols, and land surface changes. Never-

this greenhouse effect because both are essentially tra@ﬁéless, the balance of the evidence suggests that there is

parent to terrestrial radiation. The greenhouse effect ii discernable human influence on global cimARCC
primarily a function of the concentration of water vapor,lg%)

carbon dioxide, and other trace gases in the atmosphere
that absorb the terrestrial radiation leaving the surface ‘Greenhouse Gases
the Earth (IPCC 1996). Changes in the atmospheric con

centrations of these greenhouse gases can alter the bal-  ~jimate change can be driven by changes in the

ance of energy transfers between the atmospherg, SPa%fmospheric concentrations of a number of radiatively
land, and the oceans. A gauge of these changes is callgd; e gases and aerosols. We have clear evidence that

radiative forcing, which is a simple measure of changeg, man activities have affected concentrations, distribu-
in the energy available to the Earth-atmosphere systeff}, s and Jife cycles of these gagtRCC 1996).
(IPCC 1996). Holding everything else constant, increases

_ ) ) ) Naturally occurring greenhouse gases include wa-
in greenhouse gas concentrations in the atmosphere W{” o .

- o o ) _ter vapor, carbon dioxide (G methane (CF}, nitrous
produce positive radiative forcing (i.e., a net increase in

_ oxide (NO), and ozone (). Several classes of haloge-
the absorption of energy by the Earth).

7 Article 1 of the Framework Convention on Climate Change published by the UNEP/WMO Information Unit on Climate Change.
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nated substances that contain fluorine, chlorine, or brandividual gases as a measure of their relative average
mine are also greenhouse gases, but they are, for the mgitbal radiative forcing effect.

part, emitted solely by human activities. Chlorofluoro- Water Vapor (HO). Overall, the most abundant
carbons (CFCs) and hydrochlorofluorocarbons (HCFCsjnd dominant greenhouse gas in the atmosphere is water
are halocarbons that contain chlorine, while halocarbongapor. Water vapor is neither long-lived nor well-mixed
that contain bromine are referred to as halons. Othgp the atmosphere, varying spatially from 0 to 2 percent
fluorine containing halogenated substances includ@ipcc 1996). In addition, atmospheric water can exist
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs)in several physical states including gaseous, liquid, and
and sulfur hexafluoride (§F There are also several gasessolid. Human activities are not believed to directly af-
that, although they do not have a direct radiative forcingect the average global concentration of water vapor;
effect, do influence the formation and destruction ofhowever, the radiative forcing produced by the increased
ozone, which does have such a terrestrial radiation algoncentrations of other greenhouse gases may indirectly
sorbing effect. These gases—referred to here as 0zogect the hydrologic cycle. A warmer atmosphere has
precursors—include carbon monoxide (CO), oxides ofan increased water holding capacity; yet, increased con-
nitrogen (NQ), and nonmethane volatile organic com- centrations of water vapor affects the formation of clouds,
pounds (NMVOCs}. Aerosols—extremely small par- which can both absorb and reflect solar and terrestrial
ticles or liquid droplets often produced by emissions ofadiation.

sulfur dioxide (SQ—can also affect the absorptive char-
acteristics of the atmosphere.

Carbon Dioxide (CQ). In nature, carbon is cycled
between various atmospheric, oceanic, land biotic, ma-

Carbon dioxide, methane, and nitrous oxide argjne biotic, and mineral reservoirs. The largest fluxes
continuously emitted to and removed from the atmoopccur between the atmosphere and terrestrial biota, and
sphere by natural processes on Earth. Anthropogenigetween the atmosphere and surface water of the oceans.
activities, however, can cause additional quantities ofn the atmosphere, carbon predominantly exists in its
these and other greenhouse gases to be emitted or ggidized form as CQ Atmospheric carbon dioxide is
questered, thereby changing their global average atmerart of this global carbon cycle, and therefore its fate is a
spheric concentrations. Natural activities such as resptomplex function of geochemical and biological pro-
ration by plants or animals and seasonal cycles of plalesses. Carbon dioxide concentrations in the atmosphere,
growth and decay are examples of processes that onks of 1994, increased from approximately 280 parts per
cycle carbon or nitrogen between the atmosphere anghillion by volume (ppmv) in pre-industritimes to 358
organic biomass. Such processes—except when directyphmy, a more than 25 percent increase (IPCC 1996).
or indirectly perturbed out of equilibrium by anthropo- The IPCC has stated that “[t]here is no doubt that this
genic activities—generally do not alter average atmoincrease is largely due to human activities, in particular
spheric greenhouse gas concentrations over decadwksil fuel combustion...” (IPCC 1996). Forest clearing,
timeframes. Climatic changes resulting from anthropoopther biomass burning, and some non-energy production

genic activities, however, could have positive or negaprocesses (e.g., cement production) also emit notable
tive feedback effects on these natural systems. quantities of carbon dioxide.

A brief description of each greenhouse gas, its  |n its latest scientific assessment, the IPCC also
sources, and its role in the atmosphere is given belowtated that “[t]he increased amount of carbon dioxide [in
The following section then explains the concept of Glothe atmosphere] is leading to climate change and will
bal Warming Potentials (GWPs), which are assigned t@roduce, on average, a global warming of the Earth’s

8 Also referred to in the U.S. Clean Air Act as “criteria pollutants.”
9 The pre-industrial period is defined as the time preceding the year 1750 (IPCC 1996).

10 carbon dioxide concentrations during the last 1,000 years of the pre-industrial period (1650-1750), a time of relagvstathitits,
fluctuated by about £10 ppmv around 280 ppmv (IPCC 1996).
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surface because of its enhanced greenhouse effect—éie pre-industrial period and is most likely due to an-
though the magnitude and significance of the effects arropogenic activities (IPCC 1996). Nitrous oxide is re-
not fully resolved” (IPCC 1996). moved from the atmosphere primarily by the photolytic

Methane (CH). Methane is produced through action of sunlight in the stratosphere.
anaerobic decomposition of organic matter in biological Ozone (Q). Ozone is present in both the strato-
systems. Agricultural processes such as wetland ricgpherel! where it shields the Earth from harmful levels
cultivation, enteric fermentation in animals, and the deof ultraviolet radiation, and at lower concentrations in
composition of animal wastes emit Clds does the de- the troposphefg where it is the main component of an-
composition of municipal solid wastes. Methane is alsdhropogenic photochemical “smog”. During the last two
emitted during the production and distribution of naturaldecades, emissions of anthropogenic chlorine and bro-
gas and petroleum, and is released as a by-product ofine-containing halocarbons, such as chlorofluorocar-
coal mining and incomplete fossil fuel combustion. Thebons (CFCs), have depleted stratospheric ozone concen-
average global concentration of methane in the atmarations. This loss of ozone in the stratosphere has re-
sphere was 1,720 parts per billion by volume (ppbv) insulted in negative radiative forcing, representing an in-
1994, a 145 percent increase from the pre-industrial cortlirect effect of anthropogenic emissions of chlorine and
centration of 700 ppbv (IPCC 1996). Itis estimated thabromine compounds (IPCC 1996).

60 to 80 percent of current Gldmissions are the result Tropospheric ozone, which is also a greenhouse
of anthropogenic activities. Carbon isotope measuregas, is produced from the oxidation of methane and from
ments indicate that roughly 20 percent of methane emiseactions with precursor gases such as carbon monoxide
sions are from fossil fuel consumption, and an equal pe{co), nitrogen oxides (N® and non-methane volatile
centage is produced by natural wetlands, which will likelyorganic compounds (NMVOCs). This latter group of
increase with rising temperatures and rising microbiabzone precursors are included in the category referred to
action (IPCC 1996). as “criteria pollutants” in the United States under the

Methane is removed from the atmosphere by reClean Air Act® and its subsequent amendments. The
acting with the hydroxyl radical (OH) and is ultimately tropospheric concentrations of both ozone and these pre-
converted to CQ Increasing emissions of methane, cursor gases are short-lived and, therefore, spatially vari-
though, reduces the concentration of OH, and therebgble.

the rate of further methane removal (IPCC 1996). Halocarbons Halocarbons are for the most part
Nitrous Oxide (NO). Anthropogenic sources of man-made chemicals that have both direct and indirect
N,O emissions include agricultural soils, especially theradiative forcing effects. Halocarbons that contain chlo-
use of synthetic and manure fertilizers; fossil fuel com+ine—chlorofluorocarbons (CFCs), hydrochlorofluoro-
bustion, especially from mobile sources; adipic (nylon)carbons (HCFCs), methyl chloroform, and carbon tetra-
and nitric acid production; wastewater treatment andahloride—and bromine—halons and methyl bromide—
waste combustion; and biomass burning. The atmoresult in stratospheric ozone depletion and are therefore
spheric concentration of nitrous oxide, in 1994 was  controlled under thélontreal Protocol on Substances
about 312 parts per billion by volume (ppbv), while pre-that Deplete the Ozone LayeAlthough CFCs and
industrial concentrations were roughly 275 ppbv. TheHCFCs include potent global warming gases, their net
majority of this 13 percent increase has occurred afteradiative forcing effect on the atmosphere is reduced be-

11 The stratosphere is the layer from the troposphere up to roughly 50 kilometers. In the lower regions the temperdjucernstaaa but
in the upper layer the temperature increases rapidly because of sunlight absorption by the ozone-layer. The ozone-fmrtroisthiee
stratosphere from 19 kilometers up to 48 kilometers where the concentration of ozone reaches up to 10 parts per million.

12 The troposphere is the layer from the ground up to 11 kilometers near the poles and up to 16 kilometers in equatsr{akregien
lowest layer of the atmosphere where people live). It contains roughly 80 percent of the mass of all gases in the atmdaspthersite for
most weather processes, including most of the water vapor and clouds.

13 [42 U.S.C § 7408, CAA § 108]
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cause they cause stratospheric ozone depletion, whichsphere, it is eventually oxidized to COCarbon mon-
itself an important greenhouse gas in addition to shieldexide concentrations are both short-lived in the atmo-
ing the Earth from harmful levels of ultraviolet radia- sphere and spatially variable.

tion. Under theMontreal Protoco] the United States Nitrogen Oxides (NQ. The primary climate

phased-out the production and importation of halons byhange effects of nitrogen oxides (i.e., NO and)N@e
1994 and of CFCs by 1996. Under the Copenhagefndirect and result from their role in promoting the for-
Amendments to th@rotocol a cap was placed on the mation of tropospheric, and to a lesser degree, lower
production and importation of HCFCs by non-Articté 5 siratospheric, ozone. (N@missions injected higher in
countries beginning in 1996, and then followed by a comthe stratosphetecan lead to stratospheric ozone deple-
plete phase-out by the year 2030. The ozone depletingn.). Nitrogen oxides are created from lightning, soil
gases covered under tiontreal Protocoland its  mjcrobial activity, biomass burning (both natural and
Amendments are not covered by the FCCC; howevegnthropogenic fires), fossil fuel combustion, and, in the
they are reported in this inventory under Annex K. stratosphere, from nitrous oxide {b). Concentrations
Perfluorocarbons (PFCs), hydrofluorocarbonsof NO, are both relatively short-lived in the atmosphere
(HFCs), and sulfur hexafluoride (gFare not ozone de- and spatially variable.
pleting substances, and therefore are not covered under  Nonmethane Volatile Organic Compounds

the Montreal Protocol They are, however, powerful (NMVOCs) Nonmethane volatile organic compounds
greenhouse gases. HFCs—primarily used as replacgclude compounds such as propane, butane, and ethane.
ments for ozone depleting substances but also emitted #hese compounds participate, along with N@the for-

a by-product of the HCFC-22 manufacturing process—mation of tropospheric ozone and other photochemical
currently have a small aggregate radiative forcing imopxidants. NMVOCs are emitted primarily from trans-
pact; however, it is anticipated that their contribution toportation and industrial processes, as well as biomass
overall radiative forcing will increase (IPCC 1996). PFCspyrning and non-industrial consumption of organic sol-
and SE are predominantly emitted from various indus-vents. Concentrations of NMVOCs tend to be both short-

trial processes including aluminum smelting, semicon{jved in the atmosphere and spatially variable.
ductor manufacturing, electric power transmission and

distribution, and magnesium casting. Currently, the ra
diative forcing impact of PFCs, and SBE also small;

Aerosols Aerosols are extremely small particles
or liquid droplets found in the atmosphere. They can be
produced by natural events such as dust storms and vol-
however, because they have extremely long atmospherig, i activity or by anthropogenic processes such as fuel
lifetimes, their concentrations tend to irreversibly accu-.ompustion. Their effect upon radiative forcing is to both
mulate in the atmosphere. absorb radiation and to alter cloud formation, thereby
Carbon Monoxide (CO) Carbon monoxide has affecting the reflectivity (i.e., albedo) of the Earth. Aero-
an indirect radiative forcing effect by elevating concen-sols are removed from the atmosphere primarily by pre-
trations of CH and tropospheric ozone through chemi-cipitation, and generally have short atmospheric lifetimes.

cal reactions with other atmospheric constituents (e.gLike ozone precursors, aerosol concentrations and com-
the hydroxyl radical) that would otherwise assist in deposition vary by region (IPCC 1996).

stroying CH and tropospheric ozone. Carbon monox- Anthropogenic aerosols in the troposphere are pri-

ide is created when carbon-containing fuels are bumefharily the result of sulfur dioxide (SJ* emissions from
incompletely. Through natural processes in the atmog,gij fyel and biomass burning. Overall, aerosols tend

14 Article 5 of theMontreal Protocolcovers several groups of countries, especially developing countries, with low consumption rates of
ozone depleting substances. Developing countries with per capita consumption of less than 0.3 kg receive financialaasbiatgraee
period of ten additional years in the phase-out of ozone depleting substances.

15 Primarily from fuel combustion emissions from high altitude aircraft.
16 sylfur dioxide is a primary anthropogenic contributor to the formation of “acid rain” and other forms of atmospherip@sittbde
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to produce a negative radiative forcing effect (i.e., net GWP values allow policy makers to compare the im-
cooling effect on the climate), although because they angacts of emissions and reductions of different gases. Ac-
short-lived in the atmosphere—Ilasting days to weeks—eording to the IPCC, GWPs typically have an uncertainty
their concentrations respond rapidly to changes in emisf £35 percent. The parties to the FCCC have also agreed
sions!” Locally, the negative radiative forcing effects of to use GWPs based upon a 100 year time horizon although
aerosols can offset the positive forcing of greenhousether time horizon values are available (see Table 1-1).
gases (IPCC 1996). “However, the aerosol effects do  |n addition to communicating emissions in units of

not cancel the glObal'Scale effects of the much |Ongermass’ Parties may choose also to use g|oba| Warming
lived greenhouse gases, and significant climate changggtentials (GWPs) to reflect their inventories and pro-
can still result” (IPCC 1996). Emissions of sulfur diox- jections in carbon dioxide-equivalent terms, using infor-

ide are provided in Annex L of this report. mation provided by the Intergovernmental Panel on Cli-
. ) mate Change (IPCC) in its Second Assessment Report.
Global Warming Potentials Any use of GWPs should be based on the effects of the

greenhouse gases over a 100-year time horizon. In ad-
The Global Warming Potential (GWP) is intended gjtion, Parties may also use other time horizéns.
as a quantified measure of the relative radiative forcing

impacts of various greenhouse gases. Itis defined as the
cumulative radiative forcing—both direct and indirect Table 1-1: Global Warming Potentials and
effects—over a specified time horizon resulting from the Atmospheric Lifetimes (Years)

emission of a unit mass of gas relative to some referenc gas Atmospheric Lifetime GWPe
gas (IPCC 1996). Direct effects occur when the gas it Carbon dioxide (CO) 50-200 1
self is a greenhouse gas. Indirect radiative forcing oc  Methane (CH,)° 12+3 21
curs when chemical transformations involving the origi-  Nitrous oxide (N,0) 120 310
HFC-23 264 11,700
nal gas produces a gas or gases that are greenhouse gé  prc.125 326 2.800
or when a gas influences the atmospheric lifetimes o HFC-134a 14.6 1,300
: : HFC-143a 48.3 3,800
other gases. The refere?ncle gas used ig (DO/vruch. . HFC-152a 1E 140
case GWP weighted emissions are measured in millio HFc-227ea 36.5 2,900
metric tons of carbon equivalents (MMTCE). Carbon HFC-236fa 209 6,300
. J44ths of bon dioxide b iah HFC-4310mee 17.1 1,300
comprises 12/44ths of carbon dioxide by weight. In or- CF, 50,000 6,500
der to convert emissions reported in teragrams (Tg) of CF, 10,000 9,200
gas to MMTCE, the following equation is used: CF g*ggg ;*288
2 6 14 1 1
MMTCE = (Tgof gagx (GWP)x H2H SF, 3,200 23,900
where 340
! Source: (IPCC 1996)

MMTCE = Million Metric Tons of Carbon Equivalents | 100 year time horizon .
® The methane GWP includes the direct effects and those

Tg = Teragrams (equivalent to million metric tons) indirect effects due to the production of tropospheric ozone
) . and stratospheric water vapor. The indirect effect due to the
GWP = Global Warming Potential production of CO, is not included.

EU-_ZE: Carbon to COmolecular weight ratio.
440

17 volcanic activity can inject significant quantities of aerosol producing sulfur dioxide and other sulfur compounds stritdbehere,

which can result in a longer negative forcing effect (i.e., a few years) (IPCC 1996).

18 Eramework Convention on Climate Change; FCCC/CP/1996/15/Add.1; 29 October 1996; Report of the Conference of the Farties on It
Second Session; Held at Geneva from 8 To 19 July 1996; Addendum; Part Two: Action Taken By The Conference Of The P&é&esrit Its
Session; Decision 9/CP.2; Communications from Parties included in Annex | to the Convention: guidelines, schedule afal pmtsds

eration; Annex: Revised Guidelines for the Preparation of National Communications by Parties Included in Annex | to thierCgnveh
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Greenhouse gases with long atmospheric IifetimeChaptel’/SeCtor . Overview of emission trends
(e.g., CQ, CH, N,O, HFCs, PFCs, and gRend to be for sector
evenly distributed throughout the atmosphere, and conse-  Source : Description of source pathway and emis-
quently global average concentrations can be determined.  sjon trends from 1990 through 1996
The short-lived gases such as water vapor, tropospheric
ozone, ozone precursors (e.g., NOO, and NMVOCs),
and tropospheric aerosols (e.g., B@ducts), however, vary
regionally, and consequently it is difficult to quantify their
global radiative forcing impacts. No GWP values are at-
tributed to gases that are short-lived and spatially inhomo-
geneous in the atmosphere. Other greenhouse gases not
yet listed by the Intergovernmental Panel on Climate Change
(IPCC), but are already or soon will be in commercial use

include: HFC-245fa, hydrofluoroethers (HFES), and nitro- Special attention is given to carbon dioxide from
gen trifluoride (NE)- fossil fuel combustion relative to other sources because

of its share of emissions relative to other sources. For it,

Organization Of Report each energy consuming end-use is treated individually.
Additional information is also provided in the Annexes

In accordance with the IPCC guidelines for report-(S€€ box on following page).
ing contained in th®evised 1996 IPCC Guidelines for .
National Greenhouse Gas Inventorid® CC/UNEP/ Recent Trends InU.S.
OECD/IEA 1997), this U.S. inventory of greenhouse gasGreenhouse Gas Emissions
emissions is segregated into six sector-specific chapters,
listed below: Total U.S. greenhouse gas (GHG) emissions rose
Within each chapter, emissions are identified byin 1996 to 1,788.0 MMTCE (9.5 percent above 1990
the anthropogenic activity that is the source of the greefaseline levels). The largest single year increase in emis-
house gas emissions being estimated (e.g., coal miningions over this time period was registered in 1996 (57.0
Overall, the following organizational structure is consis-MMTCE or 3.3 percent) (see Figure 1-1).
tently applied throughout this report:

— Methodology: Description of analytical meth-
ods employed to produce emission estimates

— Data Sources: Identification of primary data
references, primarily for activity data and emis-
sion factors

— Uncertainty: Discussion of relevant issues re-

lated to the uncertainty in the emission estimates
presented

Sectors Activities Included

Energy Emissions of all greenhouse gases resulting from stationary and mobile energy
activities including fuel combustion and fugitive fuel emissions.

Industrial Processes By-product or fugitive emissions of greenhouse gases from industrial processes not
directly related to energy activities such as fossil fuel combustion.

Solvent Use Emissions, of primarily non-methane volatile organic compounds (NMVOCs),
resulting from the use of solvents.

Agriculture Anthropogenic emissions from agricultural activities except fuel combustion and
sewage emissions, which are addressed under the Energy and Waste sectors,
respectively.

Land-Use Change and Forestry Emissions and removals from forest and land-use change activities, primarily carbon
dioxide.

Waste Emissions from waste management activities.

Source: (IPCC/UNEP/OECDI/IEA 1997)
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ANNEX A Methodology for Estimating Emissions of CO, from Fossil Fuel Combustion

ANNEX B Methodology for Estimating Emissions of CH,, N,O, and Criteria Pollutants from Stationary Combustion
ANNEX C Methodology for Estimating Emissions of CH,, N,O, and Criteria Pollutants from Mobile Combustion
ANNEX D Methodology for Estimating Methane Emissions from Coal Production

ANNEX E Methodology for Estimating Methane Emissions from Natural Gas Systems

ANNEX F Methodology for Estimating Methane Emissions from Petroleum Systems

ANNEX G Methodology for Estimating Methane Emissions from Enteric Fermentation

ANNEXH Methodology for Estimating Methane Emissions from Manure Management

ANNEX | Methodology for Estimating Methane Emissions from Landfills

ANNEXJ Global Warming Potentials

ANNEX K Ozone Depleting Substance Emissions

ANNEX L Sulfur Dioxide Emissions

ANNEX M Complete List of Sources

ANNEXN IPCC Reporting Tables

ANNEX O IPCC Reference Approach for Estimating CO, Emissions from Fossil Fuel Combustion

ANNEX P Preliminary 1997 Estimates of U.S. Greenhouse Gas Emissions and Sinks

ANNEX Q Sources of Greenhouse Gas Emissions Excluded

The largest source of U.S. GHG emissions was carfFhe primary factors for this later single year increase
bon dioxide (CQ) from fossil fuel combustion, which 