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. .  . . .  ~. base year, total U.S. emissions were 1,444 MMTCE. 
. . ~ . ' .  .TO be consistent .kith the IPCC-recommended guid 

The current . . . .  U.S..geenhouse gas hventory'for: . .mining declined slightly due to small decreases in coal '. 
. .  
, .  ',, . .  1990-93 is summarized in Table ES-1. For the 1990 . production adincreases in coalbed methane recovery. . . .  

. N,O emissions remained relatively constant, while' . . . . . .  

cludes emissions 
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. .  . . .  . .  
prising about 2 percent of total U.S. emissions, HFCs . , Table ES-2 summarizes U.S. edssions and 
accounting for slightly over 1 percent, and PFCs about uptake of carbon dioxideiwhile the remainder of this , . 
0.3 percent. The emissions of the photochemically section presents.detailed information on the various, . 
important gases CO, N O ,  NMVOCs, and SO, arenot : . anthropogenic sources and sinks.of carbon dioxide in 

uponmethod to estimate &eir contribution to climate. ' 

, .  
s;., 

: ' 

~. . 
. ,  . , .  

.... ~ ,.included in Figure ES:1 because there'is no agreed" 
' ': the:,United.S 

~ ', 

' change. The& g&es only affect radiative forcing :._ . , .  

. . . .  . .  . .  :, . 
,. . . .  

:. .. : ::. : The global.carbon cycle is made up of large' 
' 

''$arbon flows ind resesoirs., Hundredsof billions . o 
" "'. tons of carbon in the f o d  ofC0,'are absorbed  by'"'^ . 

- - oceans, trees, soil, and vegeta 
,' ' to.the atmosphere annually through natural processes: . .  

.... .When in equilibrium, carbon flows between the v'irious. .. 
kservoirs roughly balance each other; Since the .... s i  . . . . .  .~ 

,.:'. :... Industrial Revolution, however, atmospheric concen-: . . . .  
' 

' trgionS of carbon dioxide have risen more'than.25 '~'';.. ',.: 
. ' percent, principally because of the combustion'of fossil 

fuels (IF'CC, 1992): While the combus6on of fossil , 
. , fuels accounts for 99 percen 

' 

, sions, ,cO, emissions also re 
'trial processes. Changes in 1 

,. . I . :. activities both'emit cir%n"di 
, .. ' ... fore'st clearing) and c h  act as 

..result of improved. forest mGageme 
. . .  . . . .  
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Carbon Dioxide Ernisslona by End h e  S6cIor: ISSO 
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: Figure ES.4 . . . .  :.. . . . . . . .  
carbbn dioxide Ernissiona fmm F-~I FW h b u h  
. .  .. Seaorand Fuel Typ: 1990 . 

(HMT Carbon Equlvalent) . .  
Jmn , .  . 

. .  < 
. .  

. . . . . . . . .  .., 
L _. , .  
. .  . .  

. . . .  



.- 

. . .  
. .  

. .  . .  ~ .. , 

tured by heating limestone (mostly calcium carbonate) 
in a kiln, creating calcium oxide (quicklime) and 
carbon dioxide, which is.normally emitted to the 
atmosphere. 

sink for carbon dioxide. Because approximately half 
.the dry weight of wobd is carbon, as trees add mass to 
trunks, limbs, and roots, more carbon is stored in the 
trees than is released tothe atmosphere through 

' 

%.! , ' . . 

- manufacturing of these products,-natural sources of 

. .  1950s. More'recently; the 1970s and 1980s saw a . . . .  
. .  , .  resurgence , i f  federally s+nso&i trei-fiinting pro;'' ' 

I,: .. 
: Dioxid;? Manufacture (0.3 MMrCE)). grams (e.g., the incentive and ' -  ..... conservation programs (e& the Consekation'Reserve . , . . ,  . .I ". -: .. . . .  1.; 

C&bon:dioxide'is used in many segments ofthe ' . 

\ ' ,  . .  economy, including food proc&ng, beverage p q u -  
fachlring, chemical processing; crude bil products, and 

which have focused On reforesting PFvi- 
OulY harvested lands, improving timber-management . , I ,  -. 2 

. . .  
,. . . ,  a host of industrial ind miscellaneous applications.' activities, combatting soil erosion, and converting, , ; .,: . .  

As a result of these activities, the net CO, flux 
from standing biomass and vegetative cover in 1990 1 
was estimated to have been an uptake (sequestration) 
of 119.MMTCE. The Northeast, North Central, and 
South Central regions of the United States accounted ' , 

for 99 percent of the upt&e of C&&n, largely due:to 

management practices and the Fgene.ration, of f o F t  , .:. 

. .  : For the most part, carbon dioxide used in these applica- . marginal crop1and to forests. , .  . . . . .  
tions will eventually be.released into the atmosphere. 

Forests and Land Use Change 

When humans use and alter the biosphere 
through c&nges in land use h d  fo&mnagernent 
activities; they dterthe n a b !  bahice of trace gas 

an &ea of:forest to create crop&d or, pasture; restock? 

pasture to revert to a grassland or forest.' Forests, 
w~chcove~abou t737  million'acres of U.S. land 

" . .  .. 
. .  

. .  
., , , 

.. ...... , I .  ,,, 
. .  

' .' 

ssiom.and uptake. .The'se activities include  clearing,:^ high growth rates that are the result of intensified forest : ........... .i " . . . . . .  . . . . . .  
, 

. .  ing a logged forest, draisng a wetland, or allowing a . . .  land previously cleared.for cropla&l i d  pasture.'. .. :' . . . . . . . .  

sponsible-for a small net release 
re forests witha ne& bahice 

a potentially important terrestrial . between growth, mortality, .and removals. . . . . . .  

. .  . . :  . . .  . . . .  . . .  , .  . . . . . . . . . . . .  . : . , .  
. .  . .  . .  
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There are considerable uncertainties associated 
with the estimates provided for the net carbon flux 
from U.S. forests, however. Four major uncertainties 
are presented briefly below: 

The irnpactiofforest management activiiies 
' .  'on soil carbon are quite unceriain. Since .:.I.: 

.. forest soils contain over 50 percent of the total: 
stored forest carbon in t h e : U . S . , ~ s  difference , $ . .  , . 

. .  
. .  

. . . . . . .  can have a 1argeimpacf'on.flwcestimates. ....... 
' 'However, because of uncertaintiesassociated 

. . ' .  '. with soil carbon flux, this'component is  not^, ' -. 

'The US. has assumed'that haeestedtimber 
effectively results in'immediale carbon emis- 
sions. This assumption is consistent viith the 
methodology recommended by the IPCC 
(IPCC/OECD, 1994), however, studies that 
model the product pools in the U.S. estimate a 
net accumulation of ca;bon in' forest product 
pools in 1990. .This suggests that the esti- 
mates of carbon sequestration presented here 
may be too low. 

The current estimate does not include forest 
land in Alaska and Hawaii or reserved timber 
land. However;forests in these states are 
believed to be in equilibrium, so their inclu- 
sion would not significantly affect the flux 
estimates presented here. 

Forest management activities may also result 
influxes of other greenhouse andphotochemi- 
cally important gases. Dry soils are an 
important sink for CH, and source of N,O, and 
both a source and a sink for CO, and vegeta- 
tion is a source of several NMHCs . 
(nonmethane hydrocarbons, a subset of 
NMVOCs). However, the effects of foresby 
activities on these gases are highly uncertain, 
and are therefore not included in the U.S. 
inventory at this time. 

. . . . .  included in the US. estimate at this time. .. 
. . .  . .  . .  

9 

METHANE EMISSIONS 

Atmospheric methane (CH,) is second only to 
CO, as an anthropogenic source of the greenhouse 
effect. Methane's overall contribution to global 
warming is large because it is 22 times more effective 
at trapping heat in the atmosphere than carbon dioxide 

. I 

over a 100-year time horizon when both the direct and 
indirect effects are accounted for. Furthermore, 
methane's concentration in the atmosphere has more 
than doubled over the last two centuries, Scientists 
have concluded that these atmospheric incKases are 
largely due to inqeasing'emissions from anthropogeni 
sources, such asI~dfills;agricultt$ actiGties, coal:' 

I he1 combustion 'the pro& 
atiml'gas . > ahd , .  . &,and.wa 

. . ~ ~  . 

treatment (See'Table . . .  E S ~ 3 : s d  FiGe ES-5).,' ' '. ': 

Figure ES-5 
Sources of Methane Emiulona: IS90 

5 ES-8 . .  

. . . . . .  . .  . . . .  . .  ~ . .  
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digestive systems break down the feed consmd 'by  
the animal. Ruminants, which include cattle, buffalo, 
sheep, and goats, have the highest methane emissions 
among all animal types because they have a m e n ,  or 

. , large "fore-stomach," in which a significant a p y n t  of 

Landfdls 

Landfills are the largest single anthropogenic 
, . 

.,, ,,: , 
. source of methane emissions in the United States. 
There are an estimated:6,000,landfills in the . . . . .  United, . : 

. . ~, . . , ,+ .,.. 
. .  

,; , . .  

.~ .>, 

. . .  

... - . . 
-. , . 

. .  

. . .  
. .  

. .  

. .  

. .  
, . -  

,I, . . .  

. . . . . .  

%: 
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,. 
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. . .  . . . . . . .  

. .  
, .  
t . I  I 

, .  
I . .  .. . .  
. .  
:?.,.,,,; . .  . . 
,,+ . . . . . .  x i  

catqot be decomposed, further).. Methane,emissions 
fiom lahdf& Ge'iffected by such facto+'& waite 'I 

tioq,moistuie, . . . . . .  'aid . . . .  landfill size.' . .  . . . . .  . .  . .  

Methke emissions from US. l&dfills in 1990' ' 
were 60 m T C E ,  or about 37 percent of total U.S: 
methane emissions. Emissions from U.S. municipal 
solid waste landfills, which received over 70 percent of 
the total solid.waste generated in the United States, 
accounted'for about 90 to 95 percent of total landfill 
emissions, while industrial l+dfills accounted for the 
remaining 5 to IO percent. Currently, about' 10 percent 
of the methane emitted is recovered for use as an 
energy source. 

Agriculture' 
. .  

The agricul&al sector accounted for approxi- 
mately 32 percent of total U.S. methane emissions, in 
1990, with enteric fermentation in domestic livestock. 
and manure management together accounting for the 
majority.(see Figure ES-6); Other agricultural'activi- 
ties contributing to methane emissions include rice 
cultivation and field burning of agricultural crop 
wastes. 'Several other agricultural activities, such as 
irrigation and tillage'practices, may.contribute to 
methane emissions, but emissions from these sources 
are uncertain and are believed to be small; therefore,. 
the United States has not included them in the current 
inventory. Details on the emission pathways included 
in the inventory are presented below. 

Enteric Fermentation in Domestic Livesfock 
434.9 MMTCE). In 1990, enteric fermentation was the 
source of about 22 percent of total U.S. methane ', . ' :  

emissions, and about 68 percent of methane emissions 
ftbm the agricultural sector:. During animal digestion, 
methane is produced. through enteric fermentation, 'a 
process in which microbes that reside in animal 

. .  . . .  . . . .  
i , ,. . , -.., .:,. :... .... . L l i . ~  . .  . 

I _ ,  . .~ . . . . . . .  , . . ~  . .  , .. . 
, .  

Methane Ernlsslons fmm Agriculture by Sou": IS80 

~ 

. . .  
. .  . .  

Manure Managemeni (13.7 MMTCE). .The 
decomposition of organic material in animal manure in 
an anaerobic environment produces methane. .The 
most important factor.aRe&ng +e amount of inethane 
produced is how the manure is managed, since certain 
types of storage and treatment systems promote an 
oxygen-free environment. In particular, liquid systems 
(e.g.,'lagoonsl ponds, tanks, or pits) tend to produce a 
significant quantiiy of methane. However, when .. 

manure is hkdled as a solid or when it is deposited on 
pastures and rangelands, it tends to decompose aerobi- 
cally and produce little or no methane. Higher tem- 
peratures and moist climate conditio& also promote 
meth ie  production. 

8 percent of total U.S. methane emissions in 1990, i d  ~ '. 

. . . .  

a ~ c u l t u r a l  sector.' Liquid-b&ed m a n k  management ' : 
systems accounted for over 80 percent of total e.mis- . . .  

sions from animal wastes. 

' 

,' 
Emissions from manure management were about ' ' . 

about 27 percent of me,thane emissions, fiom .the. 
. .  .: 

. .  , '  , . . . . . .  
. .  . .  

. . ,. . . , . I  . , . . . :  ,,._ ......... .-:. . . . .  
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Rice Cultivation (2.6 MMTCE). Most of the 'mined, methane is released to the atmosphere. The 
amount of methane released from a coal mine depends 

mines generally emitting more methane (U.S. EPA, 

world's rice, and all of the rice in the United States, is 

anaerobic conditions in the soils develop, and methane 
. . . .  

, . , is produced through anaerobic decomposition of soil 1993a): Methane h m  surface mines is.emitted , . 

grown on flooded fields. When fields are flooded, pfimarily upon the depth and type of coal, with deeper 

-,: . organic matter. Methane is release 
~ . , . the rice pl~aiits, whic 

,. . ' the atmosphe&: . . . .  
.. , . . ,. 

.I 

. . m e e k e  emissions, 

~ ~~ 
~ ~~ ~ ...... __. - . -- . . . . . .  . ^  .... . . .  . . .  , . . . . .  :. . .  . . . .  . .  . .  ~. . .  .. ; . ,  

methane emissions from agriculturalsources., 

' ' . 
MMTCE). Large quantities of agricuhral.crop wastes 
are produced from f&hg systems. Disposal systems 
for these wastes include plowing them back into the 
field; composting, landfilling, or burning them in the 
field; using them as a biomass fuel; or selling them in 
supplemental feed markets. Burning crop residues 
releases a number of greenhouse gases, including 
carbon dioxide, methane; carbon monoxide,'nitrous 
oxide, and oMdes of nitrogen. Crop residue burning is 
not considered to be a net source of carbon dioxide 
emissions because the carbon dioxide' released during 
burning is reabsorbed by crop regrowth during the next 
growing season. However, burning is.a net source of . 
emissions for the other gases. Because this practice is 
not common in the United States, it was responsible for 
only 0.3 percent of total U.S. methane'emissions in 
1990, and 0.9 percent of emissions from the agricul- 
tural sector. 

. .~ . . .  I . . . .  
.Field Burning of Agricultural Wastes (0.5 ' ' .' 

Coal Mining 

~. . -  
into . . , ,  the atmosphere. :At some miries, more advanced L:. . 
'methane-recovej . . ,. systems.may . be k e d  to supplement. ... .. 
the.ventilation systems arii 'ensG mine safety: ne:, . . 
practice of king the recovered methane &,an energy 
source' has been incrkaskg in recent years. . 

Oil and Natural Gas Production and Processing 

- .Methane is also a major component of natural . 
gas. Any leakage or emission d k n g  the production, 
processing, transmission, 'and distribution of natural 
gas emits methane directly to the atmosphere. Because 
natural gas is often fo&d in conjunction with oil," '. 
leakage during the production of commerkial quantities 
of gas tlom oil wells is also a source of emissions. 
Emissions vary greatly from.facility to facility and are ' 
largely a function of operation &d maintenance 
procedures and equipment condition. Fugitive emis- 
sions can occur at all stages of extraction, proceisiiig, 
and distribution. In 1990, emissions from the US.  
n a m l  gas system.were estimated to.be 17.8 MMTCE, 
accounting for approximately 11 percent of total U.S. 
methane emissions for 1990. 

. .  

Coal mining and post-mining activities, such as 
coal processing, transpo-tion, and consumption, are 
the third largest source of methane emissions in the 
United States. Estimates of methane emissions from 
coal mining for 1990 were 26.4 MMTCE, which 
accounted for about 16 percent of total U.S. methane 
emissions. 

Methane is also released as a result of oil produc- 
tion and processing activities, such as crude oil produc- 
tion, &de oil refining, transportation, and storage, 
when coke rc i a l  gas production is not warranted due 
to the small quantities present. Emissions from these 
activities ark g e n e d y  released as a res& of system 
'lea&, disruptions, or routine maintenance. For 1990. . ,  . ~. 
meth-age emissions from oil produdon and processing '. 
facilities were 1.6 MMTCE, accounting for about one :. Produced millions of years ago during the 

.formation of coal, methane is trapped within coal , . of total u,s. emissibns, 
seams and,surrounding rock strata:. When coal is . . ~. . . . . . . . .  . . .  

i, .. i .  . . . . . . . . . . .  ... . . .  . .  . .  ., . .  . .  
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Other Sources Agricultural Soil Management and Fertilizer 
Use 

Methane is also produced from several other 
sources in the United States, including energy-related The primary sources of anthropogenic nitrous 
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NITROUS OXIDE EMISSIONS 

Nitrous oxide (N,O) is a chemically and 
iadiatively active greenhouse gas that is produced 
naturally from a wide variety of biological sources in 
soil &d water. While actual emissions of N,O are 
much smaller thk COi emissions, N,O-is approxi- 
mately 270 tim&more powerM *an CO, at-trapping 
heat in the  ahn no sphere over a 1 00-year time horizon. 

. . .  . .~ . . .  _. .. 
'Over the-<iiftivd &&ii.i, tiuniain ictiviti6s ' ' . . 

have &ea atmospheric concentrations of nitrous': " '  . ' 

oxide-by approximately 8 percent. n;e main an&opo- 
genic activities producing N20 are soil management .. 

and fertilizer'use for agriculture, fossil fuel combus-. ' 
tibn, adipic acid producbon, nitric acid production, and 
. . . . . . . . . . . . . . . . .  agricult,ural waste burning: The relative . ,  .." share of each 
of these activities to total U.S. '&trous oxide emissions 
is shown,in Figure ES-7, and U.S. nitrous oxide 
emissions by source category for . .  1990 are provided in 
TableES-4. ' . . .  . -  
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Nitrous oxide is aproduct of the reaction that 
occurs between nitrogen and oxygen during fossil fuel 
combustion. Both mobile and stationary sources emit 
nitrous oxide. 'Emissions from mobile sources are, :.. 
more significant and ,mbettkr.understood h , t h o s e  ",:' 
eom st'ationarysources., . . . . . . . . . . . . .  The amount of nitrous oxide ", 

emitted varies, depending upon fuel;. technology type, ''. 

and pollution control device. Emissions'also vary with- 
the size and'vintage of the combustion technology, as ' : 
well as maintenance Wd'opektion piactices. ' . ' 

For example, catalytic converters installed to 
. . . .  

reduce air pollution resulting from motor vehicles have 
been proven, to promote the formation of nitrous oxide. 
As catalytic converter-equipped vehicles have in- 
creased in the U.S. motor vehicle fleet, emissions of 

' 

nitrous oxide from this source have also increased 
(EIA, 1994g). Mobile emissions totalled 6.8 h4MTCE' 
in 1990 (22.4 percent of total N,O emissions), with 
road transport accounting for approximately 95 percent 
of these N,O emissions. Nitrous oxide emissions from 
stationary sources were 2.6 . W C E  in 1990. 

Adipic Acid Production 

.. Nitrous oxide is enlitted as a by-product of the 
production of adipic acid. Ninety percent of all adipic 
acid produced in the United States is used to produce 
nylon 6,6. It is also used to produce some low-tem- 
peratuie lubricants, and to provide foods with a 
"tangy" flavor. In 1990, U.S. adipic acid production 
generated 4.1 MMTCE of nitrous oxide, or 13.7 
percent of total U.S. N,O emissions. 

Nitric Acid Production 

Production of nitric acid is another industrial 
- source ofN 0 emissiok. Nitric acid is a raw material 
used prim.mly to make synthetic commercial fertilizer, 
and is also a major component in the production of 
adipic acid and explosives. Virtually all of the nitric 
acid that is manufactured commercially in the United 
States is obtained bv the oxidation of ammonia. 

t 

Other activities that emit N,O include the 
buming of agricultural crop residues and, changes in 
land use. Emissions from agricultural crop residue 

. 

:. 1.2 percent O ~ & ~ I . U . S ;  nitro 

restry activities may 
1 , , ,  : i..' : .  , 

.-. . 

nitiiuibiide, since dry soils . . . . .  

' '  .emissions. However,.the effects of fokstry'activities . . 
on fluxes of these gases are highly uncertain; therefore, 
they *-not included in the inventory at this ti&. ' .' 

Similarly, the U.S..inventory does not account for 
several land-use changes because of uncertainties in 
their effects on trace gas fluxes, as well as poorly 
quantified land-use change statistics. These land-use 
changes include loss and reclamation of freshwater ' . 
wetland areas, conversion of grasslands to past& and 
cropland, and conversion of managed lands to grasslands., 

. . . .  
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EMISSIONS OF HFCS AND PFCS i 

1 . . .  . . .  . .  
' 

. Partially halogenated compoun.ds (HFCs) and 
perfluorinated compounds (PFCs) were introduced as 
alternatives to-the ozone-depleting substances (ODSs) ' 
being phased out under the MontrealProtocol and . ' 
Clean Air Act Amendments of 1990 (see Box ES-2). 
Because HFCs'and PFCs are not directly harmful to the 
stratospheric ozone layer, they are not controlled by the 
Montreal Pmt~col .  'However, these compounds are ' ' 

powerful greenhouse gases and are, therefore, consid- 
ered under the Framework Convention on Climate 

' .  

Change. For example, HFC-134a has an estimated 
direct G W  of 1,200, which makes the compound 
1,200 times more heat absorbent than an equivalent 
amount by weight of CO, in the atmosphere. There- 
fore, emission estimates for these gases have been 
included in the U S .  inventory and are provided in 
Table ES-5. 

~ ~~~ 

During this process, N,O is formed and emitted to the 
.atmosphere. Nitrous oxide emissions from this source 
were about 2.9 MMTCE in 1990, accounting for about 

In 1990, the use of CFC and 'HCFC substitutes 
was minimal. Thus, emissions of HFCs and PFCs , 

were quite small, and were largely the result of by- . 

For example, HFC-23 is a by-product emitted during 
the production of HCFC-22, and PFCs (CF, and C,FJ 

. ' 

' ' . 
' . : .  

. , ~. , .  

.. _. . 9.7.percent of total U.S. N,O emissions. . .  product emissions from other production processes. . .  
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are emitted during aluminum'srnelting. While the 'use 
of such ozone-depleting substances as methyl chloro- 
form, CFC-12, and HCFC-22 is declining, consump- 

tion of HFCs is increasing markedly. Emissions of , 

HFCs and PFCs should continue to rise as their use as 
replacements increases. 
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EMISSIONS OF CRITERIA POLLUTANTS 

Carbon monoxide (CO), nitrogen oxides (NOx), 
nonmethane volatile organic compounds (N$WOCs), 
and sulfur dioxide (SO,) are commonly referred to in 
the United States as "criteria  pollutant^".^ Carbon 
monoxide is created when carbon-containing fuels are 
burned incompletely; oxides of nitrogen, NO and NO,, 
are created from lightning, biomass fires, fossil-.fuel' 
combustion, and in the stratosphere from nitrous oxide; 
nonmethane VOCs include compounds such as pro- 
pane, butane, and ethke, and are emitted primarily 

-from transporiation and industrial processes, as well as 
biomass liming, and nonindustrial conshption of .  
o r g h c  solvents (U.S. EPA, 1990a); sulfur dioxide can 
result from the combustion.of fossil fuels, industrid 
processing (particularly in the metals indusby), waste 
incineration, and biomass burning (U.S. EPA, 1993b). 

Because of their contribution to the formation o f  
urban smog, they are regulated under the 1970 Clean 
Air Act and successive amendments. These gases also 
have an impact on global climate, although their 

indirect (i.e., they do not d&ctly:act as greenhouse .:> 
impact,is limited,because their radiative effects are 

gasisitmt,reiCt with othei . . . .  cheinii,aI'compoun& 

. . .  
. ! 

I . . . . . .  . . . . . . . . . . . . .  

. . . . . . . . . . . .  atmosphere)., Itshould be noted; howe~ver; +t, su 
:,dioxide . , - 1.. .emitted into,.the-aimosphere . ,. , affects the: 
radiative budget negativelyj.&&fore;it is disc 
sepamtely-'hA.the other criteria po~utants in B 

' .. The most important Ofthe e%& oft& ''. 

criteria pollutants - CO, NO;, and W O C s  - is . . ' .:. ,,, 

their role as precursors of tropospheric ozone. ,h, this . ' 

' 

role, they contribute to ozone fo i a t ion 'kd  alter the,:.:: . , 

. atmospheric lifetimes of other greenhouse gases. F& . ' 
exkple ,  c&bon monoxide interacts with the hydroxyl 
radical (OH) -the major atmospheric sink for meth- 
ane -to form carbon dioxide. Therefore, increased 
atmospheric concentrations of CO limit the number of 
OH compounds available to destroy methane, thus' 
increasing the atmospheric life,time' of methane. ., . .  
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These criteria pollutants are generated through a 
variety of anthropogenic activities, including fossil fuel 
combustion, solid waste incineration, oil and gas 

. . production and processing, industrial processes and 
. ,  . solvent use, and agriculturd crop waste burning. Table 

. .  ES-6 summarizes US.  emissions from these sources 
' , ~ for 1990. -The United States has'akmlly published ' ' : allied'p~ducis;.'meialsprocessing; and indus&al k e s  

vehicles that bum fossil fuels comprise the single , 
largest source of CO emissions in the United States, 
contributing about two-thirds of all U.S. CO emissions 
in 1990. Motor vehicles also emit about one-third of 
total U.S. NO, and NMVOC emissions, Industrial 
processes; such. as the manufacture .- of chemical, - .  and :. ...... . . .  .. . ' 

, .  
:---estimates of c~ter ia  pollu&ts since 1970. Table ES-6'' ' of solvents are also major sources of CO,.NOx,@d . . . . .  . ; , - .  . .  

. . . . .  . . . .  .. clearly shows. 'that fuel co&umption accounted for the :-I NhjV 
;- '.~ ' "  I 
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A "sink" is a process that destroys or absorbs 
greenhouse gases. The carhn  cycle is com- 
posed of reservoirs of carbon (e.g., the oceans, 
atmosphere, and biota), and of flows of carbon to 
and from these reservoirs. "Sinks" of carbon 
dioxide include absorption of atmospheric 
carbon dioxide by terrestrial biota (such as trees) 
and oceanic biota. The primary anthropogenic 
"sink" of carbon is tree planting and other forest 
management activities. The US. has estimated 
the enhancement of forests as a carbon sink. 

Ozone exists in the stratosphere and troposphere. 
In the stratosphere (about 20 - 50 km above the 
Earth's surface), ozone provides a protective 
layer shielding the Earth from ultraviolet radia- 

3. 

tion and subsequent harmful health effects on 
humans and the environment. In the troposphere 
(from the Earth's surface to about 10 km above), 
ozone is a chemical oxidant and a major compo- 
nent of photochemical smog. Most ozone is 
found in the stratosphere, with some transport 
occurring to the troposphere (through the tropo- 
pause, i.e., the transition zone separating the 
stratosphere and the troposphere) (IF'CC, 1992). 

The term "criteria po~utank  refers to those . ' 

compounds for which attainment a have ., 

been established under the Clean Air Act Amend- 
men& of 1970. CO, N O ,  NkWOCs, and SO, all 
have air quality standards for which air quality 
criteria have been issued. - 
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INTRODUCTION 

. .  Although CO,, CH,, and N20 occur naturally in 
. . . . . .  . . . . .  

Overview 

their substitutes hydiofluorocarbons (HFCs), and other 

' 

~h~ I~~~~~~~ process 

. . Cenml to any study of.climate change is the , . . 

. . .  chemically import& gases such carbon monoxide development of an emissions inventory that identifies 
and quhtifies a coihtry's primary sources aid sinks of 

,:. . . . .  greenhouse gases. Developing and participating in the. . .  

inventory process-isimportant for two reaso&:'(l) i t .  . . . . .  
provides a basis for the ongoing development of a ' . 

comprehensive and detailed methodology for.estimat- . . 
ing sources and sinks'of greenhousegases, and (2) it . , 

provides a common . .  and consistent mechanism.through 
which all signatory countries to.the United Nations' 
Framework Convention on Climate Change (FCCC) 

contribution of different emission sources and green- 
house gases to climate change. Moreover, systemati- . 
cally. and consistently estimating emissions at.the . . .  

national and international levels is a prerequisite for 

. .  . .  compounds such as pe&luorinated.carbons (PFCs), are . . . .  
. . .  

'' also greenhouse gases: 'In addition, there are photo- 
. .  

(CO), oxides of &ogen.(NOX), and nonmethbe . .  
volatileorganic compounds (NMvOCs) that, although 

greenhouse effect..-These are co&only referred to as 
tropospheric ozbne prec&oA because they influence 
the.pte at which ozone and other gases are created aLd 
destroyed in the atmosphere.  box^ l'contains a brief: 
description of these gases, their sources; i d  their roles 

dioxide.(SO;) a& provided in %ex E of this report. ' . can'estimate emissions'ad compare the'relative 
Sulfur gases, primarily sulfur dioxide, are believed to 
contribute negatively to the greenhouse effect. There- 
fore, the US. has discussed these.emissions separately. . 

. . .not greenhouse gases, contribute indirectly to the. ... 
. .  

.., .. . L. 
. .  

.~ .. 

. .  . 
' 

' . in the atmosphere? In addition, emissions of sulfur 
, .. 

. .  

. . . . . .  . . .  

. . .  

., i 

. .  
. . . . .  . .  . . .  . .  . .  . .  

. . .  '. Ozone exists in the' sptosphere and'troposphere. In the stratosphere (about 20 - 50 !an above the E A ' S  surface), 
ozone pro.vides:a protective layer shielding the Ear$ from ultraviolet radiation and.subsequent harmful health effects'on . . . . . .  . ., . . . .  
hum- and the environqent. In the.troposphere (from the, Earth's surface to about 10 km above), ozone is 

occ@ng to the noposphere (thiough the tropopause, Le., the transition.zone separating the stratosphere an 
. .  , .  

..... '- oxidant and major component of photochemical smog. Most ozone is f0und.h the stratosphere, with some 

. . .  .. 
' . 

... 
. .  

. . . .  . .  
. . . . . . .  . s  . .  . .  , (IPCC. 1992).. .: . .~ 

. . .  For convenience, all gases discussed in this inventory are generically referred to as "greenhouse gases," although the 
' 

'. 

. . , . ' reader should keep in mind the distinction between actual greenhouse gases and photochemically important trace gases. ., . : .  

. . . . .  
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.~ . .  ' ' hc+ emissions of&n indnoxide. nowethane ' ,  

.de&mpjsition of &pic matter in biological systems. 
Agricultural processes such as wetlaid riy cgtivatioh, enteric , .- 
f+at$on,@ animals, %d.the decomjmsition of@~$ 
k t e s  emit methane, as' doff.tlieilecombbsition,o~municipal. . solid wa&s.-:Methane is.ah.emitted-during thcproduction &d 
distribution of natural pas and oil. and is released as a bv- 

-. . .Methane (CHJ Methane is produced.bugh anaerobic 

. . . . .  I 

.product of coal production and incomplete,fuel.wmb+3iolbustion . 

. The atinmpheric eoncenhtion of methane, which has been ~ . -- . 

. -  I . I  . .  
iesults in the chemical destruction of the methan&-p&d, as 

'the hydrogen molecules in me&e eombine with the oxygen in . 
. - ' a&o$hericco&tueri& (e.& h' hydmxj.1 radi&) @, .., 

would 0rhe;WiSe mist iddfftrofig m&<ando+ne. , , ' 

. . . . .  .. OH to form kter vapor (H,O) and C y .  A h r  a number of . It &entiially oxidizes to.co,. . . .  ._ . . .. . . . .  . _  . . .  . . .  ... . .  other cherhical interactions,-thekmai&ng CH, & into CO . 
' which'itself reacts with 0 
andhy&g$&I).' . 

' ' 

., 

. . . .  : . . Gxides of Nihvgen (NO). .Oxides -, 
' NO&& ckated f m m ' l i g h ~ ~  bi 

. .  . .  ' .  ' naiural.and atibpoaenic fim).-fossil fuei combustion. . ,  ~. 
L ..~. . .  

~ Hdogmded Fluomciirboni HFCS. and PF&: 
Halogenated fluomca;bons ari human-made wmpou& that 

and-in the s..dtospbek. fmm nitrous oxide., key play.& 
imponant mle in climate change p y  d&to-th& 

. . 
include: chlorofluoroc&mns (CFCs), halons. methyl chloro- ' c&$ibuticmtothefo&onofome.. : ' i . .  . . 
forqcarbon tetrachloride, methyl bromide, and ~ 

' hydr@orofluom&ns (HCFCs). MI of these comppunds 
not only enhance the &enhouse effect, but also contribute to ~ 

;stratospheric omne depletion Under the Monfreol h & o l i n d  
the Copenhigen Amendments, which control the production and 
coniumption of these chemicals, the U.S. phased out the 
production grid use of all halo& by January 1.1994 and will 
phase out ~ C S ,  HCFCs. "d other omnedepleting substances 

"by Jan* 1,'1996. Pemuorinated carbons (PFCs )'and. . 
'hydrotlw.mC&ns (HFCs), a Emily of CFC and.HC& .' . , 

replachients not covered under the Motifreal hot&/; are also 

:- -. 

. .  ~. . , powerful greenhouse gases: . . . . .  . .  
. .  . . .  

. .  

Nonmeth&efilotile O&nic Compounds &&O@).. . ~. 
Nonmethane.VOCs inclpdecompoundisutij as pmpane. .~ 

, buhe. hd ethane.. VoK$e organic wmpoui~& 
parIicipte along with atmgen oxides in-* fo&ation 
pund-leuel omne and other photofhcmical oxidants. . ' 
VoCs are emitted primarily 6um transportation, id .. . "  
iddustrid pmcesm. as &I as gomass burning 
indkrid w&MionofomMic solvents N.S.'EPA . ~:~ , 

. .  
m m  

. -  . .  
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evaluating the cost-effectiveness and feasibility of 
pursuing possible mitigation strategies and implement- 
ing emission reduction technologies. 

Guidelines for National Greenhouse Gas Inventories 
(IPCC/OECD, 1994) to ensure that the emission 
inventories submitted to the FCCC are consistent and 

. . . .  .. . . . .  . . .  . . ,. .~ . 
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Total-' . . . 

- . ., . .. . . , c. . . ,. 

. .  I I~ , ,i... ' -  . .  . ~. . .  + Total of these gases does not exceed 0.01 nhllion metric tonnes. 

rounding. : . ~.. :. ,.. ..... 
. ' - .~ ' ' - ' :, 

'Note:. The "Totals".presen?diq the~summary bles in this chaser mai notequal the s& of& individual so& ea@gories,due 10 
, ' A  . .  . '  -:. , 

1' ' CH,, "0; &d S C s  &d PFCs k 
-wMn'&i relahvely conrtant over the pe 
decreases in coal production and increases 



,,., .. , .  ,. .. .,~. 

. .  

. .  . . .  

,. ..: 

. .  . . .  
. .  .. . . 

and some methane-so&ces i re documented in $e text,: 
..ddni $& the '&& for di&rg&i gbm.'the ,pee , , 

. .  
default mernodologies? ' 1.'';' . ':.. . " .: 

... .. , 

. .  
. . - .  

. . . The majority'of 1990 U.S. me&e emission '' . .  

estimates presented in this inventory were taken 
directly '&om the U.S:EPA report, Anthropogenic 
Methane Emissions in the United States, Estimates for 
1990: Report to Congress (US. EPA, 1993a). That 
U.S. EPA report provided 1990 US. methane emis- 
sions for a variety of domestic sources, including 
nahifil gas systems,.cod mining, landfills, domesti- 
cated livestock, manure management, rice cultivation, 
fuel combustion, and production. and refining of 
petroleukliquids.' The methodologies used to arrive at 
the emissions estimates in U S .  EPA (1993a) are.. 
conceptually similar to IPCC methodologies.' Where 
the methodologies differ, information is provided in the 
text-andjor innexes to ensure that the estimates pre- 
sented are reproducible. Estimates for 1991,:1992, and 
1993 have been developed using these same method- 
ologies unless otherivise -noted. 

available U.S. Environmental Protection Agency (US. 
EPA) emissions data. These estimates are supple- 
mented by calculations using the best available activity 
data from other agencies. Complete documentation of 

Emission estimates for NOx, CO,' and W O C s  
were taken directly, except where noted, from the US. 
EPA report, National Air Pollufanf Emission Trena!s 
1900 - 1992 (US. EPA, 1993b), which is an annual 

. . .  developing the estimates makes it difficult to:i+produce:. ,, 

the.infotination'from EPA (1993b) in .. this,&ventorf ... '. :'; 
:'document.. In these i%&ces, the sources con&g . 

the dekiled dochnentation of the methods , .  &ed & ., . ; 
referenced for &e interested reader. 

. .  .. 

Organization of the Inventory' 

In accordance with the IPCC guidelines for 
reporting contained in the 1PCC.Drafr Guidelin.esfor ' 

National Greenhouse Gas Inventories (IPCC/OECD, 
1994), this inventory is organized into six parts. These 
six parts correspond to the six major source categories 
below. In addition, annexes provide additional data on 
cdqdatioN +hich ire not incI"ded k' the main text. - 
(Note:. while the list below follows the IpCC''S list of 
recommended source. categories, emission sources that 
are not applicable to the U.S. are not included). 

.I.. part I covers emissions from energy activities, ' , 

. 

includi@ 
A. ' Fuel Combustion .Activities: - - . .  1. Industry' 

. . , . . . , 

'. Discussions of inventory methods can also be found in Estimation of Greenhouse Gar Emissi0.m and Sinks: Final 
Reportfmrn fhe OECD Experfs Meeting,. 18-21 Febkary 1991 (August 1991). That report documents baseline inventory 
methodologies for a variety of source categories, which have subsequently been further retined based on recommendations 
provided at an IPCC-sponsored experfs workshop held in Geneva, Switzerland in December 1991 and at an OECD/ 
Netherlands-sponsored workshop in Amersfoorf Netherlands in February 1993. The proceedings from these meetings, the 
Final Report (OECD, 1991), as well aS several o h r  mte,matiana\ meetings; form the basis for the curkent IPCCDraft 
Guidelines. 

' Depending on the e&ssion source category;uctivify data' can hclude fuel cokumption or deliveries; vehicle-Ales . ' . : 

travelled, raw material processed, etc.; emissionjkctors BR factors that relate the quantity of emissions to the.activity. , . , . .  , .  . .  . .  . . ... , .  . . . . .  > - . .  , . . .  

: ' In order to fully comply,with the IPCC Draj ._ Cui&lin$?, the United States has .. provided . a copy of the IPCC . .. reporting . . 
tables in Annex D. 

6 Criteria wllutants include: carbon monoxide (CO), lead (Pb), nitrogen oxides @IOx), particulate matter less thirn.ten ' 

. ' 

microns (PM-IO), sulfur gases (especially SO,), total particulate matter (TP), and nonmeee  volati!e organic . .  compounds 
(NMvocsj. . .  

. ,  . .  : 5 
. . I  

I. ,. . . . . ," '  .. .  ~ ..~.... . ., . A  
, _,. ~ ., , . .. . .. , . . . . .. . .~ .. , . ~ . .. . ... .... + . .. . 
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4 
with other available methodologies and data where 
needed. The US.  realizes that not only are the meth-' 
odologies still evolving, but that additional efforts are 
necessary to improve methodologies and data collec- 
tion procedures. ' Specific areas requiring further 

. 

2. Transportation 
3. Residential 
4. Commercialhstitutional 
5. Electric Utilities 

basis and to use the information gained to track 

Change Action Plan. The methodologies used to 
estimate emissions will be periodically updated as 
methods and information improve, and as further . 

, guidance is received from.the IPCC and the INC: h. 

me, t!~e~U:S:,@ll~a& inciude, as ap$ 
ufidates; estimates of e@sSioh . . ,  ushg' 

' progressof commitments made under the U.S. Climate 

' 

. 

,maintain consistency a s  methodologies'chge. . .  

ent.: ' :.,, 
. . . . .  . . . .  

described , . . .  - i,ri,this 
. ., 

I 

, .  . .  
..! . : , 

, . .  

. . . .  

. .  

, : 

.. 

. .  

. . .  

. .  

. .  

. .  

11. - part 11 covers emissibni from other 'industrial ~ ': :. 
'. :. pfiuctioi p-ws (nonenergy ISIC)~ including: 

. .  A. Chemicals .- . 
,. B: .Non-Metallic Mineral Products 

C.: 0ther;including chlorofluorocarbons and. . 

other substances . . . .  

III. Part 111 covers emissions from solvent use ' 

IV. part IV covers emissions from agricilture, 
including: 
A: . Enteric Fermentation (in domestic animals) 

c..  ice Cultivation. ' ' ' 

D. Agricultu~d Soils 
E.. Agricultural Crop Waste Burning 

V. ' Part V covers emissions resulting from land-use 
change and forestry 

VI. Part VI covers emissions fhuwastes  and waste-.. 
treatment processes, including: - ~ 

A. Landfills 
B. Wastewater Treatment 
C.. Waste Combustion 

. . B. Manure Management (for domestic animals) 

Uncertainty and  Limitations of Emissions 
Estimates 

While the current U.S. emissions inventory 
provides a solid foundation for the development of a 
more detailed &d comprehensive national inventory, it 
has several strengths and weaknesses. First of all, this 
report by itself does not provide a complete.picture of 
past or future emissions in the US.; it ody  provides an 
inventoly of US. emissions for the years 1990 : 1993. 
However, the U.S. believes that common and consis- . , 

tent inventories taken over a period of time c b  and 
will contribute to understanding future emission bends. 
The U.S. plans to update this comprehensive inventory 
of greenhouse gas emissions and sinks on an annual 

.... .1: :'. Secondly,, there ire uncertainties associated with. ..... 
. ..the emissions estimates: ..Some qfthe.ccurrent estimates, ;... 

.. activities and cement processing, &e considered . . . . . .  

such those for CO, emissions from energy-related . .  - 
. . . .  

. .  
.~ :. accurate. For other categories of emissions, however; a . ' ' . . . .  

lack of data or an incomplete understanding ofhow. 
emissiok are generated limit the scope or accuracy of 
the inventory. For certain categories, emission esti- 
mates are given as a specific range to reflect the 
associated uncertainty. Where applicable, specific 
factors affecting the accuracy of the estimates are also 
discussed in detail. 

. 

. 

emissions are not available at this time. In 
particular, emissions from some land-use 
activities and industrial processes are not 
included in the inventory either because data 
are incomplete or because methodologies do 
not exist for estimating emissions from these 
source categories. 

. .  This is a crucial step 
in completing and refining existing method- 
ologies and in developing methodologies for 
emission source categories where none 

. 
6 .  . 

1 . . . . . . . .  . . .  . . . .  . . . .  i . . .  . . .  . .  . ,  . ,-, .,: : ,.. . . ~ , . . :  
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A. ,EMISSIONS.FROM FOSSIL FUEL 
CONSUMPTION , '  ' '  . 

ly about.55 krceii: P e k .  .. :.,:: .... 
. . 
' 

leum supplies the largest share of U.S. energy needs, . 

' .accoyting for over 40 percent of tog4 energy consump 
. '.:-. 

' 

. .  
. .  

. . 1. Carbon Dioxide Ern&sions from Fossil Fuel tion (see Figure 1-1); As a result,'uses of petmleum 

. .  ' , Consumption . ' . . .~ ' 

. .  

. . .  ' 
'1 ' . ~..r+xSed appioximately 581 MMTCE in 1990,,or 43 

. .  
. . . . . . .  ~. 

.- . . ?  

. . . .  . .  
.... . . . . . . . .  '. +rcentofall COieinissions froin energy C 

.,. . .  - . .  - .. 
n e  mijority 0fiier.q in th 

roximately 88percent, is produced ihrokh ,the (&e Table' 1-1): Theother fossil fuels, coal k d  
gas,' &counted for 36 and 21 percent, &spectiv 1 . . 'combktion of fossil fueh such as coal, naturalgas, ' .. . . . .  

. .  

! '%. ' ' andpetroleum The remaining 12percent consists of . . ! 

ngum I-I 
. lYw of Energy Consumed In the US.: lSB0 : 

. .  : ! renewible or other energy sources s k h  as , , . , .  , _  

...... hydropower. biomass, and nuclear energy.'. . . .  . .  .~ . . . . .  ..*~ . . . . . .  
. .  

: .  . 
.. 

. . .  

+-eial energy,needs is me 
. .  . . .  

. . ' : d o u n k  of other gases, including CO, CH,;'and . ' ' md.?veF, and lighting: 
...... 

by electricity for such uses as motors, elec&c furnaces . . .  
. . . . . .  ...... 

. .  

$ the fuels is emitted as carbon dioxide'and smaller 
.. 

,., . 
W O C s .  These'o.ther gases are emitted,- a by: 

, - product of incomplete' ., . , . * . .  fuel combustion. ;Ttie'inio& . . . . . . .  
The industrial sector is also &e.l&est tker of 

of fo8sil fuels(w&h . . . . . . . .  often '' 
1s iued for producing fe&liz 

latics, asphalt, or lubricants cari stox' carbon i i 
carbon in'& fuel varies.signific&tly by fuel type. .Fo 
example, coal conkins the &&est 'amount of carbon ' 

. per unit of useful energy: Petrol 
percent ofthe carton per unit ofe 

, 

5 .  

, .. . .  
1, 

. 

recognkkd method is developed'to allocate thesd emissions to specific co 
and not included in the national to& ',.. 

,. 2 There is international disagree 
I .  

,, 6an.w~ activities (fuels usd iri intirnationil transpo 
' ,  that countries account'sepaaiely for 6unker fuel'imis 

. . ' . 

il separat+y in the,U.S. 
. .  .. 

. . .  
. .  ..., . ., , .' 

.. . . . . . . . .  . . . . . .  /9. ,.; 

. , . , .  . .  
' ,  . , 

I I '  , . .  
p ;:' i .:, ji'.. 





. . . . .  . .  . .  . .  . .  
' . Simil&ly, the fossil fuels used in'the manufacture of , 'Figure Ii3). This  sector generates electriciiy'for such .' . . 

pl&ticS also Store cGbon, releasing this '-- . uses ai li&thg, heating, electric motors, &d air , 

the product is incinerated. . ,  . . , 

; . '. 

... 
. . .  Flgure 1-2 .. 

conditioning. Someof this electricity is generated with. . .  ' .: 
. . . .  ihe lowest CO,-emitjing energy techndlogies, particu- :. 

Carbon Dlbxlde Emisslbns horn Fossll Fuel Combustlon b;.:: b. '.l&ly OptiOlli, n u c ~ ~  energy, hydro;::: 

. .  . .  
.-v.-.-'-;--r_-.--.--- 

. . .  . . . . .  

EndUse Sector: 1990 .. ..~... . . . . . . . .  
(MMlCarbon Equivalent) ~' . ~ .. ' 

. . ,  
i . : . ,  , 

, _  . ,  

The transportation sector i .... ~~. . . . . .  
ifor'about31.~ekerit 0fU.S.' - '  

'. ' power;o~geothemal eiiergy:. However, 
utilities rely on coal for 55 percent of 
requirements and account for'about 8 

- . cod cohuined in the Unit'ed States., ' 
, .%. ' 

, *.> . 

,., . . 

i ,  i, ' lightikg, heating, cooli , .  

. .  - 
. : The remaining emissions &re largely due to the con- 

sumption of natural g& and oil, prim 
..'heating'arid cookingneeds.: ,, '.: .. , :, 
1 EIe&.ic. 

.' 
.~c&gories (e,,g;, 

', ~n fact, as the largest consumers 0fU.S: energy (about , ' . '  , .  > '  , ',.:. . ' :,fora partic"~G 

istration (EM) of tlq U.S. Department of : ,. . 
Energy (DOE), ivhich is responsible for the ' 

collection of all U.S: energy dah. By agg& 
gating consumption data ,by sector (.g. ; ', './ ' 

. .  commercial, industrial; etc.), primary fuel .: 

. 

. . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . .  

. 
. , ,  

. ,  . .  . ,  

. . .  . . . . .  . .  ~ , .  . i 

., . 
' . types (e.g:, cod, oil, gas), and secondary fuel : ..:' I . .  

. .  , . < .  , . . ,  . ,  
I .  

: . -.As noted above, the U.S. relies on electricity to , .;': -, distillate fuel; itc,), ,' : ..' , . 
, ,  , 

' , meet ., a significint poriion . . . . .  of its energy requirkments:.: : . . ' ,  EIA est&ates total U. 

. .  , .  ) .  . "36'percent of total k n e k ) ,  electric utilities are collec:., . . .  
. .  

i~ = . " - tively the largest pr0duce.n of U.S. COS emissionk'(see .: , . , 
. .  .~ . .  

' ' , ' '',Fuel cons&nption by US. 
.,: :'other U.S. Pacific ~slands) ii inc 

. . .  . . . . .  
. .  

, . .  ,. 
. ,  
. .  ,. , . . ,  

. ., 
.I 

. .  

. . . . . .  

, .. , .  I 

. . ~  . .. 
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. ,  - Table 1-3. U.S. Greenhouse . - Gas .. Emissions.from Stationary CombU~tion:~1990-1992 : . .  _.,, ., _, ..:: 

.. , , ,. 

.. . .  .~ 
i . .  . .. . .:. :~ 2. MethaneemissionsmbasedonNMVOCemissionshmU.S.EPA(1993b) i:.,: I s i  '-,":!::.:. . :: ".:: 

.. .. .~ i. . . . .  , ,  ~ . .  . : . -. _ _  
. .  . .  . . .  . and emission factors horn US. EPA (1993a). . .. . i , '. 

I L  . . 





.. . & > , I .  . ' 
~ . . . *  ". * . . . :  ..,.. 

. .. 
.. 

. ., , 

... 
, ' . .  . ,  . . .  

. .. .. 
, .,. . : '  . , . .  . .  . .  i __._. ... . .. .~ . .  . .  .. . 

I.. . . : bGed,  raw material processed, etc.. Activity data Le ' ' ofCH to Ni$lVOCi .:":. 
. .. .. . , . . , - . .,. 4 . . : . ~ .  

. . Activity . . .Ratio of CH. to NMVOCS . I '. 

used k c b n i u i c t i o i i ~ ~  emission,factok; which relate .: ', .Released During Combustion , : 

. .  
. .  . . , . ,. . . the quantity of emissions to the activity. ' The basic 

. . . : Wood Combustion . ~ - -  
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. . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  ~.. ,.. 

, .~ . 
, .  . .  . .  

.,. . . .  
. . .  sectors o f h e  oil and naG gas system due to a . CO, Emissions from Oil Production and 

Processing Activities 
. , 

. ' 

general lack of emissions data. This is particularly hue 
of venting and flaring data, the largest component of 

, emissions, which in many cases is based on "balance" , . '. 

.. 

.. 
, ,  

:, 
CO, emiss'ions from oil production i d  process- 

! .  i . . . ing come from the natural gas that is'flared at the . ~ estimates'ofunaccounted-for-gass.. ne 
',: . 'production site, which releases .CO,'A a by-product of , j&j && is 

1 '. '.. '  ' tlie combustion'process.* Bams'and Edmonds (1990) : '. estimated &,, .' '1.. 
! 
i 

. . .  

. . . . . . . .  note that of the total repofled U.S: venting and flaring, . 1 . . ' 
, . .  1 .' 

approximately 20 percent is actually vented, with the 
.! , remaining 80 percent flared. According to the Natural . 

NOx, "VfVoCS, and CO Emissio 
d Gas ProducHon'Activities' 

' 

' . . . . .  Gas Annual 1992 (EIA:1993d), published by the U.S. ' .'," 

_. . Department ofEnergy's Energy Info&ation Adminis-:. '' . ~. . . . .  . . . .  
t . . . . .  _. 

i , : is 4,261 million cubic meters for 1990, 4,813 million . ' 

! 

! . .  

. . .  production,-storage,.and &p&atio tration, the to61 amouitof h a G I  gascented Of flared 

cubic meters'for 1991, and 4,746million cubic meters . I  I 

for 1992. 

a relativelysmall portion - .  to the ove 
: of these gases: ::Emissidnsof these 5 

tively stabikfor de 1990 - 1992 period (s& Table 1-9). .... 
i ' - '> 

. .  .. 
. . -. ? 

, ,  

. .  - .  Due'$ the diverse nature of the v&io&.'$pes ,of . . . .  ? r: 

emissions.Fd the fact 'that some emissions 'occur',',;: : 
periodically or unexpectedly, precise, . .  me&&ments . '. ; ''. 
, not practical in many'cases. AS a resdt,'the uniirtain- . : ..: 

. ,., . .  . .  
. .  The &bunt of CO, resulting from the flared gas 

~, . MMTCE) for 1990, 7.4 million metric tonnes (2.02 "' 

,. 3 , .  

estimated to be 6.56 million'mefric tonnes (1.79 ' . .  

: , ,MMTCE) for 1991, and 7.3 million'mehic tomes (1.99 . .  

. . .  MMTCE) for 1992. These estimates were prepared . . . .  

,, :-using a convekion factor'of525 g C per m3 as deter-' 
" '.: : mined by M a h d  and Rotty (1984), and an assumed. 
,.., flaring eficiency of 100 percent. The assumed unce 

' ' 

, 

:' . 

. . . . . . . . . . . . . . . . . .  ..,tainty range is &.25,percent., The 20 percent 
...'me t h k e  is accounted for in the section be 

, . , . .  

I ,; . . I . .  
. . . .  ~. Methaneemissi 

1 ,  .:' : : processing were estimated in E 

. . .  
* ' rduiini maintkfiGFe. emissions in the I ::. ~, 

. ' . production field, 

- ' . emissions from.&&& Oil storage faciljt 
\ . .  

refineries, marine vessel operations, &d , 

. .  , I. , , . ~  ".. I .These total emissionk, based on model facilities,.. 

. .  
i . metric tonnes'of cH4 (0.6 t 

: . venting and,flaring. ' . ' 
, 

. . . . . .  . . . .  . . . . . .  . .  . . . . . .  
I .  , 

' . are estimated to be betwe 

. . . .  . . . . .  

. . . .  '.., ' ,  ,. 

.- . 
. .  

.. . . .  . .  

: 
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. .  ' Table 11-1. U.S. Greenhouse Gas Emissions . . . . . . . . . . . .  from Industrial . .  Processes: . . .  1990 . . . - '  ". " .- . ' 
' , 

, , ,  . .  

. . . . . . .  . .  , _ .  F , - . . :  . . .  . .~ .. . . .  .,'TOTAL . . . .  . .  .- . . . .  
- I  

. . . . .  
, . . , ,  . . . . .  ~' i .  

. .  . . . . . . . . .  . . . . . .  , .  . .  , . . ~ .  , , . . . . . . .  
. .  . .  

: Note:'. Tot&may not add.to~the sum of.ie individual SI 

. . .  . . . .  1 ;. ., , , fluorine &present in the'moften cryolite in which the , paste, coke briquettes; o r  prebakdcarbon . . .  bloc 
:, . .,, "' . "reduction of alumina occurs. Total U.S.'emissions'in . , .  . . During reduction, some of this carbon is oxid 
, . 1990 rangedfrom roughly 1,200 to 3,700 metric tons released to the atmosphere.& &bo 

. . . .  . . . . . .  I .  , .  . .  
, ' ' of CF, (1.7 5.2 MMTCE). Emissions of C F 6  ore ', ' . ppro-tely 1.'5 to 2.2'tons ofc  timqted to . . .  be an order of magnitude lower, ranging . . . . . .  

'm  120 tq 376 inepic tons' ( O . ~ ? ~ O ' O , S ~  MMTCE):; itted for eactitonof,aliunh& p 
on,' ,992)., U.S.prim . . . . .  . . .  . .  

' 

'. .:: , ::.reduced to alhiinlim; The rkduction'ofthe al-a 

. , .  ' , . ' Carbon dioxide is emittehduring the aluminum , . tion in, 1990 w& 4,048 tpous 
,:: . ,i @eduction process when a l w  .. (alUmium oxide),is.;. of Mines; 1993a)i Using the midp 

factor range. CO. emissions fiom a1 , - .  
,: 1 : .; ' &curs though electrolysis in a molten bath of n a d  , . are estimated to L v e  been 7.5 mil 

. 





~- . . . . . . .  . . .  ..... . .  , .  . , 
. .  ~- . ~. . 

/1 

.... . . .  . .  . .  , , , . .  . .~ < .  . . .  . .  
tions: For the most port, carbon dioxide used in these ' combustion or h m  non-fuel use). For example, 
applications will eventually be released into the 

. . .  
ammonia is manufactured using natural gas'and '. . . ,  . >: .' . .,. 

,,,, . atmosphere., ' : ' naphtha as feedstocks. Carbon dioxide emissions from !. 
i:' ': : 

. i this urocess ark included in the Dortion of carbon for . ' ." 
.. 

i 

I 

. . . .  
,,: . t .- 
... . . . . . .  

I, . 

.. . . ...'i . 

. .  . .  
~ ,. 
, : 

, . . . .  

' &  

.... 

. . .  

, ,.. . .~ , . 
. ...... esti&ting the hct ion of mkufactured carbon diixide -1 , .  ... . that is not accouited for in these other emission':- 

.-&I ' . .  " . 
. 

sources. 'Carbon:,dioxide coiminption~for .uses .otker 
. tli& enhanced oil recovery Was estimated'to be 4.4'*.'. 
. . . . . . . . .  .> , ,>,.  . , . . . . . .  

1'' 

i 3 ,  

million short tonS in 1990p&donia Group, 
.. :- . Cardon d i~xide 'wel l s , .na~l -gas  wells,~aqd: r. ':, ,.; :. tion account for_appro@makly 30 percent of 
: .( production capacity in the U.S." Ass-g 

. .  

,. . 
? >. . .  remaining carbon dioxide is accounted for in emission : ' . 

... - 
' cessing, chemical production,.'carbonated . : i (  beverages, 

dced'oil'recovery. Carbon dioxide used'for 
ed oilrecove& is'kjected'hto the grohd 

', ' incease reservoir press.*, and is..therefore. co&i 
eredl. ' For,the most part, however, carbon 

'& these aDDlicatiom even&llv 

. . .  . . . . . .  . . .  . .  . . \  .. , , 

. . . . .  
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. .  4. : Soda Ash Manufacture and Consumpti0.n , strongly alkaline. Commercial soda &h is used.a a 
. ' 

' 
raw material in a variety of industha1 processes. It is 
used primarily & an alkali, either in glass manufactur- 
ing or simply as a material which reacts with and 

. .  . ,  ..' ,: glass, soap and detergents, pape~~t&iIes, and food. ., . ' . ,  . , 

2 ' .  Internationally, &o types of soda ash areproduced -. , '  '2(Na;H(CO,),2H2o):& . . . .  3Na,COi + 5H,O +'Go, :,. '': 
. . .  ., .. . .  ., .., ' .  ,"[soda'&h] : . '. , 

i.fo,+ula; it d e s .  approximately:,. :,, 
s.oftr6na to'gi+at<l"metridtoline 

. . .  . .  ,~ . . [trona] ~; ' .'." 

. . .  , ,  .I . .  and synthetic. The US. prodt&q.only:',' 
natural soda ash., During the pro 
natural sources of sodium carbonate are 
transformed into a crude soda Os 

q @ii+ Carbon ording to t&k'U.S.' Bbeau'of~nes, . ' l4.7 
'of this re&on;' is cton+es of tiona'were mined in:1990 for 

uction (s&eau of Mines, 1993c)., This ere. In ad&on; carbon' :. 

the two states.thaiproduce'riatura1 
ming has net emissions of carbon 

different production process & used i 
those soda &h producers n&er 
carbon dioxide inio,the atmosp 

1; iecov&ed'aid used in . .  % 

S. carbon dioxide emissions f iom ' ' 
'soda ash production are estimated to 
:'mately 0.39 MMTCE in 1990.' .Carbon . . . . .  . . . . . . . .  

m soda ash production were 0.39 
,' ' .; . MMTCE in 1991, ,0.40MMTCE in 1992, and 0.38 

Sqda a& e~n9um,,~ion in the ge,,eratei 

k sqdium'carbonate, the complex . . . . . . .  brines are 
' , / . .  . . .  . . ,  . 

,. . ' MMTCE in 1993. , , . .  witkcarbon dioxide in carbonation towers' 
. .: to convert the sodium carbonate into so+um bicdon: 

ate;,which.will precipitate under these conditio&. .:The , . .  ,.; 

' , into sodium carbonate,. Although CO, is generaiedis a. :,. 

ab02 0.74 MMTCE of carb0n:dioxide in 19 

.slightly in 1491 dndI992, but recopered in 1993, ,:,., 
Annual soda-& co~~umption in thh U.S. de precipitated sodium bicarbonate is then calcined back ' . 

dioxide e m ~ s i o ~ s  from soda ash ~on&,p- ":, ' ' :by-product, the co; iS recovered and ECyC1edfOrUbe~- . :." ', 

, .  . . . .  tion were 0. $1 MWT& in 1990 &d 1992,'and 0.74. ' . ',in, the carbonation stageand is . . .  never aCtiI&y released. : 
. . . . .  .I . \. . .  . . . . . . . . . . .  . .  

! ... 
L. . . . . . .  > . .  '-: : ' .. ,'GlaSs m-facture:rep;resented $bok249 pe ,. ~, 

emksions in 1990, . . .  . .  , .  . . .  h o ~ t s u s e d  for che.mica1 manufacture,soap and;.: . .  

MMTCE in 1993. Togeiher, soda qsh produc 
, . use accountedfor'almost 0.1 percent,oftotal &d&&tic &c&&tio& with 

, .  ~ .? ,. . . .  . .  . . . . . .  ! 
: ' ' ,: 

. . '  . , ' 
. . ' . .  
', .I ": Soda ash'(sodium c&boria<e, NkCO,) is:a whi 

>' crystalline solid that is kadily soluble in'water and i 

\ .  

, . .  . . .  . . .  . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . .  .. , .-,' ~~ 1 . .  . . i  , ,  E .  .. 
. ., ,:. 





~,., .... . .  . 

\ ,  

a vintaging framework that generates results 
using information on the stock of equipment . 

HCFC-22 production. HCFC-22 production was. 
estimated~to be about 138 thousand metric tohes in 

' . ' 

.. . .  i... .~ 

1 .. 





. . .  

compound (the only one to be included in As ' ': 

. .  I .  , 
. . .  . . . .  . . . . .  . . .  . . .  

ODSsinusetoday. 

s'include partially halogen 
ounds Gown & HCFCs) 

Cs. Because &&e HCFC~compounds. , 

only partially-halogenated,~~eir hydrogen- '' 
carbon bonds are more vulnerable to ohdation 

_.,. ~ ,.. trop.ospheri, &d therefore pose.o@y, ~. ~ 

'0ne;teenth to onekhundredth the threat to 
'stratospheric ozone compked to CFCs. 1% '., '." . 
Although HCFCs pose less of a threat to the, , '  

~.,:% ', ,, earth's strato'spheric.ozone'layer, they'ce still ::: 
p o w e h  greenhouse gases; cvith GWS 'i. 

which we& developed as interim replacements 

.~ 

. . . .  , 
i 

s 
> .  
> ' ,  

. . . . . .  

. .  . .  , ,,. . .  . ,  . .  . .  
. . . . . .  

. . . . . .  . -  . 

. . ,  . . . . . . . .  . . .  CFC-113 ::' . ,  0.05 .' -. 

.. , . .  
. .  . .  

.. , .  ... 

: . .  
. . . .  
....... i 

.. 
I <  

. .  





, .  . .. . 

. . .  . .  . . . .  - 
estimates in'this section were taken directly from the 
U.S.. EPA's ?&ional Air Pollutant Emissions lkends, 

.. .. ._. ' : .. 
' ' emission factors, which.relate the qw-tity of emissions : 

" . 1900:,- 1992 (U.S, EPA, 1993b).'. This EPA'report ': . to the activity; Emission factors are generally available , .. 

."' 'provided emission estimates of these'gases by  sector,'^ ... . from the U.S. EPA's Compilation ofAir Pollutunt I. .. . ' 

Activity data are uSed in conjhction with .' , . 
' 
,', 

. ,I, 
., ; " including published repor&, the 1985 NAPAP (Na-'. ' . . 

. 'using a"'top down" estimating . .  , .  procedure: the .. .. emis- . : -. . . Emission'Fac!ors,'AP-42 (U.S. .. EPA, ~ '1985).- . 
Isions were calculated .. , .  either for h d i v i d d  sources or 
for many'sources,combined, "ing basic activity data , . ' 

(e.g., the amount of raw material processed) 

@eEPA . . ' 
..: . .' . , . . . 

., . . currently derives the overall emission . .. con&! efi- 
c h c y  of a source category from a variety of soyces, , ',, ', . 

I:.' ' ' '  

,, ,, *. 
an 

,. .,. indicator of emissions. National activity data were 
I collected for individual s o w e  categories . . .  from various emissions inventory, or other EPA data bases. . , , . 

g on the source category, these . 

~ tional Acid k ip i t a t ion  and Assessment Program)' . 
. .. . .  

, .  .. . include d a ~ , o n  productioi &el . / I .  

. .  . . . . .  . .  
~ ., .. . , . .  i . ., deliveries, raw material processed, etc. ,. ~ . .  
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. . . .  

, . Iargesr source of mefhane. In 1990, c d e  accounted 

. . .  . , ~ . ~ .  . 
.. . -. 

' , .: for.rough& 43,20, and 18percenf of emissiotkfiorn: ' , , 
. .  

h additionto.the type ofdigestive sy& 
' d a i e  catrle. pese regional contrib&;otis are also ' , : 
. . > <  , al possesses, its feed intak. largely a refeitio<n of fhe large.dai~'caf&popula-. , , . . ,  . ,., 

. . . . . .  of methane producedsnd j fionsin'fhosestates. .,';' . . . . . .  
. ,  . . . . .  . .  high& &e feed hi&; thk hi . . . . . .  

? : ': ' I ,  .' -. ." Emissions fiom enfericfermenfafion in domes- ' emissions. -Feed intake is ksitivelv related 
'tic livestock incriawd by aabo;lO.Elpercenfperyear ' 

bemeen 1990 and 1992, and by abouf 1 percent in 
size, growth rate, and production (,:e., milk production, . . ,. , 
wool growth, pregnancy, or workj. Therefore, feed ' ; . . . . . . . . . . . . .  ..,.. ~ ~ , . ~  ..L 

. .  $.' G, ., ..,,, 
';. : :., 1993.:. This .. increase isprimarily due lo incietking .{' ' intake v&es amongaiimal types as well'& among ., \; . ~ .  5: .  :. :,': 

different management practices for individual animal ._ '.1.. . . . .  :beef raffle populations. Mefhane emissions porn- 
. . . . .  .- . . . . .  -_. . - . .  - . .- - . __ . .- . - . . . . .  &=. .L 

, ' entericfermeniatwn in the. US. rangedfiom 28 lo 4 2  '' ty& ,. -' ' .. 





. . . .  . - .  . ... ~. , . .  
'. ' .cattle is 1argely'a:reflection of the uneven distribution and production statistics,'particularly:for &ge fed : 

of.cattle populations'across the U.S..(see.Table IV-2). cattle,, %e uncertain.'. Second, the,di&s kaly&d&ig 
. , ' The North C e n w  and South Cental states each ., the rumen digestion model are broad representations of ,': :. 

'. -account for roughly 35 percent of emissions from beef ' .the types of feed coimmed witbin'each region,so the 
cattle, primirily,due .,*. . .. to .. the large beef cattle popul full diversity ~ , . ,  'of . feeding ., ,.\>. stiategies .. , is.not,repreGnted. . . ,-. 

And last, the,rumen digestion mode1,id itself qce&in 
since it w& validated using uncerdk experimental . . .. ",. 

,L. . . 

, ./ I m&aged in those states.. The North Cenbal, West, 
'' North Atlantic-'states; which'support large dairy herds, 

each account for roughly 43,20, and 18 percent of'  
emissions from dairy cattle. The North Central states : m~overallpncertainty of about f 20 percent in &e. ' : . 

. data. Together, these sources of uncertainty result in 

, ' .  ,;, account for approximately 40 percent 1 .  of total methane . . ,  ,:.emission.estimate ., (U.S.. EPA,'1993a).b Applying this., 
. ' . imissions from ali caitle. .-1 I . .' ? . '  'uncertainty raiige to the national emission estimate 'i  

. .  
. ~ .  

, 

I _  

. -  ~ . c  . 

__ . - . I I .. - .*' There a& a va+tyoffactors thatmke the.l.920. 
certain. First, animal . populatio , .  . _ I  ,. ,. 

. .  
i 

, .  .I - Table IV-1. Methane Emissions from U.S. C 

. . . . .  . 

. ,  ., 









~. , .. ... . .. . ~. . . .  .. . .  . 

, .  
on interviews with perso& familiar with::. '' 
manure management practices in their ?spec-. 

. ; about 30 percent of the U.S. total. 

.Volatile solids (VS) are defmed as the organic hction 





,.l.ll . , .,. . . .. ,i, . , 

. . .  . .  

(1Yhead)' : (10rnelric 
; . . _ . .  .i_.. 
t 

. .. 

conduits from thesoil to the atmosphere.. 





.' number of days that the rice fields rema 
flooded varies considerably with planting system and . , ~  . .  methane emissions from rice cultivation were esti- ' '. ' 

. .  

-" ' . ; cultivar type, a range for the floodhg'season length;. .. : '~ mated-to be 114-784 thousand met& . .  toyes (0.68 
,' : was'adopted for each state, h e  harvested areas and . ' MMTCE) in'l991,'ll  3.,thousai1d metric tonnes. .i 
..~ flooding season lengths for'each stateare presented in.;.>i.(0.68-4.7 MMTCE) i 

' Tabie lV-7. Arkansk-and Louisiana have the largest' ' . metric tonnes (0.70+:8 MMTCE) in 1993 (see Table 
harvested areas, appro&nately 40 and 20 percent of . IV-8). 'To be consi&nt.%th&e &dl IPCC/OECD. 

' the US; total, respectively. California, Louisiana, and , ,  ~ guidelines, three-year averages of areas harvested we 
' Floridahave the longest flooding se&on lengths, ,138, : used for each emission . . ,  estimate . (the 1993:emission: ' 

': ' ,  ., ..". estimate,'however, Was based ona two-yea? . .  average). 

' . '-Total m e h e  emissions for the U.S:in 1990 are 

,'and 116-799 thousand :':, 
- .. ~ . L 

I 
I 
I 
1 . 

i 

,,. . . .  - /., .  " 

v.1 .". 105, and 105 days, r&pectively. : ': , . . . .  
The small increase in total emissions in 1991 and 19 
compared to 1990 (about 5 percent) is a reflection o 
the relatively .. large I areas ha;vested for most states in . ; ~ 

1992. However, the %e& harvested flucthed inc 
si&tly frbm year tii j&i, so'the three'j~ik of 
emission estimates do not suggest a'meaningfd trend. 

I .. . 
. .  . . .  . . .  . .. . x. - .  

j estimatkd to have been 109-749.tho&&d metric tonnes I . ._ - . .. 
of CH, (0.65 to 4.5 MM'fCE) in 1990 (Table IV-8). .,. ', 

.' , of this total, primbly because it has the largest rice ~ .. ..: 

. .  1, 
, ' .': , 'Emissions from ikansas  account for over.35 percent ' I' 

, .  
j , . . area .&ested. Louisiana, because of its'relatively : :: ,, , .. ~. 

. _  
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.. . emissions from th is  so 

emissions measure 
r . , - , : , , .  , 
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Table VI-1. U.S..Methsn 

. .  
.. , , 

i l . , .  ' 
(Thousand TOM~S of CHJ ,I 

. , ' .  ... . . .  

. .  .., annually recovered by l&dfills &th recovery systems. 
c,,.+ndy; thib recovered methaneis, either flared or, :; ,, . : 

dioxide: 

, . ' Some landfills practice.flaring of recovered . . , 

landfill gas, which converts the methane portion of the 
gas to carbon'diosde:' While landfill gas contains ' . . - . 

to emissio& 60m other sources discussed. Moreover. ~ . ,  . - .  . . . ,  

. .  
sed & & energy solirce, resulting in 

me&& flared or 

. ,  

i', . ,  that the mCE bfkcoved', . ,. , . . .  . I  . .  .roughly equal amounts of methane and carbon dioxid 
landfill carbon dioxide emissions are sm& compare . . . ~ ~  for ,.,. otherp~oses; . , ' ,  !., . . 

, .  . .  
potential carbon dioxide emissions of4,1*s,000 metric. 

/ I  

.' :. . .. 

- . , . .  ,' , ' , . . . .  >. I .  . .  





--L . .... . , ... 
., .. . 1~ i .  

, > :  . - .  
..... - .  . .. . -  

.. . 
. .  , .. . .  , .  

. .  
. .  ... . . .  . . , . ,  . . .  . /  . . ,  . , 

. .  
'.. , . . ;  . . . , ,  

.~ . . . .  . .  , .  . .  . ,  
,. . .  . ,  

" oxygen taken up by the org&c~matter in the wastewa- 
. ter during decomposition. Under the same conditions, 

produce more methane &an wastewater with relatively . . ologies are not easily obtained, especial1 
w&te&er ,.. .. , ~ .  

, .  ter has a low BOD'content,' wkle food processing methane forthe U.S: provided in this sec 
faciiities such'as'flui~ sugar, meat processing plants, f7om U.S. EPA (1994a). That report's methodologies, 

.' . 

. ' .  . Although IPCC-recommended methodologies for .. .. 
estimating municipal and industrial wastewater meth- : . . 

.' ;' .wastewater with higher BOD concentratiois will . ' ane emissions exist, the data required by these method- . .  ~. . .  

.. . . .  
' ' .. lower BOD concentrations. Most industrial . . , .:,; wastewa .... *.,. . ;:Estimates of muni&p 

. ,. 
! and breweries can produce untreated waste streams . . which are similar to the proposed IpCC methodologies, ' . . .. 

;' are based on BOD loading in the wastewater flow in ,. . I ,  . . . .  . .  ., 1 .~ 
1 '  with &&.BOD content. 

.I ,. . , 1 '  &eu.s. :~ 
, ,  

.. . .  
, . .  

.. , 

. ,  
,, . 

I, 

,, . ... . . .  
, >  . .  

I .  . .. , .. . ,- - 
. .  . .., , . . . - .  - - .  . . . . ~  . .  . . .~ . .  . .  .. . 

& .  . 
', :.The follo&g'equation.w&developed by the U.S. toestimate methane emissions from municipal . . .  

. .  , , ;. . 
I 

1 . .  
. , , , :  , -  . . .  , 

, , .  

,, . 
I ,  , . . .  . ,  , . .  

, .  . 
. . . .  , :  ,. " '  

. ,  . , -  ., 
' , , , \ , .  

,, , , ,. , , . .  , : ,  . . .  

. , . \ .  . . .  ' 

1. . . 

. .  . , .  
~ . . -. .. . .  (Thousand Metric Tomes) . .  . .  . .  . .  utilization practices: 

. .  
,.., - ' , tion, whether in incin.eraton or out in the open, can . 

L .., ;;' :, ' , . ~ .  .:"' ':.. . ,.. . ' be a source of carbon'dioxide. NO . CO and'. j .; ..,,: ,. ,. . :~ ,,. , 
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ANNEXA 
ESTMTING EMISSIONS OF CO, FROM 

FOSSIL ENERGY CONSUlMpTloN 
. .  . 

energy into and out  of the U.S. economy at the national level. This appr6ach.is often referred to 
as a "top-down". methodology, and it is the default estimation methodology recommended by' the 
IPCC (IPCCIOECD, 1994; Vol.. 3).. In the third section,.the two methods are compared and the 
resulting differences briefly discussed. 

1. Estimating Carbon Dioxide Emissions Using the Bottom-up Methodology 

The.bottom-up methodology is characterized by the seven basic steps described below. 
This discussion focuses o n  emission estimates for the year 1990, with the relevant data presented 
in Tables A-1 through A-6. Relevant data sources and notations are referenced-in, each table. 
Emission estimates for 1991, 1992, and 1993 were calculated using the same bottom-up 
methodology. 

1. Defermine energy consumption by e n e w  type and sec!or. 

T h e  bottom-up methodology used by the U.S. for estimating CO, emissions from fossil 
energy consumption is conceptually similar to the approach recommended by the IPCC for. 
countries that intend to develop detailed, sectoral-based emission estimates (IPCC, 1994; Vol. 3). 
Basic consumption data by sector are presented in Rows A-E of Table A-1, with total US. fossil 
fuel consumption by energy type presented in Row F of Table A-1. Fuel consumption data for 
the bottom-up approach were obtained directly from the Energy Information Administration 
(EIA) of the U.S. Department of Energy, which is responsible for the collection of all U.S. energy 
data. All the' EIA data were collected through surveys at the point of delivery or use, so they 
reflect the reported consumption of fuel by sector and fuel type. Individual data elements came 

. ' from a variety df sources within E l k  Most information is from published reports, although some 
data have been drawn from unpublished energy studies and databases maintained by.EIA Exact 
sources are indicated in footnotes provided in each table of this annex. 

Sectoral and~ 'ca tegoj  totals are presented in the-last column and last row of Table A-1. - By aggregating consumption data by sector (Le., residential, commercial, industrial, transportation, 
and electric utilities), primaryfuel type (e.& bituminous coal, natural gas, and petroleum), and 
secondary fuel category (e&, gasoline, distillate fuel, etc.), one can estimate total U.S. energy 
consumption for a particular year. The  1990. total energy consumption across all sectors,and 
energy types is 71,836 trillion Btu, as indicated in the last entry of Row F in Table A-1. 
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There are differences between the consumption figures presented in Table A-1 and those 
recommended in the IPCC emission inventoly methodology. First, all consumption data in the  
U.S. inventory are  presented using higher heating values-(HHV) rather than the lower heating 
values (LHV) reflected in the IPCC emission inventory methodology. This convention is followed 
because all data obtained from EL4 were based on HHV. .Second, the energy data in Table A-1 
do-not include energy use from U.S. te,mtories: The IPCC methodology, however, recommend . : 

. i  ., , that,countries'report . . ~  . . . .  emissions according tb the.reporting forinat used by the International .:..: . ,  

' . , Energy Agency (IEA). Since the IEA data for the U.S. include energy use k US. temtori_es, ~. ': ,. . . .  

U.S. energy consumption data have been adjusted-accordingly to ensure that  emissions from these 
territories are  included'in the U.S. total (see Step 5 for.further'discussion). -Third,:the .' : 

consumption figures in Table A-1 include. bunker fuels. The IPCC recommends that countries . 
estimate emissions from bunker fuels separately and exclude these emissions from national totals. 
'This adjustment is described below in Step'6. 

. 
. .  
. .  , .  

, I' .. . .  . 
.. . 

. ., 
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2. Detehine the total carbon content of all fuels. 

Total carbon was estimated by multiplying energy consumption by a carbon coefficient that 
reflected the amount of carbon per unit of energy for each fuel. The.resulting quantities are 
potential emissions, or the maximum amount of carbon that could potentially be re'leased to the 
atmosphere if all carbon in the fuels were converted to CO,. Potential emissions by sector and 
fuel type are given in Rows H-L of Table A-1, with total potential emissions provided in Row M. 
The carbon coefficients used in the U.S. inventory are given in Row G of Table A-1 and Table A- 
1A. These carbon coefficients are estimates derived by EL4 from detailed fuel information and 
are'similar to the carbon coefficients contained in the IPCC's default methodology, with 
modifications reflecting fuel qualities specific to the US. 

. ,  . 

3. Estimate the amount of carbon stored in products. 

Depending on end use, non-fuel uses of fossil energy can result in storage of some or all 
of the carbon contained in the energy product for some period of time. For example, asphalt 
made from petroleum can sequester up to 100 percent of the carbon contained in the petroleum 
feedstock for extended periods of time. Other non-fuel products, such as lubricants or plastics, 
also store carbon, but can lose or emit some of this carbon when they are used and/or bumed as 
waste after utilization. 

The  amount of carbon sequestered or stored in non-fuel uses of fossil fuel energy 
products was based on data concerning ,the end uses and ultimate fate of various energy products, 
with all non-fuel use attributed to the industrial and transportation sectors. This non-fuel 
consumption is presented in Rows A and B of Table A-2. Non-fuel consumption was then 
multiplied by a carbon coefficient (Row C of Table A-2) to abtain the carbon content of the fuel, 
o r  the maximum amount 'of carbon that could potentially be sequestered if all the carbon in the 
fuel were stored in non-fuel products. Values for the total amount of carbon that could be stored 
are given in Rows D and E of Table A-2. Carbon content was then multiplied by the fraction of 
carbon actually sequestered in products (Row F of Table A-2), resulting in the final estimate of 
carbon sequestration by sector and fuel type in Rows G-H of Table-A-2. Total sequestered 
carbon is provided in Row I of Table A-2. Assumptidns of the proportion of carbon sequestered, 
were based on IPCC (1994; Vol, 3) and U.S. specific estimates by EIA. Subtracting carbon 
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sequestered from potential emissions results in net potential carbon emissions (Row A of Table 
A-3). 

. . . . . . .  . . . . . . . .  
. .  - energy .wnve$qp pro+s% due. tb  ineffcienci& 'during . . . . . . .  the  combustion pro& . .  - rang& . . . .  from o n e  ..'- . .  ~ . .  

.presents fractions oxidized by fuel-type. Row . . .  C of the same table gives the actual net emissions . .  
once oxidation has been considered (but prior to adding emissions from territories or subtracting 

percent'for.,oiI.and coal t o  OL5'percent for gas. Except for coal these'assumptions are consistent 
with t h e  default values recommended by the IPCC. ' In the'U.S; 'unoxidiied'carbon from'ct>al ' ' 

combustion was estimated, to. be no more than one  peicent.(Becht'el, 1993). Row B' of Table A-3 

. : . ' 
. .  

.. 

. . .  
~ . . ,  . . .  emissions from bunker fuels). 

5. Account for fuel consumed in U.S: Tem'tories 

EIA's energy use data for the US. includes only the 50 U.S. states and the  District of 
Columbia. 'The data reported for the US. by international agencies, such as the International 
Energy Agency (IEA), includes consumption in the U.S. territories. To account for this 
difference, emission estimates for the US. territories were computed separately and added t o  
dchnestic emissicns from fossil fuel combustion for energy. Energy consumption data from U.S. 

~ territories are  presented in Rows A-G of Table A-4. They are reported in thousands of barrels 
per day, except for coal, which is reported in thousands of short tons. To calculate territory 
emissions, it was necessalyto convert consumption in barrels per day and short tons to units of 
annual energy consumption by multiplying the physical units with appropriate conversion factors 
from EIA (EIA, 1994b), which are  presented in Row H. The resulting energy wniumption by 
territory is given in Rows I-N of Table A-4, with total consumption in all territories provided in 
Row 0. 

*\, c.-, r;i 
. .  

.... 

, .  

The remaining calculations for territories followed the same procedure used for the 
consumption of fuels in the fifty States, i.c. estimation of carbon content and adjustment for the 
fraction of  carbon not oxidized (see Rows P-Y of Tab1e.A-4). Once these calculations were 
completed, actual emissions from territories (Row Y) were added to actual emissions from the 
fifty States (see Row D of Table A-3). 

6. Subtract emissions from bunker fuels. 

According to the decision reached at INC-9, emissions from international transport 
activities, or bunker fuels, should not  be  included in national totals. There is international 
disagreement as to which countries are responsible for th&e emissipns, and until this issue is 
resolved, countries are  to report these emissions separately. E M  data include bunker fuels 
(primarily residual oil) as part of consumption by the transportation' sector. To compensate for 
this, bunker fuel emissions were calculated separately and subtracted from total net emissiok. 
The calculations for bunker fuel emissions followed the same procedures used for consumption of 
all fossil fuels in the United States (i.e., estimation of consumption, determination of carbon 

I 

1 .  
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content, and adjustment for the fraction of carbon not oxidized). These calculations are 
summarized in Table A-5. Total emissions from bunker fuels were then subtracted from actual 
net emissions from domestic fuel consumption (see ROW E of Table A-3). Bunker fuel emissions 

' were allocated to the transportation sector. 

, . .  
. . ,. . . .  . . . .  , .  ,. 
., i . . . . . .  . .  
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Table, A-6 summarizes actual CO, emissions, in .the .S. by major consu&g 

. ,  rksidential, commercial, industria1,"transportation; and electric utilities) and major fuel ,type (ie.,  
coal, natural-gas, and . .  oil). Adjustments for bunker fuels and carbon sequestered in products have, 
already been made. Emissions are expressed in te 'hs  of million metric tons of carbon equivalent 
(MMTCE), except in the last'column and row of Table A-6,.which shows carbon dioxide , 
emissions on a full molecular weight basis (Column E and Row H). . ,  

Table' A-7 summarizes U.S. carbon dioxide emissions by end-use sector. To determine - 

these estimates, emissions from the electric utility sector were distributed over the four end use 
sectors according to their share of electricity consumed. Column A, presents electricity 
consumption by end-use sector, which was used to calculate the fraction of total electricity 
consumed by each o f  the four end-use sectors (Column B). This fraction was then multiplied by 
total emissions from the utility sector from Table A-6, Column D, resulting in the portion of 
utility emissions attributable to each end-use sector (Column D). These end use emissions from 
electricity consumption were then added to the non-utility emission estimates taken from Table 
A-6 (Column E), resulting in emissions from each of the four end-use sectors (Column F). 

.l 

11. Estimating 'Carbon Dioxide Emissions Using the Top-Down Methodology 

It is possible t o  estimate carbon emissions from fossil fuel consumption using alternative 
methodologies and/or different data sources than those described above. For example, the IPCC 
recommends a "top-down'' (carbon balance) approach for estimating carbon dioxide emissions (see 
Greenhouse Gas Inventory Workbook (IPCC/OECD, 1994; Vol. 3)). This method estimates fossil 
fuel consumption by adjusting national aggregate production data for imports, exports, and stock 
changes rather than relying on end-user surveys. The operating principle is that once carbon is 
brought into a national economy, it is either saved in some way (e&, stored in products, kept in 
fuel stocks, o r  left unoxidized in ash) o r  released into the atmosphere. Accounting for actual 
consumption of fuels a t  the sectoral or sub-national level is not required. The following . 
discussion provides the  detailed calculations for estimating CO, emissions for the US. using the 
IPCC-recommended "top-down". methodology. 

1. Collect and Assemble Data in Proper Format 

To ensure the comparability of national inventories, the IPCC has recommended that 
inventories report energy data using the International Energy Agency (IEA) reporting convention. 
National energy statistics were collected from several DOE/EIA documents in order to obtain the  

A-4 . 
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necessary data o n  production, imports, exports, and stock changes.' These data are presented in 
the appropriate format in Table A-8. 

The carbon content of fuel varies with the fuel's heat content. Therefore, for a'n accurate 
. , .  
. .  

... , .  .- 
, . . .  , 

... . .  . ,  ., 
2. Estimate Apparent Fuel Consumption 

The next step of the IF'CC method is to estimate "apparent consumption" of fuels within 
the country. This requires a balance of primary fuels produced, plus imports, minus exports, and 
adjusting for stock changes. In this way, carbon enters an economy through energy production 
and imports (and decreases in fuel stocks) and is transferred out  of the country through exports 
(and increases in fuel stocks). Thus, apparent consumption of primary fuels (including crude oil, 
natural gas liquids, coking coal, steam coal, subbituminous coal, lignite, and natural gas) can be 
calculated as follows: 

Production + Imparts - Exports - Stackchange 

Flows of secondary fuels (e&, gasoline, residual fuel, coke) should be added to primary 
apparent consumption. The  production of secondary fuels, however, should be ignored in the 
calculations of apparent consumption since the carbon contained in these fuels is already . 

accounted for in the supply of primary fuels from which they were derived (e.& the estimate for 
apparent consumption of crude oil already contains the  carbon from which gasoline would be  
refined). Flows of secondary fuels should. therefore.be calculated as follows: 

, 
' 

Imparts - Exports - Stockchange 

Note that this calculation can result in negative numbers for apparent consumption.. This is a '  
perfectly acceptable result since it merely indicates a net export or stock increase in the country 
of that fuel when domestic production is not considered. 

The IPCC-recommended default methodology calls for estimating apparent fuel 
consumption'before converting to a common energy unit. However,' certain primary fuels.in the 
US. (e&, natural gas and steam coal) have separate conversion factors for production, imports, 
exports, and stock changes. In these cases, kis not  appropriate to multiply apparent consumption 
by a single conversion factor since each of its components have different- heat contents. 
Therefare, US. fuel statistics were converted to their heat equivalents first, followed by the 
estimation of apparent consumption. The reiults are  provided in Row F of Table A-IO. 

. .  

I .  r 

; 
i 

' For the US., national aggregate energy statistics typically exclude data on the U.S. territories. As a 
result, national statistics were adjusted to include production, imports, exports, and stock changes within 
the U.S. territories. t .  
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3. Estimate Carbon Emissions 

Once apparent consumption is estimated, the remaining calculations are virtually identical 
to those for the bottom-up approach (see Section I above). That is: 

.- 

" . TableA-11)2 ' ,  ' . ' . ' .  

Potential carbon emissions are  estimated using fuel-specific carbon emission factors (see 
. .  . .  

, .. 

. .  
. .  . .  

. .  :. . . .  
. .  

. .: . .  . .  

.,. , .., . . .  

I 

. .  . .. .. . .~ . .  , ~. 
1 ;,, . .  . , ~  , 'The carbon sequestered in non-fuel us& of fossil fuels (e.g., plastics or asphalt) is ihen .',,, 

estimated and subtracted from the total amount of carbon (see Tab1e.A-12). 

The carbon contained in bunker fuels is subtracted from the remainkg amount of carbon 
t o  obtain net carbon emissions (Rows C and D in Table A-13).3 

. 
, , %  ,~ 

. I .  

- .  . . .  
.. . . ,  . . . 
.. , 

. . 

. . , . .  . Finally, to obtain actual carbon,emissions, net carbon emissions are adjusted for any 
. _  carbon that remains unoxidized as a result of incomplete combustion (e.g, carbon 

contained in ash or  soot; see Rows E and F in Table A-13): 

4. Convert to CO, Emissions 

Because the IPCC reporting guidelines recommend that countries report greenhouse gas 
emissions on a full molecular weight basis, the final step in estimating CO, emissions from fossil 
fuel consumption is converting from units of carbon to units of COT Actual carbon emissions 
were multiplied by the molecular to atomic weight ratio of CO, to carbon (44/12) to obtain total 
carbon dioxide emitted from fossil fuel combustion. The results are contained in ROW G of Table 
A-13. 

111. Comparison Between The Two Methods 

These two alternative methods can both produce reliable estimates that are comparable 
within a few percent. T h e  major difference between these methods lies in the energy data used 
to derive carbon emissions (Le., actual reported amsumption for the bottom-up methodology vs. 

Carbon coefficients from EM were used wherever possible. Because EIA did not provide 
coefficients for coking coal, steam coal, coke, and natural gas liquids, the IPCC-recommended emission 
factors were used in the top-down calculations for these fuels. 

Bunker fuels refer to quantities of fuels used for international transportation. The IPCC 
methodology accounts for these fuels as part of the energy balance of the country in which they were 
delivered in end-users. Thus, CO, emissions from the combustion of those fuels are attributed to the 
country of delivery even though most of the actual emissions may occur outside its boundaries. This is 
done to ensure that all fuel is accounted for in the methodology. For informational purposes, the IPCC 
methodology originally recommended that emissions from bunker fuels be estimated separately, but not 
subtracted from the national total. However, at the 9th session of the INC, it was recommended that 
countries report bunker fuel emissions separately and exclude these emissions from the national total. 

For the porrion of carbon that is unoxidized during coal combustion, the IPCC suggests a global 

3 

average value of 2 percent. However, because combustion technologies in the US. are more efficient, the 
US. inventory uses 1 percent in its calculations. 
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Coal, . . cas. . . . .  Oil. . . .  TOTAL~ , 

18,943 . .  19,348 34,001 72,291 

18.882 . . 19.297 33,009 71,189 

apparent consumption derived for the top-down methodology). In theory, both approaches 
should yield the  same results. . In practice, however, slight discrepancies may occur. For the U.S.. 
these differences are discussed below. 

1. 
, .  

. . . . . .  
Differences in Total Amount of Energy Consumed . ' 

' 

. . . . .  

. . . . . . . . . . . .  . .  > ,  . . 
. .  

. .  
Energg Consumption in the US.: @ottom-Up:Versus TO&DOI&''M~~~&?I&' ' '. .- .~ ,. 

. .  . .  ':.: (Trillion Btu) . . .  . . . . .  
, .  ,- 

Difference +0.3% +0.3% +2.9% +l.S.% 
I1 I I I 11 
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Coal Gas . Oil. TOTAL 

485 280 611 1,436 
~ _ _ _ _ _ _ _ _ _ ~ ~  . ,  . .  

>' ..' Bottom-Upb 

~ o p - ~ o ~ ~  491 279 654 1,424 

difference ,1.2% +0.3% +2.5% 0.8% - 

not typically estimate the energy content of a "steam coal" category. However, this 
overstates the  bituminous fraction of the steam coal because a portion of 
bituminous production is also part of coking coal. 

. Possible inconsistencies in U.S. E n e r w  Data: The  U.S. has not focused its,energy ' '  

,,to o&in reGable.energy data: . . ..: :. :,, ,, 

. 

. .  

data collection efforts on obtaining the type of.aggregated information used in the. . ' . : 

of detailed. energy consumption data.k a more, accurate methodolo& for the US: . ' . , .  ." 
. .  . .  . .  top-down methodology. Rather, the U.S. believes that its emphasis o n  colleixioo. :' :, . .  . .. 

. . .  . .  . 
, .~ , . . ,  ~ , .  , . . ,  .., .,. .. .. . .  . . .  . ., . . ,  . 

. .  . .  . .  . I. 
. , . .  ..,. . .. , .  . . .  

r . . . . .  . .  . . Balancine Item:' The  top-down method us,es uppurenf &nsumption estimates whiie L. - 

L. . .  . . .. \ 
+:, . ,  ' 

the  bottom-upmethod uses reported consumption estimates. m i l e  these numbers . 

should be equal, there always seems to be a slight difference that is often 
accounted for in energy statistics as a "balancing item." 

, .  

. . .  . -  . .  

._ . .  , .  , Given these differences in energy consumption data; the next step for each methodology 
involved estimating emissions of CO, The following table summarizes the differences between 
the two methods in potential carbon emissions. 

I 

a 

PLF previously shown, the bottom-up methodology resulted in a 1.5 percent higher estimate 
of energy consutnption in thc U.S. than the top-down methodology, but the.resulting estimate of 
carbon emissions was only 0.8 percent higher. Since natural gas figures were consistently higher 
in the bottom-up methodology and the oil figures showed only a small variation, the major source 
of the difference was due to coal estimates, where the bottom-up method yielded coal 
consumption that was slightly higher and emissions that were lower than in the top-down method. 
Potential reasons for these patterns may include: 

' 

. .  . Product Definitions: Coal data is aggregated differently in each methodology, as 
-. , 
, _,. .,' 

noted above, with U.S. coal data typically collected in the format used the bottom- 
up methodology. This results in more accurate estimates than in the top-down 
methodology. Also, the top-down methodology relies on a "crude oil" category for 
determining petroleum-related emissions. Given the '?any sources of crude oil in 

,. 
. .  
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t h e  US., it is not an easy matter'to track potential differences in,carbon content 
between different sources of crude, particularly since information on ,. the carbon 
content of crude oil is not regularly collected. 

. . . .  . . .  .... 
I .  , , .  . . . . .  . .  . . .  . . . . . .  . . . . . .  

. .  

. . Although the two estimates using different.methodo1ogies are. fairly close, the US. 
believes that the  bottom-up methodology.provides a more accurate assessment of CO, emissions 
for the U.S. This is largely a result of the data collection techniques used in the U.S., where . 
there has been more emphasis o n  obtaining the detailed, products-based information used ,in the 
bottom-up methddology than obtaining the aggregated energy flow data used in the top-down 
methodology. However, the U S .  believes.that it is important to understand fully the reasons for 
the differences between the two methods. At this time the U.S. is actively involved in evaluating 
the reasons for these differences. The US. will~continue to work with. the IPCC/OECD . 
Greenhouse Gas.Emission Inventory Programme as further information becomes available. 

. . '. 
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Table A 4  COZ EMISSIONS FROM FOSSIL FUEL CONSUMPTION FOR ENERGY IN US. TERRITOWES - 1990 

Territory Consumption 

. .  . .. . .  , . . :  ' .  : . .  
' . Conv&ion Fadbrs (BtulShort Tonand Million Btu/EbmO ' . . . .. 

[ H I  24.4 I 5.825 I 15.670 I 4.011 I 6.065 I 4.620 I 6.287 I 5.796 1 
Territory Consumption of Fossil Fuel for Energy (billion Btu) 

I American Samoa 5.5 1.4 0.0 0.0 0.5 0.0 0.2 7.7 
0 ' Guam 10.2 10.6 0.3 0.0 3.9 0.5 0.2 25.6 . . 
K PusrtoRico 45.7 25.7 . 3.5 0.7 ' 77.1 84.4 44.4 281.5 

9.6 9.7 11.3 0.0 6.6 36.7 38.5 112.4 L U.S.'Virgin islands 
. M ' Other US. P a c k  Island 2.3 0.8 , 0.0 0.0 0.8 0.0 0.0 4.0 

N N  a b  Island I I 0.6 15.3 0.0 0.0 0.0 0.0 1.9 I 17.9 I 
88.9 121.6 85.3 1 449.0 I 454.4 o ~ O T A L  5.4 I 74.0 63.5 15.1 0.7 

Carbon Coefficients IMMTIQuadriliion mu) 
I P R  25.14 I 19.95 I 19.74 I 17.16 1 20.24 I 19.41 I 21.49 I 2031 I 

Territory Emissions from the Consumption of Fossil Fuel for Ensray (MMTCE) 
0.1 0.0 0.0 : 0.0 0.0 0.0 0.0 0.2 . 

. ' 0.2 0.2 0.0 0.0 0.1 ' 0.0 0.0 0.5 
0.9 0.5 . 0.1 ,o.o 1.5 1.8 0.9 5.7 
0.2. 0.2. 0.2 0.0 0.1 0.8 0.8 2.3 

her.U.S. Pacific Island 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
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Table A-5: EMISSIONS FROM BUNKER FUEL CONSUMPTION - 1990 

.,. . .  

.. 

. . . . . .  

, .  . .  . . . . . . . . . . . . . . . .  .:. :.. . . .  

. - Bunker Fuel Consumption (Trillion Btu) 
I Q . IITOTAL - " 1. 263.8 . 716.0 . 112.7 I 1092.41 

. . .  
. . . . . .  , I  

, .  , -  , , , 
, . .  ' .  . .. . .  

Carbon.Coefficients (MMT/QBtu) 

Emissions from Bunker Fuel Consumption (MMTCE) 

I II I 19.74 I 21.49 1 ~ 19.95 

1 

.. 
R 

z I~TOTAL 1 5.2 15.4 2.2 11 22.8 I 
I AA ][Fraction Oxidized I 0.990 I 0.990 I 0.990 I 

Actual Emissions from Bunker Fuel Consum-ption (MMTCE) 
5.2 15.2 2.2 11 22.6 1 I BB 11 

Sources: Residual and distillate fuel consumption are form EIA (1992~). Jet fuel ConSUmptiOn 
is from ORNL (1993). Thebarrels to B!u conversion factotors are from EIA (1994b). 
Carbon coefkienk are the same as used in Table A-1 

, . .  ~., . . .  
; : . j  ; ., 
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Table A-6: Summary of U.S. Emissions - 1990 

A B C D . E  
Coal Natural Gas Petroleum Total Total 

[MMTCE) (MMTCE) (MMTCE) (MMTCE) (MMTCO2) 
1.6 . .  65.3 2 4 . 0 ' , :  ' 90.9 . . -333.2 ' 

2.4 , , .  ... . 39.0 .: ',.':18.0. .~ 59.4. :I . ,217.8.: 
68.3' . "  .118.9.' ':.103.5 . 290,7'. .'1065.9.. 

' ' 0.0 " - 9 . 9 '  , .  ' :: "399.9 '  '409.8 1502.6.-: 
407.3 ' 41.3 - ~ '26.6 . 475.2 ' 4742.5 

Column 

Sector 

Transportation 

U.S. Tenitories 

, 

.. 

'0.1 0:o ' '  9.0 ' I 9.1 1 "  33.4 1, 
1 G ]!TOTAL I 479.6 274.4 581.1 I 1335.1 I 4895.4 I. 
I H ITOTAL (MMTC02) I 1758.7 1006.1 2130.7 I 4895.4 I 

SOurCeS: Tables A-1 through A 3  

Note: Bunker Fuels aaounl for emissions of 24.6 MMTCE and are already subtracted in the above table. 

! 
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Table A-7: END USE SECTOR EMISSIONS COMPARISON - 1990 

I. 

+ .. - [TOTAL I 2713.0 1 .o 475.2- 859.9 1335.1 I 
. I  . ,  . . .  . . .  . .  ,,. ;. 

. ?  I . .  - 
sources: Electricity consumption by sector is from Tables 13-16 of State Energy Data Repolt. 

1992 (EIA, 1994b). All other information is taken from Tables A-1 and A-2. ~ 
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ANNEX B 
EMISSIONS FROM MOBILE COMBUSTION 

. . 

mode (ie.,~ road, .rail, air), vehicle'type, aod,friel type. ,ne emissiohkstimatek for:NOi, ' 

EPAk Nationa1,Air Pollutanf Emissions Trends,. 1900 - 1992 (U.Si EPA,, 1993b). This EPA report ' 

provides ehissiod'estirnates for these gases by sector and fuel type using a "top down" estimating 
procedure-the emissions were calculated either-for individual sources or for many sources 
combined using basic activity data (such as amount of fuel delivered, or miles travelled) as 
indicators of emissions. 

Greenhouse gas emissions from mobile sour- in this section are reported by transport 
: 

NMVOCS, and CO'(U..S.' critena'poliutan~).in this section were'taken direCtfi from the U.S. . ' . .  
'. ' ' 

-.. . 

..,.. 

Estimates for methane and nitrous oxide emissions from mobile combustion were 
calculated by multiplying the appropriate emission factors provided in OECD (1991) by the source 
numbers of each activity level. National activity data for individual source categories were 
obtained from a number of publications from U.S. agencies. Depending on the source category, 
these basic activity data may include fuel consumption or deliveries, total vehicle milk travelled, 
etc. Activity data used in conjunction with emission factors relate the quantity of emissions to the 
activity. 

Estimates of NMVOCs, NO,., and CO Emissions From Mobile Combustion 

, .  

Estimates of NMVOCs, NO,, and CO emissions from gasoline and diesel-powered motor 
vehicles reported by EPA (1993b) are based upon vehicle miles traveled (VMT) and emission 
factok. For NMVOCs, NO,, and CO, emission factors were obtained from the MOBILEA model, 
a model used by the US. EPA as a tool for estimating exhaust and running loss emissions from 
highway vehicles in nonattainment areas and urban air sheds. The emission factors developed by 
the Organikation for Economic &-Operation and Development of the IPCC (OECD, 1991) were 
 derived from data used in this model. The MOBILE4 model requires information on ambient 
temperature, vehicle speeds, gasoline volatility, and other variables for emission calculation. 

Emissions of NMVOCs, NO?, and CO from aircraft reported by EPA (1993b) are based 
o n  the number of take-offs and landings reported by the Federal Aviation Administration (FAA, 
1990-92 and 1992) and AP-42 emission factors for various types of aircraft! Average emission 
factors were calculated which take into account the national mix of different types of aircraft used 
for general aviation, militaly, and commercial purposes. 

Emissions from railroads are calculated by EPA based on diesel, coal, and residual fuel 
wnsumption by railroads, as reported by the Energy Information Administration (EM) of the 
U.S. Department of Energy (U.S. D O E  EIA, 1993~). Average emission factors that are 
applicable to each type of fuel were used. 

Emissions from vessels operating inside the U.S. boundaries are based on: 

. diesel, residual fuel, and coal consumption data reported by the 

Emission occurring when aircraft are above 3,000 feet are not. included in these estimates. 
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U.S. Department of Energy (U.S. DOE) 

. marine gasoline sales data reported by U.S. Department of 
Transportation (U.S. DOT) 

. national boat and, motor registration and usage factors 
. , .  . , .  , . ,  

, .  , .  . AP-42 emission factors ;> . .  
> 

. .  Emissions .from coal-fired vessels were based o n  an aver.age emission factor for coal 
combustion in boilers. Emissions from off-highway vehicles were calculated from estimated fuel 
use (based on each equipment subcategory, population data, and an annual fuel use factor) along 
with fuel deliveries of diesel and gasoline reported by the U.S. DOE and U.S. DOT. 

Estimates of CH, and N,O Emissions From Mobile Combustion 

*I  .. . 
- 

Estimates of CH4 and N,O emissions from gasoline vehicles (motorcycles excepted) were 
determined by multiplying the appropriate emission factors provided in OECD (1991) by the 
source numbers of each activity level (the distance traveled by each vehicle category and emission 
control type). The source number of each activity level was determined from: 

. travel fraction of each model year (the fraction of the vehicle miles 

distribution of control technology in each model year 

total vehicle miles travelled by each vehicle category. 

travelled or VMT attributed to a particular model year) 

. 

. 
Data were obtained from the U.S. EPA's National Vehicle and Fuel Emissions Laboratory 
(Brezinski el al., 1992; Carlson, 1994; Nizich, 1994; U.S; EPA 1992b) and the U.S. Department of 
Transportation (FAA, 1990-1992 FAA, 1992; U.S. DOT, 1993). Data for all gasoline vehicles are 
presented in Table B-1. Given the uncertainty underlying these estimates, an arbitrary uncertainty 
range of  2 50 percent was assigned to the resulting emission totals. 

' . 
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Table B-1. Gasoline Vehicle Data 

Vehicle Type 

Diesel Passenger Cars 

Light Duty Diesel 

Heavy Duty Diesel 

Motcircycles 

. ;.. . . .. . 

. . . ,  

. .  . j  ,. .. 

Source: 1. 

2. 

VMT are from US. Department of Transportation, Federal Highway 
Administration, and US. EPA (Brezinski, 1992). 
Distribution of control technologies are calculated from 11,s. EPA data (Brezinski, 
1992). 

Because the travel fraction and control technology data for diesel vehicles and motorcycles 
are currently not available from the U.S. EPA, emissions for these vehicle types were calculated 
as a range by multiplying the total source activity level (Le., the total vehicle miles travelled) 
available from the U.S. EPA by the high (uncontrolled) and low (advanced) emission factors 
provided for each categoly (OECD, 1991). The emission estimate reported in the inventoly for 
diesel vehicles and motorcycles is the midpoint of this range. The data used are included'in Table 
€3-2. 

Vehicle Miles Travelled (IO6 Miles) 

12,000 

4,000 

106,000 

1 1,000 
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estimated using (1) emission factors' (OECD, 1991) and (2) fuel use by subcategory (US. DOT, 
1992; FAA 1990-92 and 1992). The data used are included in Tables B-3 and B-4. 

- 
Fuel Category Fuel Quantity (U.S.'Gallons) . .' . .  

Residual I Diesel. . Other' ' 

~ ~ 

Bunkers 

Boats 

~ ~ ~ ~ ~~ ~ ~ ~~ 

4,686,100,000 549,200,000 NA 

1,562,000,000 1.647.000,000 1.300,400,OC@ 

Lowmotives 

' N,O emission for jet and turboprop were not available from OECD. 

3,210,100,000 + 
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ANNEXC 
ESTLMATION OF 1990 METHANE EMISSIONS FROM 
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1990 methane emissions 'from enteric fer-mentation in cattle and from animal manure '. 
management. This information is provided in order to.enable the reader to verify the.emission 
estimates presented in Part 4 of the inventoly. All of the information contained in this annex is 
taken from U.S. E P A  (1993a), to which the reader is referred for more detail. 

Methane Emissions from Enteric Fermentation in Cattle 

Thisannex presents a detailed explanation of the methodoio&.s and data used to estimate 

To estimate 1990 methane emissions from enteric fermentation in cattle, detailed analyses 
of rumen digestion and antmal production were performed using a mechanistic model of cattle 
digestion. This model, originally described in Baldwin et  al. (1987), explicitly models the 
fermentation of  feed within the rumen, and estimates the amount of methane formed and emitted 
as a result. Since the original model of Baldwin et al. was developed for application to lactating 
cows, it was revised to enable evaluations of a wider range o f  animal types, sizes, and stages of 
maturity, as well as a wider range of diets. 

To  apply the model, representative cattle types and diets for five geographic regions of the 
U.S. were defined. The cattle type categories represent the different sizes, ages, feeding systems, 
and management systems that are typically found in the U.S. Representative diets were defined 
for each category of cattle, reflecting the  diversity of diets that are found in each of the five 
regions (Figure C-1). Each cattle type within each region was evaluated using the model, 
resulting in emission factors (kilograms CH4/head/year) for each type in each region. 

The following animal types were defined for the cattle population: 

Dairy Animal Types 
Replacement heifers 0-12 months of age' 
Replacement heifers 12-24 months of age 
Mature dairy cows (over 24 months of age) 

. 
Beef Animal Types 

Replacement heifers 0-12 months of age 
Replacement heifers 12-24 months of age 
Mature beef mws.(over 24 months of age) 
Weanling system heifers and steers' 

' "Replacements" are the offspring that are retained to replace mature cows that die or are removed 
from the herd (culled) each year. 

In "weanling systems", calves are moved directly from weaning to confined feeding programs. This 
system represenu a very fast movement of cattle through to marketing for slaughter. Weanling system 
cattle are marketed at about 420 days of age (14 months). 

c- 1 



Figure C-1: Geographic Regions Used in the Analysis 

Yearling system heifers and steers3 
Mature bulls 

Due to their small number, mature dairy bulls were not evaluated. Dairy calves that are not kept 
as replacements are  generally fed for slaughter. Therefore, these animals were included in the 
total for weanling and yearling system heifers and steers @e.,  heifers and steers grown for 
slaughter). Tables C-l and C-2 summarize the size, age, and production characteristics used to 
simulate each of the representative animal types. 

A total of 32 different diets were defined to represent the diverse feeds and forages 
consumed by cattle in t h e  U.S. Fourteen diets were defined for dairy cattle: six for dairy cows 
and four  each for replacement heifers 0-12 months and 12-24 months. Eighteen diets were 
defined for beef cattle: three each for beef cows, replacements 0-12 months, weanling system 
heifers and steers, and yearling system heifers and steers; four for replacements 12-24 months; and 
two kir  beef bulls. 

' "Yearling systems" represent a relatively slow movement of cattle through to marketing for slaughter. 
These systems include a wintering over, followed by a summer of grazing on pasture. Yearling system 
cattle are marketed at 565 days of age (18.8 months). 
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Table C-1. Representative Animal Characteristics: .Heifers and Cattle Fed for Slaughter 
I I I 11 

Initial 
Weight Animnl Type 
(W' 

Other Initial Age Final Age 
Final 

Weight 
(k) (days) (days) 

. .  
Replacement Heifers? .. . . . . . . . .  . . . . .  

. .  . .. . .  . . . .  . . .  -- Dairy Replacement Heifers: 170, 285 , 165 ,: 365 . . . . . . .  
0-12 mbnth., . ' 

. .  , , , . , . . 

. .  
Daily Replacement Heifers: 28s 460 365 730 : '.- Pregnant 
12-24.months , 

Heef Replacement Heifers: 16.5 270 165 365 _. 
0-12 months 

Reef Replacement Heifers: 270 390 365 730 Pregnant 
12-24 months 

Feedlot Fed Cattle for Slaughter: 

. .,. 
. . .  

. . .  

a 
b 
C 

All weights reported as empty body weight. 
Includes 260 day stocker period principally on forages and a 140 day feedlot period with a high grain ration. 
Includes a 257 day feeding period; initially at 30 to SO percent concentrate (125 days), foll&ed by 132 days 
of a high grain ration. 

Yearling systemb 

Wemling System' 

Source: US. EPA (199%) I1 

I 70 480 1 65 565 led to 26-27% 
CarGm fat 

170 4x0 165 422 fed to 29-3095 
cdrcm fat 

I Initial nnd Final LactatiodDry Milk Production! 
Animal TVDe Weieht Periods Lactation 

I 550 I 305/60 

Other 

Heef Cows 

Heef Hulls 

Source: U.S. EPA (19931) 

4.50 205/160 1,400 Pregnanl 

650 NA NA NA 

To derive emission factors for each of the cattle types in each region. the extent to  which 
each diet' is used in each region was specified for each cattle type. For example, in the North 
Atlantic region, it was estimated that one third of the mature dairy cows are fed Dairy Cow Diet 
1, one third Dairy Cow Diet 3, and one third Dairy Cow Diet 5 (Table C-3). The specification of 
the regional diet mixes was based on comments from cattle experts in different regions throughout 
the U.S. and o n  data on regional feed availability. 
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The regional emission factors for mature dairy cows were estimated by applying the cattle 
digestion model to the average diet and the average annual milk production per head in each 
region (Table C-4). For the other dairy cattle types and all of the beef cattle types, emission 
factors were simulated for each of the defined diet types, and, then using the diet percentages 
assigned for each region, weighted average emission factors were calculated for each animal type 
in each region. ,fi,e statistics use$ in  these simulations, and the re'sultant . .  regional emission , . .  factors 
are summarized in T a b l e  C-S'through C-11. ' ' , 

. .  .., .., 
. , .  . .  . , . .  

. . .  
> .  

Table C-4. Regional Estimates of Methane Emisslons from Mature Dairy Cows 
. ' Statistics for the Average @lrnal Modeled 

Milk Production 

a ME = metabolizable energy 
b 
Note: 

Source: U.S. EPA (1993~1) 

Digestibility is reported as simulated digestible energy divided by gross energy intake. 
Regional diets are weighted averages of the diets shown in Table C-3. 

To estimate national emissions for each cattle type, the regional emission factors were 
multiplied by regional populations of each type (Tables C-12 and C-13). For all but the feedlot 
cattle, the average 1990 regional populations were taken from published statistics (Schoeff and 
Castaldo, 1991; USDA, 1992a). Emission factors for the feedlot fed cattle (i.e., for yearling 
system and weanling system cattle) are based on the entire model simulation period, which is 
greater than 365 days for both systems. Therefore, the yearling system and weanling system cattle 
populations were derived from 1990 slaughter statistics (USDA, 1992b; CF Resources, 1991). 
National emissions Gom the entire cattle population are estimated by summing the emission 
estimates for all cattle types! 

The total number of cattle marketed for slaughter from feedlots in 1990 was estimated at 26.3 
million. This figure was used to estimate emissions from feedlot fed cattle assuming that 80% of the cattle 
were produced using the yearling system and 20% were produced using the weanling system. Using the 

., . 



Table C-5. Reeional Estimates of Emissions from Dairv Realacement Heifers: 0-12 Months 

Diet Description 

- 
Statistics for the Average Animal Modeled 

I 

Diet 1 Diet 2 Diet 3 Diet 4 

75% alfalfa . High quality Corn silage 
Alfalfa hay hay, 25% .,. grass forage .with.protein 

mncen? (CP=18%)b to 14% CP 

Feed consumed per 
year (kg DM) 

ME' consumed 
( M W  
Diet ME (Mcalkg) 

Average feed 
digestibility (%)d 

Methane emissions 
(kglheadlyr) 

69 

2623 2613 

2.35 2.48 2.70 2.69 

.-:. .:'.L 14 21.4 20.0 - 20.1 

.. 1116 1080 967 

62 65 67 

Regional Distribution of Diets (%r. 
North Atlantic 25% 60% IS% 

South Atlantic 33Y" 67% 

North Ckntral 25% 50% 25% 

simulated lifetimes for the yearling system cattle (565 days) and  the weanling system cattle (422 days), the 
implied total annual average population of cattle needed to support  this level of feedlot fed cattle 
slaughter is estimated as 38.6 million as follows: 

Emissions 
(kglheadlyr) 

19.5 

20.5 

18.9 

(SO%yearlingsystem x 565days) + (2O%weanlingsys1em x 422days) 
365 days 

26,3miUion = 38.6milIion 

South Central 

When added to the annual average populations for the other cattle types, the  total annual average U.S. 
cattle population is estimated at 103.8 million, which is wnsistent with the January 1 and July 1 
population estimates reported by USDA (1992a) for 1990. This method for estimating the population and 
emissions from feedlot fed cattle is appropriate because the'population of feedlot fed cattle has been stable 
in recent years. 

IS% us % 20.3 

C-6 

West 50% 25% 25% 20.7 



Table C-6. Regional Estimates of Emissions from 
Dairy Replacement Heifers: 12-24 Months 
Statistics for the Average Animal Modeled 

. . .. . .  

. . .  . .  . .  
. .  

. . .  

~ .. ~. 

Regional Distrihution of Diets (%)' 

North Atlantic 25 % 50% 25% 

South Atlantic - 25% 10% 45 % 20% 

North Central 33% 33% 33% - 

South Central 20% 80% 

, .  

:. ... 

Emissions 
(kgmeadlyr) 

5.3.4 

58.7 

57.4 

61.7 

West .- 50% 2% 25% 61.2 

Source: US. EPA (1993a) I1 
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.. . 
i- , . 

Diet 1 Dlet 2 Dlet 3 

Pasture for 
7 mou, mixed 
. hay for 

5 mas' 
Diet Description 

Pasture'of pasture with 
-' 

varying 4 mas Of 
qua I i ty supplementc 

' '  

Feed consumed per 
year (kg DM) 

'MEd consumed 
( M a l )  

Diet ME (Mcalhg) 

Average feed 
digestibility (%)e 

Methane emissions 
(kgmeadhr) 

. .  . ,  
3029 3172 2700 

: 

7370 773 I 7047 

2.43 2.44 2.61 

63 63 65 

63.4 71.7 53.7 

Emissions 
(kgmeadlyr) 

60.5 

70.0 

North Atlantic 

59.5 

70.9 

69. I 

80% 20% 

a 

b 
C 

d ME = metabolizable energy 
e 

f 

Seven months of pasture declining in quality as the seasons progress. Five month! 
of mixed hay, grass with snme legumes. 
Pasture quality varies with the seasons. 
Pasture with four months of supplementation using a mixed forage (80 perant) 
and conaotrate (20 percent) supplement. 

Digestibility is reported as simulated digestible energy divided by gross energy 
intake. 
Regional distribution of diets shows the extent to which each of the three diets is 
used in each region. The emissions estimates are the weighted average emissions 
using these percentages. 

Source: IJS. EPA 11993a) 

South Atlantic 

North Central 

South Central 

20% 80% 

60% 40% 

10% 90% 



... , ,  
. \ . ' < ,  . 
I : ::. 
'. -.i . .  . . .  , 

, .  . . .  . . 

Diet 1 Diet 2 Diet 3 

Legume, Very high . Corn silage 
,Diet, Description pasture with . quality grass. supplemented 

Feed'cons'umed per year 984 . ' 1011 .. . ,922 

. .  . .  supplements ' : (18%'CP)b ' t o  14% CP' . . .  
. .  

(kg DM) . .  .. . . . .. . . .  .,. 
. .  . - .  

. . 

ME' consumed (Mcal) 2443 2614 

Diet ME (Mcalkg) 2.48 2.66 2.S8 

Regional Distribution of Diets (%)c 

6.5 Average feed digestibility 
(%Id 

Emissions .I (keheadlvr) 

68 68 

18.1 Methane emissions 
(kelheadlur) 

27.2 

North Atlantic SO% 20% 30% 19.2 

South Atlantic 

a 
b CP = Crude protein 
C ME = metabolizable energy 
d 
e 

Concentrate = 25 percent of ration 

Digestibility is reported as simulated digestible energy divided by gross energy intake. 
Regional distribution of diets show the extent to which each of the three diets is used in 
each region. The emissions estimates are the weighted average emissions using these 
percentages. 

SO% SO% 22.7 - 

Source: US.  EPA (1993a) 

North Central 
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33% 33% 33% 20.4 

South Central 40% 60% 23.6 

West 50% SO% 227 
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South Atlantic 

Table C-9. Regional Estimates of Emissions from Beef Replacement Heifers: 12-24 Months 

I 673 SO% 40% 10% 

- 
Statistics for the Average Animal Modeled 

Diet Description 

Regional Distribution of Diets 

North Central 33% 33% 33% mn 

North Atlantic I I SO% I SO% I 

I 
South Central 

West 

no% 20% 67.7 

33% 33% 33% h4.n 

a 
h 

C 

d 

e ME = metabolizable energy 
f 
s 

165 days of high quality grass followed by 200 days of intermediate quality grass. 
120 days of high quality grass followed by 125 days of intermediate quality grass -- grass hay provided 
for 120 days during winter 
120 days of high quality grass followed by 125 days of intermediate quality grass -- medium quality 
alfalfa with a corn:soyhean meal concentrate ( 2 5  percent) provided for 120 days during winter 
120 days of high quality grass followed hy I25 days of intermediate quality grass -- corn silage 
supplemented It1 14 percent (:P provided for 120 days during winter 

Digestibility is reported as simblated digestible energy divided hy gross energy intake. 
Regional distrihution of diets shows the extent to which each of the three diets is used in each 
region. The emissions estimates are the weighted average emissions using these percentages. 

Source. U.S. EI’A (1993a) I 

c-10 
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. . .  . .  Table e-11. Regional Estimates of Emissions from Feedlot Fed Cattle: Weanling System 
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. .  
Statistics for the Average Animal Modeled 
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, .  

. .  

' . ' '  

(2). Estim'ate total annual methane emissions for animal i by summing annual emissions over all 
. .  

applicable manure management systems j and states k. 
. . .  

I. , . .  . .  

. . (3) Estimate total annual methane emissions from all animals by summing over all animal type+ i: ' ' : . . . . . .  . .  , .. . . . . . . .  ..... %.. .. 

... ~ ,,.. , . . , , . .  ... 
. . .  . ' 

Table C-13. Methane.Emissions FromEnteric Fermen&ion in UJ Bkf Cattle "., , .  '' 

I Emissions ' Reglon/Animal Type 

North Atlantic , ~ , '.'. ., . .  
. . .  

Replacements 0-12 months ., :.??.' 
.-Replacements 12-24 . months-: 1 . . 

South Atlantic : 
.Replacements 0-12 months ' . 
Replacements 12-24 monihs , . 
.Mature cows ' , ' ' ' . 

North Central 
Replacements 0-12 months 

.Replacements 12-24 months . . 
Mature Cows' 
Weanling system Steersmeifersb . . '- 

!Yearling S+t,em Steersmeifers . 

souiti Central :.,;, ' , , ':,, :, '8 - . . . .  :.: ,, 
RepT;lcements 0-12 months . ' 

Mature Caws . - , .  . 

, . . .  

. .  . . . . .  . . . . .  . . .  . .  

, ,  

Mature raws . .  
Weanling System Steersmeifem . . ~ 

Yearling System Steersmeifers '. .'. '. 

. , . .  , , .  . , .  

National Total . . ' . ' . .  
Replacements 0112 months 
Replacements 12-24 months 
Mature Cows 
Weanling system Steersmeifers 
Yearling System Steersmeifem . ., 
Hulls 

I .  

Totald. . , .  

Emissions Factor Population 
(Ir%h.a*) ' (OOO Head)' 

223 , ' ' 5,535 
65.0 .. : 5,535 . . .  
66.7 , . .  ' '  ~ 33,478 
23.1 . ., . ' . 5,260 
47.3 ' ' 21.040 

. .  . .  

100.0 I 2,200 

0.013 , . 
. , , .  .. : . 0." , .:'. , '  

,:, . 0.239 . .\ 

.., .. , ........... , .  
. , ' ' 0.032'":: . . 

. ' .o .w ' "'. 
. . 0.630 
. .  ~ - . , 0.067 . .  

... :.,'.', 0.557 ..... . .  
:,,'...'. ;; . . . . . . . . .  .... .?.  .. 

0.468 .., .-.: 
. .  .0.027. . . : .  

. . .  . .  

0.122 ' ', . 0.994' . . . . . . . .  
' . ,  ' . 0.220 . ,::: 

1 4.054 . ' 47.5 85,398' ' ' " I 
a '  . .  . . .  Population for slaughter steers and heifers in each region is the number slaughtered nqualiy. . .  
h . . , The emislions from Yearling and Weanling System steers and heifers are, assigned to the regions in wiich 

. . .  . . ,  
' they are managed in feedlots: . . .  ' . , , ' .  : , ' . . . .  . ,  

I , ,  
. .  

. . .  
I .  

" . ', ' ,The national population is estimated using the average annual populationof Yearling and Weanling System 
. .  . .  ........ . . .  ,, ,', . ,  . .; . . '  

. ,  . .  
I _  . . .  _ .  . .  . . .  . . .  

. ,  
, .  ' . cattle: ' 38.65 million. See text. ' , : 

3. - '  . Total may not add due IO rounding. , ~ .  . l .  

f 

k .  . 

I 

1 
! 

' . .  1 
1 . . . . . . . . . .  . . ,  

i . . .  
, ,  
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Table C-14. U.S. Animal Populations,'Average Size, and VS Production . ,  

.. - 1 -  

. ,  
., 

.. , . 
. ., ..... . .  

' I , , ,  . . . . .  
. . .  . .  
.l. 

. . .  
, .  : 
>:, . , ' , 

,. 

Market - . . .  . 48,259,000 /.I :: 46. ' , I . .  84 8.5 " 

. . .  . . . .  
Horses and Mules ' I 2,405,000 . I . .  ..450: 1 . -  51, I ,..' 10 

a 
,. ' , . . -  

" 

. Population data for, swine, poultry, and sheep from USDA (1989a-0.. Goat, and horse population e t a  
from Bureau of Census (1987).,.,Population data for cqttle,arethe Same as those, used lo estimate .: .: , , 

. emissions from enteric fermentation in cattle in 1990: Population data %'of January I ,  1988 for pbultly,' 
and sheep and as of December 1, 1987,for swine; goils, and horses. Cattle populations represent an 

Bmilerhurkey populaiions estimated yearly based on number of flocks per year (North 1978; Carter 
. .  average for 1990. . .  

ource: MAE (1988). . . \  

. . .  b 

C ,. 
! '1989). 

. . . . . .  . .  
.~, ' Sour& Taiganides,and Slroshin 

. . . . .  . . .  . . .  . .  . .  
.. , :  

. 

. . .  .. . . .  
., I . .  ;. , ' 

Source: UX EPA (iw3a) 
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1.3%) "' . .  

. " 05% , ' ' 31.7% 

, ' . 0.2% . 

. . . . .  





. . . . . .  . . .  . . .  
. . . . . .  

.. 
. & . ,  . . 

. . . . .  . . .  
. .  

. . . .  . . . . . . .  . . . . . . . .  . . .  ~. 
. . . . . . . . .  . . . . . .  . . . .  . . . .  

. .  ' 
. .  , 

... ... . . . .  

. ,.' 

. . .  

. .  . , . . , . . 

. . .  

. ,.. , 
, . ~~. , ,  

. , .  I;, 
., 

estimated using a lagoon'rnethanogenesis model 'prepared, for U.S. EPA*,, were 40 to 100 
. . . .  . ,  percent of the base case. .. . .  
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