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mg‘sources andsmks of greenhouse gases and (2) 1t S i S a
pi‘ovxdes a common and conmstent mechamsm that . :
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The current U S. greenhouse gas mventory for’ rnining declinetl s1ightly due to small decreases in coal

1990-93 is summarized in Table ES-1. For the 1990 _production and increases in coalbed methane recovery.
N base year, total U.S. emissions were 1,444 MMTCE. 'N,O emissions remained relatively constant, while -
“To be consistent with the IPCC-recommended gulde- _ HFC emissions increased slightly, due to increased

.. lines, this estimate excludes emissions of 22.6 .. roductlon of HCFC- 22 which Jincreased by-product -
B MMTCE from ifiternational transport.” Changes in CO “ernissions o of HFC-23. Emiissions of PFCs have
“ " emissions fror fossil fuel consumption had the greatest ‘ remamed constant over the penod LR
. impact on U.S. emissions from 1990 to 1993, While .'. . .
.. U g emissions of CO, in 1991 were approximately 1.2 .- USS. emissions were partly offset by an uptake of
S percent lower than 1990 emission levels,.in 1992 they carbon in U.S. forésts 6f 119 MMTCE /This increase
SRS were about 1.5 percent over 1991 levels, thus returning . “was due to intensified forest management practtces and

' ermss1ons to about 1990 levels .This trend i 1s largely - the regeneratlon of fore St land previ ously cleared for
cropland and pasture :

“ 7.7 attributable to changes in total energy consumptlon ‘ s L E .
;' resulting from the economic slowdown in the U. S - " F1gure ES l 1llustrates the relatlve contnbutlon
«>v’é¢onomy and the subsequent recovery. Based on’

o the primary greenhouse gases to total U. . emlssrons
R preliminary data for 1993, the upward trend since 1991 i, 1950, Due largely 10 fossrl fuel consumption, CO :
-~ has continued, ‘with 1993 CO, ennss:ons from fossil -

~'emissions accounted for the largest share of Us. -
S fuel combustion approxlmately 24 percent greater than enussrons .- 85 percent These emissions were par- R
- 1990 r :

C e ce NRAE ‘ nally offset by the sequestratton that occun-ed on

o CH N O and HFCs an d PFCs represent a much forested lands Methane accounted for 11 percent of
S s aller portion of total emissi ons than CO Overall, total emxssrons mcludmg contnbunons ﬁom landﬁlls
. emissions of thése gases remamed relanvely constant N and agncultural ‘acnvmes among others The other
. from*1990 to' 1992 Methane emissions from coal 1. y

\:‘

o b house effect both dlrectly and mdlrectlya Du'ect effects”
__occur when the gas 1tself:s a gxeenhouse gas; mdnect
radtattve forcmg occurs when chezmca.l transformauon of

house gases; OF: when a gas influenc 10
hfetlmes of othe‘rmg‘as‘es Th'e' or cept of Global Warmmg _
Potential (GWP} has been developed to compare the
ability of each greenhouse gas to trap heat in the atmo— ’
sphere relative to another gas.. " Carbon digxide was i
chosen as the. “reference” gas | to be cons:stent wzth the T s o e
1993 U.S. Climate Change Action Plan. All es in this =
report are pxesented in ufns of miliion memcgta:nnes of The dmect GWP for methane 1s 11 The U S has
carbon-eqmvalent, or MMTCE Carbon comp ise accountecl ‘for)l_;oth the dueet and mduect e{fm of

1244,
of carbon dloxrde by welght.

' The Global Warmmg Potentm! (GWP) of a -
greenhouse gas is the rano of global warmmg, or radla- ’

of a greenhouse gas to one kxlogram of carbo dloxlde

A overapenodofume Whﬂeanymnepenodcanbe ,
‘ e selected, the lOO—year GWPS neeommended by the [PCC

T R
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prising abouf 2 percent of total U.S. emissions, HFCs
accounting for slightly over 1 percent, and PFCs about
0.3 percent. The emissions of the photochemically
important gases CO, NO, NMVQCs, and SO, are not
. included in Figure ES-1 bécause there is no agreed
N upon  method to estimate their contnbutlon to climate
' change These gases only affect radiative forcing
indirectly. Also, any gases covered under the 7" "
v . Montreal Protocol are not included in this ﬁgure
‘ ~ because their use is being phased out, and the IPCC

gases covered by the Montreal Protocol

- the emxss:on pathways, summarize the emission -
estlmates and explam the relatlve lmportance of
emlssmns from each source category. -

- Flgura ES1 ,. -
- TotaIUS Graenhouse Gas Emlsslons 1990

g '1352"_. ST s
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coz i CO2 . CHAL "o N2 . HFG. . ¢ Nst

. Emigiors . Ginks ., - o ot PFC\Emlubn: :
. Gas Typsa '
Ilcoz w T . B N2O -Hrapmj 3

T Largaly because of fosslt fual oonsumphon Q2 em’.ssrons acoounted ior .
| the largest share of U.S. emissions in 1980, AR

CARBON mome EMISSIONS“ g

The global carbon cycle ig made up of ]arge
. carbon flows and reservoirs. 'Hundreds of billions of
"~ tons of carbon in the form of CO, are absorbed by ~
oceans, trees, soil, and vegetauve cover and are emitted
" to the atmosphere annually through natural processes.
- When in equlhbrlum carbon flows between the vanous
teservoirs roughly balance each other. Since the - - -
i i 1o Industrial Revolution, however, atmospheric concen- -

: tratlons of carbon dioxide have risen more than 25

. percent principally because of the combust:on of foss1l
fuels (IPCC 1992)." While t.he combustion of fossﬂ
. fuels accounts for 99 percent of total U.S. CO, em:s-
' sions, CO, emissions also result dlrectly from mdus-
»trial processes Changes mn land use and forestry ‘
acuvmes both emit carbou dtoxnde (eg.asa result of _

" resuit of lmproved forest management actlvmes)

S . .\‘:, Pt a1 h
P

. anthropogenic sources and smks of carbon dioxide in

' .,‘produced through the combustion of fossﬂ fuels.” The
- Guidelines (IPCC/OECD, 1994} recommend excludmg \.

The fol]owmg sectlons present the anthropogemc
. sources of greenhouse gas emissions, briefly discuss

¢ | | Ceent Production
‘| [Lime Prod uc't'iofr

forest cleanng) and can act as a sink for CO (e g.asa

Table ES-2 summarizes U S emissions and
uptake of carbon dioxide, while the remainder of this
section presents detailed information on the various

remaining 12 percent comes from renewable or other

- . NAe e A

energy sources such as hydropower btomass and -

: Fuel Productlon and
- 'Processmg -

., _‘Lunestone Consumptron

1S0d4 Ash Productmn and B
' 3Cf.ntlsm:npnon :

Carbon Dl_oxl.deg'---
_Manufacture T

. ;Total

All Sources

pro ¢
“bunker ﬁlels uséd in international transport actwmes ‘ 'I‘he
C9th Sessmn mstructed connmes to report these emis-

exmssnons from bunker fuels were approxlmately 22, 6 :
i MMTCE in 1990,




nuclear energy (see Fxgure ES-2) As they bum, fossﬂ by electncxty for such uses es motors electnc‘fumaces
fuels emit carbon dioxide due to’ oxldauon ofthe *~ - and. ovens, and hghtmg R B L
. carbon contamed in the fuel. _,The amount of carbon in
_ fossﬂ fuels vanes s:gmﬁcantly by ﬁ.lel type For

it

lubncants can sto

Slmxlaﬂy, the fossﬂ.fuels used in ‘the manufacture of

em ; rele'a"sin

tlonal total ThlS approach 1s con{us ent w
Draﬁ Guza’elmes (IPCC/OECD 1994) s

Flgure ES-Z ¥ o
onsumed in the U.S 1990 L




EIEEIN . R T ... Flgure ES4 .
wh . -~ - Figure ES-3 . Carbon Dioxide Emissions from Fossil Fuetcmnhusuonby
) - Sector and Fuel Type: 1980

(MMT Carbon Equlva[ent) s

BR Carbon Dioxide Emissions by End Use Sector: 1990

Transportation {31%) Resicential 9%

. InduowialaR) -,

'.\‘.w,‘

. In mis graph amisslons generatad by eleetnc utlllties are allocated to each

end-use sactor aeoordlng t each sector’s shara of electriclty consumption... § * oiihe various end-use seciors, as depicted in tis greph. the reance of the
B LU S, economy on electricity to meet its needs is

¥
a¥

b ot i L F uel Productmn and Processmg CO is
L produced via flaring activities at natural gas systems liss RSN
{." - and-oil wells. Typically, the methane that is trapped i in United States are generally dechmng, duetoa cornbl-_ =
' "+ anatural gas system or oil well is flared to relieve the '_ nation of low gasoline prices and lumted ethanol - - -
_pressure building in the system or to dispose of small .- supply. In 1990, total U.S. CO, emissions from " R
' quantities of gas that are not commercnally marketable ‘ethanol were estlmated to be 1 E; MMTCE; and were S
* As a result, the carbon contamed in'the methane e emitted mostly in the South and Mldwest, where the ARG
becomes oxidized and’ forms carbon dlomde In 1990 majonty of ethanol lS produced and consumed Rt
" .the amount of CO, from the flared gas was approxi- _ ST ek
mately 1.8 MMTCE or about 0.1 percent of total us.. - Industrlal Processes
_{_CO emissions, TR

et

‘ Emlssmns are oﬁen produced

g o A e -

a by-product

; = < Biomass am ¥ Bmmd:s's-Base ” Fuel Cansuntp- _' " Various' nonenergy—related activities. : For example o
tum. Biomass fuel is used primarily by the mdustnal * the industrial sector raw materials are chemtcally e
sector in the form of fuelwood and wood waste; :.T‘ - .- transformed from one state to. another Thls transfor- R
. Biomass-based fuel use, such as éthanol froin comor mation often releases such greenhouse gases as carl on-
woody crops, occlrs mainly in the transportatlon G -._‘d10x1de“ The productaon processes that emit’ CO
sector. Ethanol and ethanol blends; “such as gasohol ' mclude cement productlon lime productlon, limestone *
are typically used to. fue! public transport vehicles, - - _"__,consumption (e.g. in iron and steel making), soda’ ash*" a
5 such as buses or centrally fueled ﬂeet vehlcles AR production and use, and carbon dtox1de manufacture Y
Dl .. = . Total carbon dioxide emissions from these sources L
St Blomass ethanol and ethanol bIend ﬁJeIs do 7 were apprommately 15 MMTCE i in 1990 accountl g

reléase carbon dioxide. However in the long run, the’ h for 1 percent of total U. S CO emissions."
carbon dioxide they emit does not increase total D DR
- . ; atmospheric carbon dioxide because the biomass - : Cement Production (8.9 MMT CE). Carbon R

.. resources are consurned on a sustainable basis. For - ... d“’x’de is produced primarily during the production of ...

L " ex ampl ¢, fuelwood burnéd oné year but regrown the chnker an intermediate product from whlch finished .

>, . nextonly recycles carbon, rather than creating a net. . = Portland and masonry cement are made. Specnﬁcally R

" . _increase in total atmospheric carbon. ‘As a result, - . carbon dioxide is created when calcium carbonate - e
- 'carbon dioxide emissions from biomass have been - (CaCO,) is heated in a cement kiln to form lime and i

;t " estimated separately from fossil fuel-based emissions ‘carbon dioxide. This lime combines with other mat

.-+ - and, as recommended in the JPCC Draﬂ Gmdelmes Calsto produce clmker whxle the carbon dloxxde ‘s

are not mcluded in nauonal totals

For 1990, CO, emnssxons ﬁ-om bnomass con- "-\ " N L:me Productwn (3 2 M CE) lee . used
3 sumptlon were approxxmately 48 MMT CE, with the " - in steel makmg, construcuon, pulp and paper manufac-
. ‘-’i." mdustnal sector accountlng for 73 percent °f the: : ‘

however whan the emissions attﬂbutable to electic utillties am pulled out Y




‘ sulfur drox1de fro ""the exhaust gases R

. emissions; of carbon dioxide, ‘because producers in

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

erestone Consux‘mptron (1 4 MM T CE) Ltme-_
b :

generatmg carbon 'dloxxde asa by-product“ It 1s also" -
+used'in flue ¢ gas desulfunzatlon systems to remove

Soa'a Ash Praductwn and Consumptwn (1 1
MM TCE). Commieréial soda ash (sodium carbonate)
is used in many consumer products, such as glass, soap

- and detergents; paper, textiles, and food. During the

manufacturing of these products, natural sources of
sodrum carbonate are heated and transformed into a
crude soda ash, in which carbon dlox1de is generated as
. a by- product In addntron carbon dioxide is released
when the soda-ash is consumed. Of the two states that
produce natural soda ash, only Wyoming has net

California recover the CO, and use it in other stages of
~ production.. U.S. CO, emissions from soda ash produc-
_tion were approxrmately 0.4 MMTCE in 1990, while
U.S. soda ash consumptmn generated about 0. 7 h
MMTCE '

Carbon Droxzde Manufacture (0.3 MMT CE ).
Carbon dioxide is used in many segments of the
economy, including food processing, beverage manu-
facturing, chemical processing; crude oil products, and

2 host of industrial and miscellaneous applications.

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

Forests and Land Use Change

When humans use and alter the blosphere
through changes in land use and. forest-management
" activities, they alfer the natural balarice of trace gas

. emissions and uptake These activities include clearing :
: an area of . forest to create cropland or, pasture, restock—
. ing a logged forest, drammg a wetland, or allowing a -
- _pasture to revert to a grassland or forest. Forests,

" whith cover about 737 million acrés of U.S. land °

(USFS, 1990), are a potentially important terrestrial -

g st b de i Tae wmaaiier s e i ek ek Tt abp el el i e ek kel T WL A ey e

“reSptratron and decay Sorls and other types of vegeta-.

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 to-the atmosphere through .

decades For exarnp-le,‘ because of unproved agrrcul

__;_nual productrvrty and the wndespread use of tractors, - SIS
" ‘the rate of clearmg forest land for crop cultnvatron and
“pastife slowed greaily in the late 19th century, and by s
~1920 this' practlce had all'but ceased.” As’ farmmg

expanded in the Midwest and West, large areas of
previously cultivated land in the East were brought out
of crop production, primarily between 1920 and 1950,
and were allowed to revert to forest land or were
actively reforested The regeneratton of forest land
greatly increases carbon storage in both standing -
biomass and soils, and the impacts of these land—use

. changes are still affecting forest carbon fluxes in the-

East. In addition to-land-use changes in the early part .

-of this century, forest carbon fluxes in the East are -
-affected by a trend toward managed growth on private

land.in recent decades, resulting in a near doubling of
the biomass density in eastern forests since the early .
1950s. More recently, the 1970s and 1980s sawa . . -
resurgence : of federally sponsored tree-plantmg pro-
grams (e.g., the Forestry Incentive Program) and soil "
conservation programs (e.g., the Conservation Reserve -
Program)}, which have focused on reforesting previ-
ously harvested lands, improving timber-management
activities, combatting soil erbsion, and convertmg
margmal cropland to forests

As aresult of these activities, the net CO, ﬂux
from standing biomass and vegetative cover in 1990
was estimated to have been an uptake (sequestratton)
of 119 MMTCE. The Northeast, North Central, and
South Central regions of the United States accounted
for 99 percent of the uptake of carbon, largely dueto
high growth rates that are the result of mtensrﬁed forest
management practices and the regeneratlon ‘of forest

. land previously cleared for cropland and pasture.*

Western states are. responsrble fora sma]l net release of
carbor, ‘eflecting mature forests with a near balance
between growth, mortality, and removals. -

I R R R L R R N LT LS AR et




“There are considerable uncertainties associated over a 100-year time horizon when both the direct and

with the estimates provided for the net carbon flux indirect effects are accounted for. Furthermore,
~ from U.S. forests, however. Four major uncertainties methane’s concentration in the atmosphere has more
are presented briefly below: than doubled over the last two centuries. Scientists

have concluded that these atmospheric increases are '
largely due to increasing emissions from anthropogemc -
. sources, ‘such as landfills, ‘agricultural activities, coal - N
: rmmng, _f'ossﬂ fuel combustlon the productxon and

. __« The impacts of forest management activities
.7 ... - onsoil carbon are quite uncertain. Since -~
) - . forest soils contain over 50 percent of the total -

.. stored forest carbon in the U, this dlffe“"“c?jg . processing of natural gas and 01I and wastewater .
“.:.canhave a large impact on flux estlmatES - treatme nt (S oe Tabl e ES-3 an d F1 gure ES 5)

3
e
f

However, because of uncertamtles assocnated
*. with s0il carbon flux, this’ component is ot -
included in the U.S. estimate at this time.

o The US. has assumed that harvested timber
effectively results in immediate carbon emis-
sions. This assumption is consistent with the
methodology recommended by the IPCC T
(IPCC/QECD, 1994), however, studies that R
model the product pools in the U.S. estimate a

_ net accumulation of carbon in ' forest product
pools in 1990. This suggests that the esti-

‘(Mllllon Metnc Tonnes_

S CCH, CH-'
(Molecular (Carbon-_‘ q

Landfills , = 10.0

mates of carbon sequestration presented here U s L
may be too low. - _ ' Agriculture .- 8.6 .o
. » The current estimate does not include forest Coal Mmmg f 44
land in Alaska and Hawaii or reserved timber ||| .7 o000 0 ©
- land. However, forests in these states are Oil-atid Natural -
Gas Systems

believed to be in equilibrium, so their inclu-
sion would not significantly affect the flux i Fossni i:"uel

estimates presented here. : ‘Combusnon

« Forest management activities may also result | Wastewater 3
in fluxes of other greenhouse and photochemi-
cally important gases. Dry soils are an
important sink for CH, and source of N0, and
both a source and a sink for CO, and vegeta-

. tion is a source of several NMHCs
' (nonmethane hydrocarbons, a subset of

-o-z_' S

Treatment e

' " Figure ES-§
NMY(_)CS)" However, the Eﬁ:eCtS of fores?y Sources of Mathane Emisslons: 1980
activities on these gases are highly uncertain, - .
and are therefore not included in the U.S. ' ‘ Ol and Gas.
. . . Procassas (1
inventory at this time. Compution (2%) o

S TR T e {16%)

Landfils (37%) §

METHANE EMISSIONS
I Atmospheric methane (CH } is second only to -

CO, as an anthropogenic source of the greenhouse

effect Methane’s overall contribution to global Landfils and agricultura are the largest sources of atmospheric et
warming is large because it is 22 times more effective Inthe United States.

at trapping heat in the atmosphere than carbon dioxide

Ao&a@m(m;‘. ]

Wastowsler (1%)
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Landfills

Landfills are the largest single anthropogenic
. Source of methane emissions in the United States.
There are an esttmated 6,000 landfills in the United.

" - States, with 1 300° of the largest landﬁlls accountmg for ;"

about half of the’ emtssmns

- waste,.'honsehold waste food waste and paper are -
- decompo ed by bactena to produce methane carbon -
~dioxide; and stabilizéd organic matenals (matertals that

. cannot be decomposed further).- Methane emtssmns

- from landfills are ‘affected by such factors as waste '

composmon, mmsture and landﬁll size.’

Methane emissions from U S landﬁlls in 1990
were 60 MMTCE, 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 ]andﬁll
emissions, while industrial landfills accounted for the .

remaining 5 to 10 percent. Currently, about 10 percent

of the methane emitted is recovered for use as an

) energy source.

Agriculture

The agricultural sector accounted for approxi- -
mately 32 percent of total U.S. methane emissions in
1990, with entefic férmentation in domestic livéstock.
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 Livéstock
_-(34.9 MMTCE). Tn 1990, enteric fermentation was the
source of about 22 percent of total U.S. methane -
emissions, and about 68 percent of methane emissions
~ from the agricultural sector.- Durmg animal dtgesnon

."-.*. methane is produced through enteric fermentation,a

process in which microbes that reside in animal

i
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- digestive systems break down the feed consumed by

the animal. Ruminants, which include cattle, buffalo,
sheep, and goats, have the highest methane emissions
among all animal types because they have a rumen, or

- large “fore-stomach,” in which a significant amount of
’methane-producmg fermentatton occurs. Nonrummant
'.Edomestlc ammals :such as plgs‘and horses

- Flgure Es-s
Methane Emlsslons from Agrleu!ture by Source 1990

'mltural ‘Waste™
A“"_awninu %

Manure Management
(26%)

Rice Cu!llvaﬂon‘ . (6%)

Enterit: Fermentatton
(68%)

Manure Management (13.7 MMTCE). .The
decomposition of organic material in animal manure in
an anaerobic environment produces methane. ‘The
most important factor affecting the amount of methane
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., lagoons, ponds, tanks, or pits) tend to producea =

significant quantity of methane. However, when _
manure is handled 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 conditions alse promote
methane production.

- Emissions from manure management were about -

8 percent of total U.S. methane émissions in 1990"and o |

about 27 percent of methane emissions from the . _
agncultural sector.” Liquid- -based manure management'

systems accounted for over 80 percent of total emis- . -

sions from animal wastes.




: .-:'ane in the Umted States. In.1990, miethane emissions -
"~ from this source were less than 2 percent “of total U S.

Rice Cultivation (2.6 MMTCE). Most of the
world’s rice, and all of the rice in the United States, is
grown on flooded fields. When fields are flooded,
anaerobic conditions in the soils develop, and methane
is produced through anaerobic decomposition of soil

< organic matter. Methane is released primarily through
.+ -thé'rice plants, which act as condurts from the s01l to) .
',the atmOSphere IR _.-;-;,- . .- w ;3‘.7- ‘

Rlce cultlvatton isa very small source of meth-

- methane emissions, and about 5 percent of Us.”
‘rnethane ermssrons from agncultural sources.

Field Burmng of Agrtcultural Wastes (0 5

- IWMT CE). Large quantities of agricultural crop wastes
are produced from farming 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 oxides 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 ¢rop 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 agncul-

- tural sector.

Coal Mining

Coal mining and post-mining activities, such as
coal processing, transportation, 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

i emrssrons

Produced millions of years ago during the
“formation of coal, methane is trapped within coal
seams and surrounding rock strata.” When coal is

;_,the coal seam are removed

V because it s explosnve at concentrations of 5 1o 15
percent ih air. ; Therefore, all underground mmes are

‘mined, methane is released to the atmosphere. The

amount of methane released from a coal mine depends
ptimarily upon the depth and type of coal, with deéper
mines generally emitting more methane (U.S. EPA,
1993a) Methane from surface mines is emitted
dlrectly to the atmosphere as the rock strata overlymg ‘

.-"“

Methane 1s hazardous in underground mmes

requrred to remove methane by crrculatmg large e
quantmes of air through the mine and venting this atrf
into the atmosphere. _ ‘At some mines, more advanced

' '_methane-recovery systems may be used to supplement e

the ventllatlon systems and ensure mine safety ‘The
practice of using the recovered methane as an energy
source has been increasing in recent years.

Oil and Natural Gas Production and Procéssing

* Methane is also a major component of natural
gas. Any leakage or emission during the production,
processing, transmission, and distribution of natural

- gas emits methane dtrectly to the atmosphere Because

natural gas is often found in conjunction with oil,
leakage during the production of commercial quanutles
of gas from oil wells is also a source of emissions,
Emissions vary greatly from facility to facility and are ~
largely a function of operation and maintenance
procedures and equipment condition. Fugitive emis-
sions can occur at all stages of extraction, processing,
and distribution. In 1990, émissions from the U.S.
natural gas system were estimated to be 17.8 MMTCE,
accounting for approximately 11 percent of total U.S.
methane emissions for 1990. ’

Methane is also released as a result of oil produc- -
tion and processing activities, such as crude oil produc-
tion,. crude oil reﬁmng, transportat;on and storage,
when commercial gas production is not warranted due
to the small quantmes present. Emissions from these
activities are generally released as a result of system

leaks, disruptions, or routine maintenance. For 1990,

methane emissions from oil production and processmg
facilities were 1.6 MMTCE, accountmg for about one -

: percent of total U. S methane ermssmns

ES-10 '




Other Sources

Methane is also produced from several other
sources in the United States, including energy-related
combustion activities, wastewater treatment, industrial
processes and changes in land use The sources

land | use changes and.ammoma, coke, 1ron and stee
productlon are not 1nc1uded because little mformatlon

NITROUS OX[DE EMISSIONS

Nitrous oxide N,O)isa chemically and
radiatively active greenhouse gas that is produced
naturally from a wide variety of biological sources in -
soil and water. Wh1]e actual emissions.of N,O are -
much smaller than CO emissions, N,O’is approm-

mately 270 times more powerful than CO, at trappmg
heat i in the atmosphere over a lOO-year tlme honzon

Over the™ past’ two centunes human actmtres
. have ralsed atInOSphenc concentratlons of nltrous N
o oxide by appro)nmately 8 percent The main anthropo—
.. - genic activities producing N O are soil management
- and fertlhzer use for agrlculture, fossil fuel combus-. |
tlon adipic acid productron nitric acrd production, and

-~ of these activities to total U S. nitrous oxide emlssrons
is shown in Figure ES-7, and U.S. nitrous oxide

Sl emissions by source category for 1990 are prov:ded in

P Table ES-4. = - .. *

Flgum ES-7
e » Sources of Nitrous Oxide Emisslons: 1990

¥

Waste .

B.umlng (‘%) - Aadwm.lral Sdils (44%)

***Fosell Fusl
conwmpﬁon {31%}.

L U R
™o 5

_on methane mtssrons from these sources is current]y -

¥ Such as irrigation, tillage practices; or the fallowmg of
- *land; can also affect N; ;0 fluxes: to and from the soil.

U G gttt e we T T D e Red

Agricultural Soil Management and Fertilizer
Use

The primary sources of anthropogenic nitrous
oxrde emissions in the United States are fertlhzer use
and 5011 management actwme" :

. Other agncultural sorl management practlces, .

However, because there is- much uncertamty about the
direction and magnitude of the effects of these other
practices, only the emissions from fertilizer use and
field burning of agricultural wastes are inchided in the
U.S. mventory at this time.




Fossil Fuel Combustion .

Nitrous oxide is a product of the reaction that
occurs between nitrogen and oxygen during fossil fuel
combustion. Both mobile and stationary sources emit
nitrous oxide. Emnssmns from mobile sources are
, ore s]gmﬁcant and are better understood than those -

~ well as maintenance and operatlon practlces

| For example catalync converters installed to.

reduce air pollution resulting from motor vehr_eies 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 MMTCE-
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 MMTCE in 1990.

Adipic Acid Production

Nitrous oxide is emittéd 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. Itis also used to produce some low-tem-
perature lubricants, and to provide foods with a
“tangy” flavor. In 1990, U.S. adipic acid productlon
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 of N,O emissions. Nitric acid is a raw material
used primarily 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 by the oxidation of ammonia. -~

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
9.7 percent of total U.S. N, 0 emrssrons

Other Sources of N,0

Other activities that emit N,O include the
burning of agricultural crop residues and changes in

 land use. Emissions from agricultural crop residue

burmng are extremely small relative to overall U.Ss.

- ‘N, 0 emlssmns Nitrous oxide emISSIOHS iR 1990 from»"" 2
- from stationary sources. The amount of nitrous oxlde
. emitted varies, dependmg upon fuel; technology type, -

- and pollution control device. Emissions also vary with™
the size and vintage of the combustion technology, as’

. thrs source were approxnmately 0.4 MMTCE or about 5
T 1 2 percent of total U S ml:rous oxrde emrssmns ‘

REEN

Forestry acuvmes may also result m ﬂuxes of
mtrous oxide, since dry soils are a source of N L0

" ‘emissions. However, the effects of forestry actw:tles

on fluxes of these gases are highly uncertain; therefore
they are not included in the inveritory at this time.

- 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 rectamation of freshwater -
wetland areas, conversion of grasslands to pasture and
cropland, and conversion of managed lands to grasslands.

EMISSIONS OF HFCS AND PFCS

Parnally halogenated compounds (HFCs) and
perfluorinated compounds (PFCs) were introduced as
alternatives to-the ozone-depleting substances (ODSs)
being phased out under the Monireal Protocol and
Clean Air Act Amendments of 1 990 (see Box ES-2).
Because HFCs and PFCs are not directly harmfu] to the
stratospheric ozone layer, they are not controlled by the
Montreal Protocol. '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 GWP of 1,200, which makes the compound

. 1,200 times more heat absorbent than an equivalent

amount by weight of CQ, in the atmosphere. There-
fore, emission estimates for these gases have been
included in the U.S. inventory and are prov:ded in’

Table ES-5.

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-

product emissions from other production processes.
For example, HFC-23 is a by-product emitted during
the production of HCFC-22, and PFCs (CF, and C,F)
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EMISSIONS OF CRITERIA POLLUTANTS
Carbon monoxxde (CO) mtrogen oxides (NO),
nonmethane volatile organic compounds (NMVOCs)
and sulfur dioxide (SOZ) are commonly referred to in
the United States as “criteria pollutants”* 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 ethane, and are emitted primarily

- from transportation and industrial processes, as well as -

* . biomass burning, and nonindustrial consumption of .
organic solvents (U.S. EPA, 1990a); sulfur dioxide can
result from the combustion. of fossil fuels, industrial
processing (particularly in the metals industry), waste
mcmerahon, and biomass burmng (US. EPA, 1993b)

: - ES-14

: radlatlve budget negatwely, therefore it is discussed” -

Because of their contribution to the formation of
-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

impact is limited because their radiative effects are -
mdtrect (e they do not dlrectly act as greenhouse
gases but react thh other chemlcal compounds in’ the e
atmosphere) It should be noted; however, that sulfur
d:ox:de emltted info the atmosphere affects the: Earth’s

separately from the other criteria pollutants in Box ES—3 S

- The most 1mportant of the mdn‘eet eﬁ'ects of the
. criteria pollutants — CO, NO_, and NMVOCs — is <+
their role as precursors of troposphenc ozone. In thxs .

- Tole, they contribute to ozone formation and alter the
atmosphenc lifetimés of other greenhouse gases For
example, carbon mono}ude interacts with the hydroxy!
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 atmosphenc lifetime’ of methane

B T S
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These criteria pollutants are generated through a
variety of anthropogenic activities, including fossil fue!
combustion, solid waste incineration, oil and gas
production and processing, industrial processes and

= - solvent use, and agricultural crop waste burning, Tab]e_

.~ ES8-6 summarizes U.S. emissions from these sources
“¢ ~for 1990. The United States has annually published

vehicles that bum fossil fuels comprise the single
largest source of CO emissions in the United States,
contributing about two-thirds of all UJ.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 chem:cal and -

© - allied products ‘metals processing; and industrial uses " -
;s _:~estimates of criteria pollutants since 1970. Table ES-6 =
;=" clearly shows that fuel consumption accounted for the -

' majonty of emlssmns of these gases. In fact, ‘motor, .-

_of solvents’ are also major sources of CO NO and
NMVOCs - : -

. - .
e s e e

1. A “ink” is a process that destroys or absorbs
greenhouse gases. The carbon 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 U.S. has estimated
the enhancement of forests as a carbon sink. -

2. . 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-

tion and subsequent harmful health éffects 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, ie., the transition zone separating the

stratosphere and the troposphere) (IPCC, 1992).

The term “criteria pollutani” refers to those
compounds for which attainment criteria have

been established under the Clean Air Act Amend-

ments of 1970. CO, NO_, NMVOCs, and SO, all
have air quality standards for which air quahty
criteria have been issued. -

' ES-16
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INTRODUCTION

Overvrew

, .‘L_.atmosphere creatlng what is knovm as, the “greenhouse

“effect.”. Withoit the natural heat-trappmg propertles of .
" these atmosphenc gases, the Earth’s temperature would ‘

. ‘r:i:*“average about 55° F lower than today

Naturally:occurrmg greenhouse gases mclude

water vapor, carbon dioxide (CO,), methane (CHq)

- nitrous oxide (N, 0), and ozone (0 ).! Chloroﬂuoro-
carbons (CFCs) and partially halogenated fluorocar-
bons (HCFCs), a family of human-made compounds,
their substitutes hydrofluorocarbons (HFCs), and other
compounds such as perfluorinated carbons (PFCs), are

" also greenhouse gases. In addrtlon there are photo-
chemrcally rmportant gases such as carbon monoxide *
(CO), oxides of nitrogen ('NOX), and nonmethane

volatile organic: compounds (NMVOCs) that, although _'
. not greenhouse gases, contribute-indirectly to the -,

greenhouse effect.. These are commonly referred to as

. troposphéric ozone precursors because they mﬂuence ‘
the rate at which ozone and other gases are created and
destroyed in the atmosphere Box.1 contains a brief -

" description of these gases, their sources,’ and their roles
in the atmosphere 2 In addition, emissions of sulfur
dioxide (S0,) are provided in' Annex E of this report.”
Sulfur gases, primarily sulfur dioxide, are believed to
contribute negatively to the greenhouse effect. There-

fore, the U.S. has discussed these emissions separately. -

> ;-' appears, to be largely the result of. anthropogen

= percent methane eoncentratlons have more ‘th :
‘doubled, and nitrous oxrde concentratlons have risen .
- approxrmately 8 percent (IPCC 1992).-. And, from the
' ,.";19505 ‘until the mid- 19805 when mtemattonal concern
" over CFCs grew, the use of these gases mcreased .
* ‘nedrly 10 percent per.year. The consumptlon of CFCs .

Although CO,, CH,, and N,O occur naturally in

- the atmosphere, their. recent atmosphenc bmldup N

trons of carbon droxrde have mcreased-more than 25

is declining quickly, however, as these gases are
phased out under the Montreal Protocol. Use of CEC

-substitutes, in conitrast, is expected to grow significantly.

The Inventory Process

Central to any study of climate change is the
development of an emissions inventory that identifies
and quantifies a country’s primary sources anid sinks of

greenhouse gases.. Developing and participating in the -

inventory process-is important for two reasons: (1) it-

~ provides a basis for the ongoing developmerit of a

comprehensive and detailed methodology for estimat-
ing Sources and sinks of greenhouse gases, and (2) it
provrdes a common and consistent meéchanism through
which all srgnatory countries to-the United Nations’
Framework Convention on Chmate Change (FCCC)

- ¢an’éstimate emissions and compare the relative

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 ..

r Ozone e)usts in the stratosphere and troposphere In the stratosphere (about 20 - 50 km above the Earth’s surface)
ozone, prowdes a protective layer shielding the Earth from ultraviolet radiation and subsequent harmful health effects on -
humans and the environment. In the troposphere (from the Earth’s surface to about 10 km above), ozone isa chemrcal N
oxidant and major component of photochemical smog. Most ozone is found in the stratosphere with some transport
occurring to the troposphere (through the tropopause ie, the transmon zone separatmg the stratosphere and the troposphere)

(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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_and gaseous fossil fuels is the major anthropogenic source of

" carbon ledee emigsions. Sore other non-energy productlon
pmcesses (eg. cement pmduchon) also emit fotable quantmes
of carbon dioxide. CO, emissions are also a product of forest

. ‘carbon dioxide have been ificréasing at a rate of approximiately
0.5 percent per year (IPCC, 1992}, although recent measure-
ments. suggest that thls rate of growth may be moderatmg (Kerr,
]994) ‘ . o s

In nature carbon dlox1de is Cycled between vanous
atmosphenc, oceanic, land bioti¢, and marine biotic reservoirs.
~ The Lirgest fluxes occur between the atmosphere and temrestrial
blota, and between the atmosphere and surface water of the
oceans: While there is a siall net addition.of CQ, to the-
atmosphere {(i.&;, a net source of CO,) from equatonal regmns,

. CO (¢.e remove more CO, from the atmosphere than they
release) (IPCC 1992). :

"% Methane (CH,). Methane is produced through anaerobic
. .decomposition of organic matter in blologxcal systems. .
Agricultiral processes such as wetland rice cultivation, enteric

, fermentatlon in animals, and the. decomposmon of animal

" wastes emit methane, as does the decomposition.of mumclpal

distribution of natural gas and oil, and is released as a by-
S - product of coal production and incomplete fuel combustion. -
- - The atmosphenc conceritration of methane, which has been -

K * shown to be increasing at a rate of about 0.6 pement per year,
may be stablllz;lng (Steele etal, 1992) .
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The ‘major sink for methane is its mteractlon wnh the
hydroxyl radical (OH) in the iroposphere. This interaction
% fesults in the chemlcal destruction of the methane compound, as.

OH to form water vapor ('HZO) and CH._, After a number of

_ whick itself reacts with OH to produce carbon d:oxnde (CO,)
' a.nd hydrogen (H) . g

Halogenared F Iuomcarbons HFCs, and PFCs
Halogenated fluorocarbons are human-made compounds that
include: chlorofluorocatbons (CFCs), halons, methy? chloro-
form, carbon tetrachioride, methy! bromide, and = .- -
hydroch]oroﬂuorocarbons {HCFCs). All of these compounds

_ not only enhance the greenhouse effect, but also contribute to

" stratospheric ozone dépletion. Under the Montreal Protocel and
the Copenhiagen Amendments, which control the production and
consumption of these chemicals, the U.S. phased out the
production and use of all halons by January 1, 1994 and will

by January 1,'1996, Perfluorinated carbons (PFCs Jand.
" hydrofluorocarbons (HFCs), a family of CFC and HCF&

powerful greenhouse gases

*- Carbon Dioxide (CO) 'l"he combustion of liqui'd,'solid, C _
. ox:de enusswns mclude sonl cultwanon practnces, especlally the - -

., percent resides in the stratosphere  where it controls the
. absolpuon ‘of solar: ultmvnolet radiation;: the’ remmmng 107
.. percent is found in the troposphere and could play a mgrufican' 4

“ human activity, anthropogenic emissions of several gakes

: deplete slmtosphenc ozone,; However, as previously stated,
. under the Montreal Pmtocol and Copenhagen Amendmenw the
*U.S. phased out the productlon and use of all halons by January
1 1994 a.nd will phase out CF Cs and other ozone—dep]enng

) substances by January 1, l996 T

. ocgani¢ and terrestrial biota in the: ‘Northern Hemlsphere, and to )
b lesser extent in thé Southern Hemlsphere, act as'a net Sink of -

.. known as criteria pollutants, aré regulated under th‘ CI

_-j T . solid wastes.: Methane is.also emitted-during the productlon and— S ‘“-‘q-"'-‘ e e

“the hydrogen molecules in methane combine with the oxygen in ' -

- other chen:ucal interactions, the T remauung CH, furns into CO -~

phase out CFCs, HCFCs, and other ozone-depleting substances

replacements not cavered under the Monireal Protocol are a]sp o -

- Nitrous Oxide moj""Aﬁﬁ&Biﬁbééﬁic’soms of itrous

clearing and biomass bummg Annosphenc concentrations of .~

the atmosphere through natmal processes Appro:omately 90

gn:enhouse tole. Though' 9zone is not emltted d:rectly by =

influenée its concentration in the stratosphere and tmposphere 3
-Chlonne and bromine-containing chemicals, such as CFCs, - ‘

. Increased emissions of carbon monoxlde nonmethane
volatile organic compounds, and oxides of mtrogen have -
contributed to the increased production of tmposphme ozone s
{otherwise known as urban smog) Em:ssmns of these gases,- s
' Alr LR
. Act of. ]970 and subsequent amendments '

Carbon Monoxlde (CO) Carbon monoxtde ig'éreated

o ,when carbon~contammg flels ‘are burned tncompletely .

; Carbon monoxide elevatés concentrations’ of methane and s

‘-troposphenc ozone through: chenucal macnons wnh S
-~ atmospheric constituents (e.g, the hydroxyl md.:ee.l) tha.t e
would otherwise assist ir destroying methane” and oz.one .

.lteventually OXIdlZBStOCO T b ',-’

< Ox:des of Nm-ogen (NO,) Oxndes of rutrogen, NO and SR
" NO,; dre created from lightning, biomass burning (both kS
+ " natural ‘and anthropogemc fires),. fossd foel combustion,
and in the stratosphere from mtrous oxide. They playan -
important role in climate change processes dueto thelr
eontnbutxon to the formanon of ozone. _ IR

. Nonmethane Volatile Orgamc Compounds (NMVOCS)

Nonmethane VOCs include compounds such as propane. -
; butane and ethane. Volaule organic compounds S

’ partlclpate along with nitrogen oxides i the fonnauon of ‘

~ ground-level ozone and other photochenucal oxldanls. T
VOCs are emitted primarily from transportation and -, " .~
iidustrial processes, as well as biomass burning and oon- - '

" industrial consurnpt:on of orgame soivents (U S EPA.
l990a) .




evaluating the cost-effectiveness and feasibility of -

pursuing possible mitigation strategies and implement-

ing emission reduction technologies.

This report presents estimates by the United States
‘_‘Govemment of U.S. greenhouse gas emnssmns and

S .

~fo T The U S v1ews tlns submlssmn as an T e

of the FCCC, which came into force on March 21,

Session of the International Negotiating Committee
-, (INC), emission estimates are to be estimated and _
- presented in accordance with the JPCC Draft

.. . information provided in this mventoxy is presented in

e onisistent with Volumes 123 of IPCC Draft Guidelines -~ “ :
' for Natzonal Greenh nise Gas Inventories (IPCC/ v

) opportumty to fulfill its commitment under Article 4-f

1994, following ratification. As decided at the Ninth

Guidelines for National Greenhouse Gas Inventories
(IPCC/OECD, 1994) to ensure that the emission '
inventories submitted to the FCCC are consistent and
comparable across sectors and among nations. The ~

sourcés are estunated usmg methodologles ‘that are-

wr Mk

'OECD, 1994). 'To the” exté_“t possiblé, me‘p"fesent u. s

' mventory ‘relies directly on published actmty and’

" ‘emission factor data * Inventory emission estlmates B
from energy consumption and productlon activitiés are

- based primarily on the latest official information from
' the Energy Information Admxmstranon of the Depart-
'ment of Energy (DOE/EIA). Emission estimates for
oxides of nitrogen,-carbon monoxide, and nonmethane
volatlle orgamc compounds are based dlrectly on

PR

. housé éﬂ‘é;:t botli*dn‘ectly a.nd mdu'ect]y Dxrect eﬁ"ects

(GWP) hés been deveIOped

A A M Y iy, 2 4 g e

:‘f.each',sie:enbici’usb-gtas_m

G e R e Mg e oy ey b e




i I .,1992;.'-;_,1993 -. 1990 ©-1991 =7 1992 -,‘1_993;_.-—
i %: 1. Carbon Dioxide (COy)--#7  w R g
-'FossileeICogﬁzusﬁoni'.l. 895 . 4835 S 4508 -+ 013" R 335‘ 339 -;1,367
> Other.: = N BT TR T 7 Rttt st a7
o Total Lol ) oa9se 4896 44970 - ",--_,_1,3_5";1{ 1336L:13S6
Forests (smk) - C@36) @33 @) o a1y sy A’
NetTotal 4520 446% 4541 - s | 1233 1218 1,239 . e
Methane (CH) \ BT o SRR
S0 Landfiils. 11007 101- 102
" Agriculture 86 .85 . 86 .
¢ *. Coal Mining-’ _ "4'4 © g2 40

g

»\\

el R

(Mllhon Metnc Tonnes)

S e

Table 1 Summary of U. S Greenhouse Gas.Emlssmns'

- P

~».q

GaslSource ’

- .Emissions " 57
(Full Molecular Welght)

Emlssmns s ’
' l:-(Direct and Indlrect Effects '
Carbou-Equxvalent)

= sTatal"';w'

" wFCs and PFCs o

Total T

Fossxl Fuel Consumpnon
Industnal Processes T

‘e

.

Carbon Monoxlde (CO)
Nltmgen Oxl:!es {NO )
NMVOCS '

5 OllandGasSystems ':._4-:.:;;- ;
Other SU

270 269 ".;'-2'7.0 "

5047 T 04
+ s

.32 7 o8 43 5
) 214 212, "
~19.1 LoIs7

32 3'3
08

.". 33

‘INETUS. EMISSIONS" M

] 1Akt ey

5';1;45g‘ TET

-.--:,}I' ChangesmC
" emissions of €O, in 1

F Total of Lhese gases does not exceed 0.01 million metnc tonnes. " . - - : ;o= .
Note The "Totals" presented in the summary tables in this chapter may not equal the sum of the mdmdual source categones due to

rounding.

ermssmns from fossnl fuel consumpnon had the greatest 1mpact of U S emissions. from 1990 to 1993 ‘US.
9?91 were 1,319 MMTCE, about 1.2 percent iower than 1990 emission levels. Emissions for 1992 were 1,339

I

-

MMTCE, an mcrease of about 1.5 percent over 1991 levels, offsetting the, decrease in 1991 and returning emissions to about 1990
levels. Based on preliminary data for 1993, the upward trend since 1991 has conhnued, with 1993 CO, emission$ from fossil fuel about

2.4 percent greater than 1990. This trend is largely attnbutable to changes in total energy consumpuon resultmg from lhe ec0nonuc

SlOWdOWn in the U.S. economy and the subsequem rccovcry

h*z«’y

;.+

"CH; " N 0 and HFCs and PFCs represent a much smaller pomon of tetal émissions than CO Overall, em:sswns of these gases

remained relatwely constant over the period from 1990 t0.1992. Methane emissions from ‘coal rnizmng declined slightly due to small, -
“decreases in coal production and increases in coalbed methane’ ‘recovery. N;O emissions remained relatively constent, while HFC

emissions increased slightly, due.to increased pmducuon of HCFC-Z?. wluch mcmased by- product ermsswns of HFC—23 PFC emis-
. “sions remamed constant over the. penod . - L LR ; s PAIN




ot emrssmn sources cons:dered to be major sources in
“.the U S.; the IPCC default methodologres Were ex
) panded ‘and’ more comprehens1ve methods used Thesm
* instances; mcludmg energy consumpnon, forest sinks;
_* and somé methane soufces are documented in the text.,j
. ralong w1th the reasoris for dlvergmg from the IPCC

default methodologles 3 :

available U.S. Environmental Protection Agency (U.S.
EPA) emissions data. These estimates are supple-

mented by calculations using the best available activity
data from other agencies. Complete documentation of

. emission estimations can be found in the sources
B referenced throughout the text ‘In these supplernentary

. The ma_]onty of 1990 U.S. methane emission -
estimates presented in this inventory were taken -
directly from the U.S. EPA report, Anthropogenic
Methane Emissions in the United States, Estimates for

- 1990: Report to Congress (U.S. EPA, 1993a). That

U.S. EPA report provided 1990 U.S. methane emis-
sions for a variety of domestic sources, including
natural gas systems, coal mining, landfills, domesti-
cated livestock, manure management, rice cultivation,
fuel combustion, and production and refining of

: petroleum llqtuds 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 and/or annexes to ensure that the estimates pre-

sented are reproducnble Estimates for 1991,:1992, and
1993 have been developed using these same method-
ologies unless otherwise noted.

”"mended methodolr}gres and-are. d:scussed in detall
- below; the large number of sources EPA used'in .. 7Y

‘developing the estimates makes it difficult to. repreduce-_. .
.- the mformatlon from EPA (1993b) i in this mventory ;
- .- document.. In these mstances, the sources contammg

Emission estimates for NO_, CO, and NMVOCs
were taken directly, except where noted, from the U.S.
EPA report, National Air Pollutant Emission Trends
1900 - 1992 (U.S. EPA, 1993b), which is an annual

. U.S. EPA publication that prov1des the latest estimates
;of regtonal and national- emns.srons for. criteria pollut-., "

ts.5: Emlssrons of these pollutants are esttmated by '

- eﬁicrency W}nle the-'U S: EPA’s esurnatron inethod-

logies are conce

the detailed documentanon of the methods used are
referenced for the mterested reader.

‘Organiza_tion of the Inventory

In accordance with the IPCC guidelines for
reporting contained in the JPCC, Draft Guidelines for
National Greenhouse Gas Inventories (IPCC/OECD
1994), this inventory is orgamzed into six parts. These
six parts correspond to the six major source categories
below. In addition, annexes provnde additional data on

calculations which are not included in'the matn text.

- (Note: while the list below follows the IPCC’s hst of
- recommended source categories, emission sources that
- are not appllcable to the U.S. are not mcluded)

" I.. Part1 covers emissions from all energy actwmes,

including:
A. Fuel Combustion Activities:

1. Industry

3 Discussions of inventory methods can also be found in Estimation of Greenhouse Gas Emissions and Sinks: Final

" Report from the OECD Experts Meeting,. 18-21 February 1991 (August 1991). That report documents baseline inventory

methodologies for a variety of source categories, which have subsequently been further refined based on recommendations
provided at an IPCC-sponsored experts workshop held in Geneva, Switzerland in December 1991 and at an OECD/
Netherlands-sponsored workshop in Amersfoort, Netherlands in February 1993. The proceedings from these meetings, the
Final Report (OECD, 1991), as well as several other intemnational meetings, form the basis for the current IPCC Draﬁ

Guidelines.

o Dependmg on the emission source category, acnvn‘y data can include fuel consumptlon or dehvenes, vehlcle-rmles -
travelled, raw matenal processed, etc.; emission factors are factors that relate the quantlty of emissions to the actwrty

‘% In order to fully comply with the IPCC Draft Gmdelmes the Umted States has provrded a copy of the IPCC reportmg .

tables in Annex D.

¢ Cntena poIIutants include: carbon monoxide (CO), lead (Pb), nitrogen oxides (NO » pameu]ate matter less than ten
microns (PM-10), sulfur gases (especially SO ) total particulate matter (TP), and nonmethane volatlle organic compounds

| (NMVOCS)




e

Transportation
Residential
Commercial/Institutional
Electric Utilities

. Blomass for energy

A wN

B.- ,:-Fuel Producnon Transm1551on Storage and
‘Dlstnbutmn RS it .

.- Part II covers em:sswns from other 1ndustr1al
~ production processes (nonenergy ISIC), mcludmg
A. Chemicals -

B. .Non-Metallic Mmeral Products -

C.. Other, including chloroﬂuorocarbons and
other substances S

I11. Part III covers eml_ssmns' from solvent tlse

IV. Part IV covers emissions from agriculture,
including:’ . : ,
- Enteric Fermentation (in domestic animals)
Manure Management (for domesttc animals)
) Rice Cultivation.
Agricuitural Soils
Agricultural Crop Waste Burning

mo oW

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

VL. Part VI covers emissions from wastes and waste-
treatment processes, including: -

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

' Uncertainty and leltatlons of Emlsswns
~ Estimates

While the current U.S. emissions inventory
provides a solid foundation for the development of a

- more detailed and comprehensive national inventory, it

has several strengths and weaknesses. First of all, this
report by itself does not prov:de a complete-picture of
past or future emissions in the U.S.; it only provides an

-inventory of U.S. emissions for the years 1990 - 1993.
-However, the U.S. believes that common and consis- . .

tent inventories taken over a period of time can and
will contribute to understanding future emission trends.

- The U.S. plans to update this comprehensive inventory -

of greenhouse gas emissions and sinks on an annual

basis and to use the information gained to track -

- progress'of commitments made under the U.S. Climate

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

‘ gmdance is receivéd from the IPCC and the INC. In.
order to maintain consistency as methodologles change-
" over time, the U S. will also 1nciude as appendlces to.

ture updates estlmates of emissions usmg the
methods descnbed in tl'us document :

Secondly, there are uncertamtles assoc:ated W1th

-_the emissions estimates.. Some of the current estimates, *..

such as those for CO, emissions from energy-related

', activities and cement processing, are considered - _
- accurate. For other categories of emissions, hoiwevet; a o
4 lack of data or an incomplete understanding of how .

emissions 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 estlmates are also
discussed in deta11

Fmally, whlle the IPCC methodologles provxded

" in the three volume IPCC/ OECD report, IPCC Draft

Guidelines for National Greenhouse Gas Inventories,
represent baseline methodologies for a variety of

‘source categories, many of these methodologies are
still being refined. “The current U.S. inventory uses the
IPCC methodologies where possible, and supplements

with other available methodologies and data where

needed. The U.S. 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

research include; .

* l i g 1 ] . .
categories. Quantitative estimates of some of
the sources and sinks of greenhouse gas

" 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 categorles

Understanding the relationship between
emissions and sources, This is a crucial step
in completing and refining existing method-
ologies and in developing methodologies for
emission source categories where none

-~ — e . =
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= consumptmn resuitmg ﬁ'om the economlc slowdown in:
ants are emttted ﬁ~om energy act1V1t1es wh1ch account

e LN E_gnssnons of‘the cntena pollutants CO" NOX, and
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b The combust:on of blomass and blomas 1NMVOCs declined contmumg a downWard tren m~~
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Any emlssmns related to land tise 'changes are discussed: :




" A. - EMISSIONS FROM FOSSIL FUEL

l
I
1
!

o ,;"MMTCE as CO, from fossrl fueI combustzon, or

it mn b me e e b g T

CONSUMPTION ’ N

1. Carbon Dmx:de Emrssnons from Foss:l Fuel
; Consumptmn . S

3 e

*'The majority of energy in the Umted States,
approxtmately 88 percent, is produced through the

‘combustion of fossil fuels such as coal, natural gas,

and petroleum. The remaining 12 percent consists of
renewable or other energy sources such as

. hydropower_. bromass, and nuclear en_ergy .

M N . \l

;r.m. 1 .',-,

Carborl Dloxlde Ernlsslons by End Use Sector 1990

v . .
~ ’ Ty

- meum (31%)

. inclustrial (34%) .

“In thls graph emlsslone generahed by electric uhlltiee dre alioceted to each
end-use sector according to each sector's share of elecm::lty consumption.

(oo et e e R -.\‘_.” -

~ gas, accounted for 36 and 21 percent, reSpecuvely .

" miated to be 1,335 MMTCE in' 1990, declining to 1,319

In 1990 the Us' emitted o tolal of 335

about 99 percent of total U.S. emzss:ons of o, and

85 percent of all greenhouse gas emissions (fuels Jor L
v, international transport accounted for an addmoual
" 22,6 MMTCE, which is not included in the U. S
R estmrmtes)2 These em;ssrons were produced from a”
.- .. variety of fossd Juel combustron activities, mcludmg“ _QU' S
" heating in residential and commercial buildings,
.  energy combustion to generate electrtctw, steam
. productron for industrial processes, and gasolme B )
Co consumpnon in automobtles and other vehtcles. :

o

As fossﬂ ﬁJels are combusted the carbon stored
m the fuels is emitted as carbon dioxide and smaller

"+ . amounts of other gases, including CO, CH,,'and

NMVOCs These other gasés are emitted as a by-

- product of mcomplete fuel combustion. The amount of =
' carbon in the ﬁael varies srgmﬁcantly by fuel type. . For

example, coal contams the highest amount of carbon

- per unit of useful energy.- Petroleum has about 80 -
percent of the carbon per umt of energy as compared o "

N ? There is international dlsagreement as to which countnes are respons:ble for emlsswns produced from mtemanonal .

transport activities (fuels used in international transport are typically referred to as bunker fuels). The IPCC recommends.:-
* that countries account separately for bunker fuel ‘emissions and exclude‘them from national totals tintil an internationally .
-recognized method is developed to allocate these emissions to. specrﬁc countnes These emissions are therefore reported
separately in the U. S tnventory and not mcluded in the natronal total 8

MMTCE in 1991 1992 | emissions increased to 1, 339-"
"..MMTCE Based on prelunmary data for- 1993 CO

o reccss:on and subsequent recovery. -
Industrml Sector:

- the direct consumption of fossil fuels in order to meet
* industrial demand for steam and process heat. The

"\ ers, plastics, asphalt, or lubricants can store carbon i m

, construcnon for example stores carbon mdeﬁmtely

o coal and natma] ‘gas hias only about 55 percent. Petro—

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

" accounting for over 40 percent of total energy consump-
tion (see Figure I-1)." As a result, uses of petroleum
reIeased approximately 581 MMTCE in 1990, or 43

* percent of all CO; emissions from energy consumptlon' ‘
. (see Table I-1): 'I‘he other fossil fuels, coal and natural : -

[

e Flgum l-1 o
. Types ol EnemyConsumed In the U.S.: 1990 .

Nmmm LD D e Ll
(12%“93103“) - b .

A
aly,

<7 (1% or 33,65 B Netisi Gon .
B (4% or ﬂm Btul .
\

. e -
1 QBlu = 1 quadrllllon Btum 1X10E15 Btu

.-\."

Approximalely 88 peroent of U, S energy is pmdueed through the
.-oombuslion of fossil fuels . ) VoL,

U. S emlssmns of CO ﬁ'om energy were esti-

| emissions from fossil fuel combustion were 1,367 ..
~MMTCE, or about 2.4 percent greater than 1990 (see :
Table I-1). This trend is largely due to, the economlc .

“"';The industrial sector accounts for 34 percent of .
.S” emissions from- fossﬂ fuel consumptlon, making it™"
. the largest end-use source of CO, ermssrons (see Flgure
. 1-2)" About two-thirds of these emissions result from =

remaining one-tlnrd of industrial energy. needs ismet <~ *
by electricity for such uses as motors, electnc furnaces -
and- ovens, and lighting. - e ' :

L _The industrial sector is also the, largest user of _.
non-energy applications of fossil fuels, which often -
- store carbon. " Fossil fuels used for producmg fernllz- -

~ products for very long periods. Asphalt used in road




,_Table lI—l U. S CO Ennssmné from Energy Consulhpnon by Sectbr_and' Fuel Typ
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Stmrlarly, the fossil fuels used in the manufacture of
‘materials like plastics also store carbon, releasing this

carbon only 1f the product is mcmerated

: Flgure 2 -
Carbon Dloxlda Emlsslons from Fossil Fuel Combustlon by
End-Use Sector: 1990 - A S
{MMT Carbon Equivalent) - R

e i . L R

Sectors -

: requn‘ements and account for about 85 percent of all

" Figure I-3). This sector generates electricity for such

_uses as lighting, heating, electric motors, and air . .-~ .
condmomng Some of this electricity is generated 3 wnh '
- the lowest CO. -emtttmg energy techno]ogtes partlcu- S
- larly nonfossil options, such as nuclear energy, hydro-
‘power, or geothermal ehergy.” However, electric' - *- -
utilities rely on coal for 55 percent of their total energy

coal consumed in the Umted States

" Note: U.S. territori'es comprise less than 1% of emissions.

Transportatzon Sector ’ i

‘ The transportatlon sector is also a major source K
of CO “accounting for about 31- percent of US."

L enussxons Virtually all of the energy consumed in this § Note: U, Toriosies comprise Jess Fian 1% of emissions. "

sector comes from petroleum-based products:’ Nearly

o-thuds of the emissions are the result of gasolme

. . other uses, including ¢ diesel fuel for the trucking
vz =~ industry and jet fuel for aircraft, accountmg for the
remamder L R S

-‘ P
N

Res;denttal and Commerczal Sectors

for about 19 and 16 percent respecttvely, of CO, .
"'__._emlssmns from fuel consumptton Both sectors are
" heavily reltant on electnctty for meetmg energy needs,

.
3

L - hghtmg, heating, cooling, and operating apphances

- ‘The remaining emissions are largely due to the con- '
L . sumption of natural gas and oil, pnmanly for meetmg .

heatmg and cookmg needs

Electnc Uttlu‘tes o 'l -

‘ meet a 51gn1ﬁcant pOI‘thIl of its energy requirements.-;
S In fact, as the largest consumers of U.S. energy (about

3._‘-“_ . tlvely the largest produce_rs of U.S. CO, emlssmns (see

W

consumptlon in automobtles and other vehicles; wrth T

L tually srm;lar to the approach recommended by the ~-'?-1
IPCC for countnes that mtend to develop detalled,

. _Invenrory Reference Manual IPCC 1994 VoI 3) A
.~ detailed descnptlon of the Us. methodology is pre- .=
7 sented in Annex A and is charactenzed by the follow—

. with about two-thtrds of thetr emissions attnbutable to"if". )
electricity consumptton End-use applications include e

As noted above the U S rehes on electncrty to ‘

*'36 percent of total energy) electric utilities are collec™ .~

- Flguret-a T T LA
Carbon Dloxide Emisslcns from Fossll Fuel Combusﬂon by oo '
: i f Sector and Fuel Type:- 1980 : - _ N [ )

{MMT Carbon Equlvalent}

R

© o [(m.Coal W Natural Gas anmlu.nn]“:',

~ sector. Fuel consumption data were obtamed .
) ‘~--‘]d1rect[y from the Energy Information Admin-: -+
- istration (EIA) of the U.S. Department of - .~
. Energy (DOE), which is responsible for the
- collecnon of all U.S. energy data. By aggre-
* gating consumption: data by sector {e.g., -
~ "commercial, industrial, etc.), primary fuel A
.. types(e.g) coal oil, gas), and secondary fuel &
~ categories (e.g., gasoline, distillate fuel, etc)
EIA éstimates total U.S. energy consumption . -
v'for'a particular year3 A discussion of the data -
._sources and’ companson ‘of different method-
‘ otogrcal approaches can be‘found in Box ) T




| "«“ ari agency af the U S, Department of Energy (U S
DOE) _EIA reports consumpnon stat:strcs for the

T mn\. _v@.,.y..l“t»«

7
3. Esnmatmg Carbon Em:sswns

\used and the assz}mpnoes regardmg both the
quantny of carbon stored in products andy.

2 R L b

Borh appmachés are

andkcateganes are. est::?iared from _energy
_ _data acboab'tiﬁg-?'qx 'im]vfé'}jt:‘" expprts,




. Determme the total carbon contem‘ of all ﬁlels
" Total carbon is estimated by multiplying the .

“ amount of fuel consumed by the amountof - - .«
carbon in each fuel. This total carbon estlmate "_ .

--. defines the maximum amount of carbon that AR

- could potentially be released to the atmd= -
sphere if all of the' carbon were eonverted to‘ Ea

CO,. For 1990 the potential emissions were

estimated to be 1,427 MMTCE. The carbon

.~ emission coefficients used by the U. S are-,

N presented in Table I- 2 DA

[P [

3 Esz‘zmate the amount of carbon stored in”
. products Non-fuel uses of fossil fuels can

R contamed in the energy for some penod of

. to 100 percent of the carbon. for extended

* lubricants or plastics, lose or emit some o
" carbon ‘when thiey aré used arid/or are biirmed
_ as waste after utilization.. The amount of )
* carbon sequestered or stored in non-energy -

R fuses of fossil fuels was based on the’ best 4

3

& result in storage of some or all of the carbon

Table I-2 Key Assumptlons for Estlmatmg Carbon Dloxnle Emlsswns

time, dependmg on the end-use. For example .
asphalt made from petroleumcan sequester up.

periods of tlme, while other products, such as

avaliable data on the end uses and ultlmate
fate of the various energy products: These
non-energy uses occur in the mdustnal and -
transportatlon sectors, and for 199 f were
estlmated to be about 66 MMTCE o

[ T . ~.'"'

. .Coefficieuts‘
(kg C/10¢ Btu)

Carbon

: ‘Stoi-'ed_(-l‘ S
(%),

L.  Gasoline - - -.
L LPG:
~ Jet Fuel‘
Dlsullate Fuel™
" Restdual Fuel

Kerosene g
Peh'oleum.sCoke.
.. " Special Naphth:i N

. Waxes and Misc. _

2149
Asphalt and Road Ol - i

e ""‘-‘, 3 -

©loar”
1716
~19:74+

SRR

1995

- 20.62.
2024

i 2% 7 Lubricants. _
' Petrochemlcal Feed - 1937 -
: Av;atlon Gas ;. "1887 .-

'19.72,
27.85:
-,;"‘1936
L 1981

g Petroleum Other : .. a
< Coai ot -_.._ AR .‘-‘ Y _5_7:.\‘ lk\»\ \*. “
= ResndennaifCommercxal 26.05- -
lndusmal S : Ca
o o Cokmg' .. 2548
e T Othert T 0547 et
 Uility T T S 2557
Natural Gas_ ~ N . ' : ‘-
Sl Flare oS T892 oo AL 8
. " Natural Gas ¢ V0L 1447 - 100 995

P )

Lo See Table A-lA in Annex A

Soureu Carbon coefficients from EIA (1994g) Stored carbon from Marland & Pippen (1990) and Rypinski ( 1994)
Combustion efficiency for coal from Bechtel (1993) and for oil and gas from IPCC ('lPCCa’OECD 1994

" Only the portion used asa feedstock is mcluded in the carbo tored calculation.
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-combusnon Because combusnon processes
- are not. 100 percent efﬁment some of the
carbon contamed m fuels mll not be emltted

oo

carbon not OX.ldlZCd due to mefﬁmencies

auonal totals Tlus recommendatlon is due to,

Ry

o tiof of products w1th long-term carbon storage would -

,.-'. R,

_produets and combustlon efﬁc;ency For. example, :
gi"\'ren';tl'le sg;ﬁe ene'r‘gy_'_type (elg., eoal),:the amount of :

-—s\,-ﬂ. h

can vary Non-e" ergy uses of_ r.he ﬁxel (sgfelj as m the
i \ accounted for ilboug 1.
ety ey

of rotal US met{gty__t"e *eriu}'.?'s,tg‘ns,_‘whde nitrous oxide

(R




-

N

1

i sources are hlghly uncertam pnmanly due to ma_]or“ '

gy

uncertamtles in emrssrons from wood combustion (ie,

v

Table I-3 U S Greenhouse Gas Emrssrons from Statlonary Combustlon. 1990-1992

(Thousand Metnc Tonnes)

- Year. .,‘,No_;‘ NMVOCs- - €O '..CH, NO :

e “Tl990 10695 ¢ o685 a8 4z st
o | et 10730 678 6004 414 35 ]
S 11992 '10“t535fh'i 63945603 386 sl

i N 0 and NO EIIllSSlOI'lS from stanonary source
combusuon are closely related to air-fuel mixes and
combustion temperatures as well as pollution control .
equipment. CO emissions from stationary cornbustlon

. are generally a function of the efficiency. of combus- .} "

-tion and emission controls. CO emissions are hlghest
‘when there is less oxygen in the air-fuel mixtures than

~ necessary for complete combustion, This is likely to
. occur during combustion stopping and startmg, or .
e swrtchmg of fuels (for example the switching of coal L
grades ata coal-burmng utility plant). - Methane and

. NMVOC emissions from stationary combustlon are’

Methane emrssxon est1mates from statlonary

“fireplaces and wood stoves) ‘The largest source of
N,O emissions comes from utility coal combustion,

accounnng for about 37 percent of total N,O emissions . *
from stanonary combustion in 1990. It is 1mportant to

note, however, that both of these gases are currently -

. not regulated in the U.S., and therefore, their ermssmn

processes are not as well-understood as emission
processes for some criteria pollutants. The estimates

.~ of methane and nitrous oxide emissions presented here

.

- NMVOCs and rate per amount of fuel used, respec— !
twely) rather than specific emission processes (e,
.rate by combustion technology and type of emlssmn

B

\

Sources L. Cntena pollutant emlssmn esumat_es are from U.S. EPA ( 1993b)

. e _:_ . 2 Methane emissions are based on NMVOC ClTllSSlDl’l.S from U.s. EPA (]993b)
T R and emission factors from U.S. EPA (1993a)

3 N, 0 emissions are based on IPCC/OECD ermssron factors for unconn'olled
N statlonary combusnon wood fuel combustron and U.S. fossil fuel and wood

fuel energy consurnpuon data, (IPCC/OECD 1994; Vo] 2) o SUREAN

¥

! _' in thrs section were taken directly from the U.S. EPA’s - -
National Air Pollutant Emissions Trends: )i 900 1 992
.. (US. EPA, 1993b).. U.S. EPA (1993b) estirnates - i,
. emissions of NO,, NMVOCs, and CO by sector and s
. fuel source using a “bottom-up” estimating procedure; "
. ie., the emissions were calculated either for mdrvndual
+..sources (e.g., industrial boilers) or for many sources:
combmed using basic activity data (such as fuel‘ )
- are based on broad mdrcators of emissions (i.e., » . v
" aggregate emrssnons ratios of CH, emltted to total

'_ mto four sectors .

. oven gas), and internal combustion (whlch includes N
: emlssrons from mternal combustton engmes that are

Vv . R ~

Industnal NGRS
_ 'Commercralflnstrtuhoual
.7+ Residential
o . Electnc Uuhtlcs

+

.. The ma_]

,_--_sectlon are: coal; ‘fuel oil, natural gas wood* other ﬁ.lels
-+ (which encompasses bagasse, LPG, coke and coke
. believed to be a function of the methane content of fthe

fuel and post-combustron controls. ‘_ S

Emrssrons estlmates for NO CO and NMVOCS

consumpt1on or deliveries, etc.) as indicators of -

. emissions. The national activity data used to calculate ’
" the individual source categories were obtained from

., many drﬁ‘erent sources. Depending on the source ..

A

. _category, these basnc actmty data may mclude ﬁ1e1




Table I-4 U S Greenhouse Emtgsnons from Statlonary Compnqg,gpn

" (Tiiousand Metnc Totmes)

By

el ¥,

{2

('ixiifnerctal.__

N
SR

NO NMVOCs and CO data are’ ﬁ‘om U S EPA (1993b) CH emissions were calculated from EPA (1993b) data usmg CH to
N.O emlssmns were calculated from EIA. data a.nd IPCC ermssmn Factors

NWOCS ratios from U.S. EPA (19933) (see text). f
; L)

v, of thls group on‘l.y“CH and N 0 are grgeﬁhouse gases \

T o

may_ riot sum 1 to tot:

R

Other fuels mclude LPG waste oil, coke oven gas, coke, and wood (except m the t'es1dentlal sector, where wood has been i
g o A

Y

This ﬁgure mc!udes total CH eiﬁéswns .from natural géhS‘stguOnmy st_)mces as. repot'ted m US




burned, raw iaterial processed, etc. Activity data are'

** the quantity of emissions to the activity. “The basic -
“bottom-up’ calculatlon procedure for most source

2K xEr, 'X(l C, /100)
‘emtssmns e e
- -pollutant A ‘
'"source categOry

acnvrty level
- "emissions factor - - %Y

percent control eﬁicrency

ll

Emlssmn factors are generally available from the -

‘ U S EPA’S Comprlanon of Air Pollutant Emzsszon i
" Factors, AP-42 (U 8. EPA, 1985) often referred toas

.+ overall control eﬁicrency of a source category from its
. Aerometric Information Retneval System — AIRS. .

: ) "stattonary combustlon as descnbed above is snmrlar to‘
- the, methodology recommended by’ the IPCC (IPCCI '
OECD 1994; Vol 1) -'\ :

tiof coal, fuel oil, and wood were calculated using -

. reported NMVOC.emissions for each activity from ~
JU.S. EPA (1993b), and pubhshed emission ratios of
*'CH, to 'NMVOCs (U.S. EPA, 1993a) for thesé activmes
’ 'The émission ratlos used are prowded in Table I- v

Est.lmates of methane emissions from natural gas
- “'ﬂcbn_sutnptwn came from U.S. EPA (1993a)." The fotal -
S V‘ermssmn estimate of 16 to 63 thousand memc tonnes '
c v of methane (0.1 to 0.4 MMTCE) is comptled by sector
L ‘(uuhty industrial, commercral and residential) and- -
" . technology type (boiler and non-boiler). The U.S. EPA"
(1993a) reported 300 thousand to 1.4 million metric . :
, tonnes {1.8t0 84 MMTCE) as the range of methane

. ermssmns from alt statlonary sources

The estimates of methane ermssrons from

o 'stanonary sources, other than gas-fired sources, aré .

L . subjectto considerable uncertamty due to the lack of -
- accurate data regardmg the technology type and the .
pollutlon control equ1prnent in each of the ‘other source
categories (e.g., coal fuel oil, and especlally wood) 3

 Asa result, est:mates are based on broad estlmates of
&

e

R T T e e

g

R

22

PN 5 Methane emrssrons from

o categones presented in EPA (l993b) is represented by. .

v

 used in conjunction with emission factors, which relate

AP-42 emission factors. The U.S. currently derives the '

*database (U.S. EPA,1992). The U.S. approach for - R
"estimating emissioris.of NO, CO, and NMVOCs from |

_Methane emlsswns from ‘stationary combusnon e

‘ .fuel and wood fuel consumption data; [Estimates were

o factors (by sectors and fuel types) by the'appropnat_.

‘_ : sectors and for coal use, 08¢g N O/G) for the ut111ty\
- sector and 1.4 g N O/GJ for the mdustnal commerclal 4

L from statlonary combustion can be tnne consummg - and
. complex... Moreover the amount of gases emitted ﬁ'om-
‘thése dctivities are not thought to be major contributors - -+ _
- to climate change. The uncertainties associated w1th ‘::" N

3

S ;methane and mtrous oxide esnmates, are also much s
“higher than the uneertamty assocrated ‘with estifnates’ of

T

gas-ﬁred sources were extenswely researched and documented in U S. EPA {19933) :'
GJ‘_ Gngajoule = one bllhon Joules One ]oule. 0 9478 Btu - S G

..’| Coal. _Combustion“_

" ‘Notes:

f methane est.lmates.are due pnmanly to the fact that 2

Table I-5 Ratlo of CH to NMVOCs
" Released During Combustlon

- Activity - - ~ .Ratio of CH, to NMVOCs - |
(Source Category) . (Low - High) .-

0. 05 to 1 .00, ;
it st d‘cs 00.10
Wood"COmbustlon“" = e
{Industrial Use) A

0.2

Wood .?éombus'tion';7- ‘
Residntial Use)

Other =~

Source .S, EPA (1993a); except for “Other” where the upper
" end of the fuel oil category was used as an appro:nmauon‘

.{"n Jat

“Emissions from wood—ﬁred eqmpment are based on U S
~" "EPA (1985). - Fot mdustrial wood combustion, the mean .

. “methane to NMVOC ratio is based on wood combustmn <o
" -in boilers, For residential wood combustion, the mean ™ 7. ¢
*._ "ratio is based on avatlable emxssnon factors for res1dent1al-- R
" -.wood stoves . ‘ -

\.'-...

-the percenmge of méﬂi%}ie' emissions relative to . -
NMVOC emissions -- a methodology, that results in s~ 7
very imprecise estimates. The estimates for gas-ﬁred S
statlonary combustton are more prec1se due to the '

Nnrous ox1de enuss:ons were esttmated usmg AN
IPCC-recommended emlsswn factors and U.S. fossﬂ“ Ee

U.S, energy data. .The emission factors used were: 4.3 -
~ g N,O/GJ® of energy’ mput for 'wood inall sectors; 0: 1 g
N, OIGJ for gas use and 0.6 gN ,O/G]J for bil usé m all.

and reS1dent1al sectors N -~

.-

- Estimating emissions other than carbon ‘dioxide

the emission estimates of these gases, especrally

CO from fosstl fuel combustion. Uncertamttes mthe .

b .a», :'
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ventllatlon and degasrﬁcatron systems at underground
mmes and surface mines as well as post mining opera-
~-tions. 'The analysrs of the 1990 emissions is based on -
actual data from methane ventrlatlon systems where '
avarlable where data were not avallable various., ..
estlmatlon procedures were employed o

The emrssmn estrmates for underground mmes
mcluded :

L ';-.‘ measured methane ermssmns in the ventllated
. .air frorn gassy underground mmes

ot \-\er

-*-'-estrmated ventrlatlon emissions from mrnes for
which measurements were not avallable and

e est1mated emissions from degasrﬁcatron
. systems

~ B
A

AR Emrssrons from surface mmes were estlmated
T usrng reported methane contents for the surface coals

~ from both underground mines and surface mines were .
methane contenit of the coal mmed in'each basm A

“more detarled dlscussron of emissions from each stage
of the coal extractron process can be found in U S. EPA

b SR

productton, processing, transport and dtstrrbuaon are:

and 25.6 MM TCE, with a central estu)tate of about

mmed in each U.S. coal basin.’ Post-mmrng emlSSIOHS‘ -

o estunated to be between 25 to 40° percent of the in-situ . -

2 Emlssrons from Natural Gas Productlon, o ‘% s

Processmg, Transport, and Dlstrlbutlon R ,

I

T he only srgmf fcant em:sswns from natural gas

" methane. Methane emissions from the U. S. na!ural
. gas systems account for about 11 percent of total U, s
methane emrsswns. 1990 emissions from the U.s. '
”natural gas system were estimated to bé between 13. I

178MMTCE

The key uncertamtres m these eshmates anse
- ; from emissions for which measurements are not

; N g “available. This is the case for emissions from mme

i. ;- degasification systems at underground mines, from

’ 2 surface mining, and in some cases from ventrlatron‘
systems. In addition, theré is somie ‘uncertainty, as to,
. <" the exact number of mines that have degasrﬁcatron

. systems in place. T i LA

Due toa combmatlon of mstrument error and

" of emissions from ventilation systems.may have'an

- uncertainty range of £20 percent.. For degasification
2 .systems, it was assumed that, based on previous
' ) expenence with degasrﬁcatron systems mines recover
40 to 65 percent of their total ¢ emissions. - To, the extent”
" that the degasrﬁcatron strategy vanes by ‘mine or coal
basm, ernissions could be over- or underestlmated
within this range. Estimates for surface mining are
con51derably less certain as there are no du'ect emlssron
measurements, and these may range from 1't0 3 (and
possrbly as much as ﬁve) trmes the amount of metha.ne
contamed in the coal '

" world, aré estimated-to range from about 0.8 to 1. 5

samplmg and aggregation errors, measured estimates" .

‘ engmes and engine exhauists, these emissions account
- for about 75 percent of total estimated emissions, with -

‘ upsets and mamtenance actrvrtres. K

 the U:S. natural gas system are estimated to be between

3 000 thousand metric tonnes (17 8 MMTCE) Thrs is,

gas in the U. S in the same year (see Table I-S)

'; Emtssrons from the U S natural gas sysrem
one of the most effi crent natural gas systems in the,

_ percent of the marketed gas, Like emissions from.oil -

s and gas productron and drstnbunon activities, these 8 -
; emrssrons are generally process re!ated fugmve
: emzsstons occur in all the stages of extractlon,

processmg, ‘and drsmbutrom Fugitive emissions
© ACross all productron stages. are estimated to accouut

for abom 38 percentof 1 990 U.s, natural gas systems
r emrsszons. - Together with emissions from gas:fired

the remammg 25 percent accounted for by system

T Accordlng to EPA (1993a), 1990 emissions from N

2,180 and 4,260 thousand metric tonnes of CH, (13. 1
+10.25.6 MMTCE), with a central estimate of about .

less than 1 percent of the 1990 total marketed natural




| Q,'T'abl'evlfs

Source of Emlssmns RS | rissions ( ‘ Average % of 1990
(stages) LA R RO : | - Marketed Productlon.

<, Ay

em155191} fagtors___fqr\ gdch model facxhty were
Qete_nnmed based on an’ appropnate measure
Jof the fac:hty s actmty, such'as throughput in

: cublc“feet per year ormiles of plpelme

mates ansesﬁfrom extrapo]atmg'measméi;ientl data from-

o 0 St [5G

:f For 1 990 methane emtssmns ﬁ'om ‘these

R -"-ds

C'E, w:th




Co, Emrssnons from Qil Productlon and
Processmg Actrvrtnes

' CO2 emissions from oil production and process-
[ing come from the natural gas that is flared at the

‘note that of the total reported U.S. vénting and flaring,
approximately 20 percent is actually vented, with the

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

is 4,261 million cubic meters for 1990 4,813 million
. cubic meters ‘for 1991, and 4, 746 mrlhon CUblC meters
, ‘for 1992.

. was estlmated to be 6.56 mllllon mefric tonnes (1. 79

. MMTCE) for 1990, 7.4 million mietric tonnes (2.02 -

. . MMTCE) for 1991, and 7.3 million memc tonnes (1.99
. MMTCE) for 1992.. These estimates were prepared

.. -using a conversion factor of 525 g C per m’ as deter--

" -: mined by Marland and Rotty (1984), and an assumed-

~methane is accounted for'in the sectlon below

lMethane Emlssmus from Oll Productron and
= Processmg Actmtles - L

T o _ Methane emissions from oil productlon and
processmg were estimatéd in EPA (1993a) by deter-

. mining representatlve ermssrons from ma_]or acnvmes

These inglade™ T T

fugmve emissions in the productlon ﬁeld

o routme mamtenance emlssrons in the
productlon field,

crude oil storage facrllty emissions, and

‘emissions from crude oil storage facrhtles
' refmerres marine vessel operations, and
ventmg and ﬂanng S

R These total emrssrons based on model faCllltleS
" are estimated to be between 100,000 and 620,000
metric tonnes’ of CH, (0 6to 3. 72 MMTCE) per year.

: “‘. productlon-related act:vrtles are h1gher than for other

‘production site, which releases CO, as a by-product of
“. ‘. the combustion process.- Barns and Edmonds (1990) = °

+ remaining 80 percent flared. According to the Natural .

The amount of CO resulting from the flared gas -

- NO_ NMVOCS, and CO Emissions from Oll
. .and Gas Productron Actmtles

. " Department of Energy’s Energy Information Adminis-.- e
'&agon the total a}nilafbf sl gas Vented of flared * * ProduCtion, storage, and transportation contribute gnly.
. _arelatively: small portion to the overall U.S. emissions

7 of these gases Emrssmns of these gases were rela- "

-__tamty range is esttmated to be 1/4 to 4 nmes the”
_estimated value ' - :

sectors of the oil and natural gas system due to a
general lack of emissions data. This is particularly true
of venting and flaring data, the largest component of .

. emissions, which in many cases is based on “balance” .
- estimates’ of unaccounted—for—gas The overall uncer-' -

- -
.

‘_s.. P
\u s T

Crlterla pollutant emlssrons from orl and gas‘

tively stable for the 1990 - 1992 penod (see Table I-9) e

a emissions and the fact that some emissions occur o L
' penodrcally or unexpectedly, prec1se measurements are e

Due to the dtverse nature of the vanous types of, ot

‘not practical in many cases. Asa result the uncertam- .

- lsectton vary, rangmg anywhere from 25 to 50 percent‘

«~ flaring efficiency of 100 percent. The assumed uncer- -~
\tamty range is + 25 percent. The 20 percent vented as .

© refining, petroleum product storage and transfer and

" line, crude oil and distillate fuel oil ‘storage and transfer L
"~ operations, gasolme bulk terminal and bulk plants ;

tions. Emission estimates were determined using -.
industry- -published productlon data and applymg

The uncertamty surroundmg the estimates for _— average emtssronlfactors S

ties asgsociated. wrth the emission estimates in'this -

Table 1-9 NO NMVOCs, and co Emnssmns‘

(Thousand Metnc Tonnes)

Ye?“ ~NO, NMVOGs O i
1990 -92 o 66R __.'__3?3__ f
: 1991 93 676 397

.~1992 "85»- ;—32{8? ;‘;:-..:f_365_l:“:_:_,‘;{ '

L Source US EPA (1993b)

. The U.S. EPA (1993b) provided emission """
estimates for NO , NMVQCs, and CO from petroleum O

petroleum marketing operations. Included are gaso-

operations, and retail gasoline service stations opera-




usmg IPCC-prowdéd default \}Z}'lﬁé"s:jof '87 “p;i‘f:enti

iR

-sepéfa‘e’y\f P ) ;.,(jfkthe _éfﬁmency 'of‘wbod corhbustlon"processes\

vty R

mamly of ethanol usq_ m the transportanon Secto
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U.S. Midwest, and used primarily in the Midwest and
South. Ethanol can be used directly, or mixed with
- gasolme asa supplemem oran octane enhancer. ‘The

. vehlctes ‘such as buses, or centrally-fueled feet

»vehtcles. Ethanol and ethanol blends are bebeved to

_burn “cleaner” than gasolme (Iower in NO_ and .

- other hydrocarbons), and are being tested in urban

_+ @reas with poor air quahty However, because . ‘
ethanol isah ydrocarbon fuel its combusnon releases

.carbon dioxide. ' -

_ Carbon dmxm’e emissions from ethanol use m s
' the U.S. are generally declining, due to a combination
y “. i 0f low gasoline prices and limited ethanol supply. .In_
Go o 1990, total U.S. CQ, emissions were 1.2 MMTCE,
o mostly from the Sauth and Midwest (See table I-II)
S These emissions are not included in the U.S. total -
.7 sincethe corn from which the ethanol is denved :s o

praduced ona sustamable baszs. w0

- and elhanol blends are used fo fuel publzc transpbr_t e

JE—

Table 1-11. US CO Emlssmns from Ethanol . ‘
‘ by Reglon' 1990 ' :
(Million Metric Tonnes) o

;;a“.;;l;;l 1990 |.:
0L

“‘ .‘;-.J. Regio‘n":._‘_. A
Northeast |
' South
Mldwest

. West.

Total
Source: EIA (1994i).

"

EmlSSIOIlS from ethanol were estlmated usmg
EIA (1994i)." In 1990 the U.S. consumed an estlmated
750 million gallons (or 63 trillion Btus) of ethanol, s §
"mostly. in the transportation sector (EIA 1994i). Using " .-
an ethanol carbon coeﬁicxent of 19 m1111grams C/Btu..
(OTA 1991) 11990 emissions of CO, from the use of ’
ethanol were calculated to be 4.4 m11110n metric tonnes -
(1 2 MMTCE) :

CANRAKL Iy




The productlon processes, addressed in tlus sectlon ‘

A

3 mcludc adlplC ac1d producﬂon, carbon ledee manu-
3 cement produ_ctlon, lime productlon hmestone

P AR S S R TR e Pl wo

use:(e £ for 1ron and tccl makmg, ﬂue gas dgsu}ﬁu‘

e v

) thl.’l 'I'he IPCC has not rovnded spec;ﬁc detalls (e g

X S

X defaqlt ermssmn factors) to calculate emlssmns ﬁ-gm

Jeah

‘_includmg carbon

“ids with emtss:dns of carbo'_  dioxide, the, carbon is 4.

k. m




" Table II-1. U.S. Greenhouse ‘Gas E_lnis_sions_l'l'om Industrial l’rocesses: _ 199ll

Emissions
‘ htoAd st Full Molecular Welgllt
RN . Source . (10’ metnc tonnes)
.:CARBONDIOX[DE (c0) S o

Cement Production " 32 700
R ‘ lee Productlon . g 11 900
_ Lunestone Use M‘ , R .5_100
) Soda Ash Producnon and Use : h . | 4 100
- Carbon Dloxule Manufacture o | _\'-;1:,200'.‘
TOTAL ¢ . 55,000
NITROUS OXIDE (N 0 . '
; Adlp1c Ac1d Productlon L
. Nltnc Ac1d Productlon )
- TOTAL _ ‘”
HFCs and PFCs - =~ = 7

HFC23. .f":‘ ORI S
' _'HFc 134a .
-+ HFC- 152a

-~ "PFCs (CF, and C2F6)
j . 'TOTA,L ; B

producuon process when alumina (aluminum oxide)- is.. "

oo _'. reduced to aluminum. The reduction of the alumina’ .
‘ ~occurs through electrolysis in a molten bath of natural
::_, or synthetlc cryohte The reduc‘oon cells containa .. . -
i carbon Immg that serves as the cathode Carbon is also e

BT

present in the anade and cathode materml the ‘
ﬂuorme is present in the molten cryohte in whiah the
“redyction of alumina occurs. Total U.S. emissions in .
1990 ranged from roughly 1,200 to 3,700 metric tons
“of CF,(1.7 to 5.2 MMTCE). Emissions of CIF‘s are’
' esnmated to be an order of magmtude lower, ranging .
. ﬁ'om 1208 370 metric tons (0.17 to 0.52 MMTCE) "

1

Carbon dioxide is ermtted during the alummum _

‘During reduction, some of this carbon is omdlzed and

. lare emxtted for each ton of aluminum produced . 2,
. (Abrahamson 1992).. US. primary. aluminum produc—
* tion in 1990 was 4,048 thousand metric tonnes (Bureau
of Mmes 1993a) Using the mldpomt of the emission .,
- factor rangé, CO, emissions from aluminum producnon,.

: CO (2 MMTCE) or 0. 15  percent, of total U 8. €O,

contamed in the anode wluch can be a carbon mass of
paste, coke bnquettes, or prebaked carbon blocks

released to the atmosphere as carbon dioxide.

Apprommately l 51022 tons of carbon d10x1de

- are estimated to have been 7.5 mllhon metric tonnes of o




1992 was 4, 121 thousand metric tonnes and 4 042 AL 0 em:sswns Nztm- ac:d  grew sltght{y from 1 991 to L
thousand metric tonnes, respectively, generating 7. 6 R | 993 ‘resulting in N,0 émissions of 2.9 MMTCE in "~

million metric. tonnes of CO; (2 I MMTCE) in. 1991 . 1991 3.0 MM’I‘ CE in 1992 and 3.1 MMTCE in 1993 e
_and 7.5 million meme tonnes of CO (2 MMTCE) m ¥ :
' 1992 The CO ermssmns frem th.lS SOUI'CC are already

nooam T

N1tnc acxd is an morgamc compound used

T Den v e

annnoma (U S?

aste gas stream may be cleaned of other‘pollutants “
such as, mtrogen d10x1de“'there are currently no control

-."

R Y

in the productton oj ndzptc ;




tions.. For the most part, carbon dioxide used in these
applications will eventually be released into the
atmosphere. :

.+ Industrial Carbon Dioxide Emissions by Source: 1990 ..

v

.}.. sources, Carbon d10x1de consumptton for uses. other m;;

il ‘_ estlmated fo be about 0.33 MMTCE i in 1990, or less *

dioxide demand is expected to e.x;pand five percent
ennualbf through 1995, with the greatest opportum— -

& -ery, and’ varwus industrial apphcanons (Freedoma
Group, 1 991 ). As a resuls, carbon dioxide emtsswns
. are estrmated to have been 0. 34 MMTCE i in 1 991
0‘36 MMTCE in. 1992 and 0 38 MMTCE m 1993

. and ‘miscellaneous apphcanons including food pro-
: cessing, chemical productlon, carbonated beverages, |

h enhanced o1l recovery is injected into the ground to.

; e mcrease reservoir pressure, and js therefore consndered‘ \' .
. ',sequestered' _For the most part, however carbon P
d10x1de used in these apphcatlons W11] eventually enter f

theatInOSphere :

ledeC is produced asa by-product from the produc-.
-tion of other chemicals (e.g., ammonia), or obtained by
separatton from crude oil or natural gas. Depending on
" the raw materials that are used, the by-product carbon

 dioxide generated during these production processes

'._' may already be accounted for in the CO, emission
' estnnates from fossrl fuel consumptlon (etther dunng

1 - A . N
q N . . -
I -t T, . . : . R

| Carboh dioxide emissions from this source are

than 0.1 percent af total U.S. CO emass:ons. Carban -

. ties in chemtcal manufacturing, enhanced oil recov- ,, ,

Carbon d10x1de is used for a vanety of tndustnal-‘ S

and enhanced 'oil recovery Carbon dioxide used for

\V1th the exceptlon of a few natural wells carbon

ot It is unclear to what extent the CO used for enhanced 011 recovery wﬂl be re-released For example the carbon S
ke dtoxjde used for EOR is likely to show up at the wellhead after'a few years of injection (Hangébrauk et al;1992)." This CO
-7 however, is typically recovered and reinjected into'the well. More research is requifed to determine the amount of carbon .
Ly ledee that may potenually escape For the purposes of thls analysm. lt lS assumed that all of the CO remams sequestered

combustton or ﬁ-om non-ﬁlel use) For example

ammonia is manufactured using natural gas and

naphtha as feedstocks Carbon dioxide emissions from.

this process are included in the portion of carbon for - o
. non- fuel use that is not sequestered (see Part I)-- FAE TR

43...“5. -

i Carbon dtox1de ‘émissions. were calculated‘b A
estlrnaung the fraction of manufactured carbon dtoxrde
that is not accounted for in these other emission ™

o _,‘ [

“ than énhanced oil recovery was estimated to be 44
" million short toris in 1990 (Freedonia Group, 1991)
. Carbon dioxide wells, natural gas wells, and fermenta- b
..tion account for apprommately 30 percent of total
product.lon capacity in the UsS. Assuming that the
" remaining carbon dioxide i 1s accounted for in ermssron
_estimates from other source categones CoO, emlssmns
from this source are esnmated to be about’ l 2 nulhon
metric tonnes (0.33 MMTCE) in 1990. Because:
carbon d1ox1de demand is expected to expand ﬁve
percent annually through 1995 (Freedonia Group, ..
19913, carbon dioxide emissions were estunated tol.”
: have risen to 1.26 million metric tonnes (034 l__\._ -
MMTCE) in 1991 1:32 million i metnc tonnes (0367
" MMTCE) in 1992 and 1.4 mllhon metnc tonnes (0 38 ‘
MMTCE) in 1993. These estunates are hlghly uncer- C _}._ '

\,.‘(4--

'Adlplc A(:ld Productlon ST

Adtptc actd producnon has been zdent:f ed as a _
s:gmf fcant anthropogemc source of atmospheric .‘ R
mtrous oxide (N, 20) Aa'tptc acid is a major compo-
nent used in nylon producuon, as well as production .-
“of some low-temperature Iubricants. It is also used to
provlde foods with a “tangy” flavor. The U.S. ac-

. counts for approxlmateb? one-third of the total -

'_ ammal global productwn of adtptc aad (Thiemens &
Trogler, 1991), Based on. 1990 US. ad:p:c acid ‘f_;' -c -
productmn of 735 thousand metric tonnes (C&EN .
1992), nitrous oxide emissions from this sourceare . :

: esnmaged to be 4.1 tMMT CE, or 13.7 pereenr of t_o{al B

- eV e




‘US. N, 0 emissions. Adipic acid productmn inthe ' nitrous oxide emissions from this source are estimated

. U.S. rose to 771 thousand metric tonnes in 1991 and to be 56. 2 thousand memc tonnes N, 0 (4 l MMTCE)
;fellto 708 thousand metric tonnes in 1 992 and 1993, 3 W
' Armual N 0 emassmns for those years were 4.3, 4.0,

X Adlplc amd productmn in 'the U S was 771' -
: thousand memc tonnes m 1991 and 708 thousand Ko

thousa“fi‘d metnc ton’hes @3 MMTCE) im' 1991 .«ma 54‘
anc )

p1c acxd productlon facnlgtles the “anount of N 0

A N IOR W

Y it is Iactually reieased‘m!} depend-on the, leve_l‘_‘o

\_dlple ac1d is. producedthrough“a two-

PORE i

was r‘eieased inig the atmosphere (Radian; 1992)* B
- 1996 all adlplc acnd productlon plams wﬂl have ’

st




. 4 Soda Ash Manufacture and Consumption

~3

- Industrial Garbon Dioxide Emisslons by Source: 1990

3 Commerctal soda ash (sodtum carbonate) is
"2 “used in many famtlrar consumer products such as
. glass, soap and detergents, paper, ‘textiles, and food.
.y --Jnternatronalty, two types of soda ash are produced -
" - natural and synthetic. The U,S. produces only .
" natural soda ash. . During the productton process,

' transformed into a crude soa'a ash that reqmres _

_further refining. Carbon dioxide is generated asa
" by-product of this reaction, and is eventually enntted
, tm‘o the atmosphere In addrtron, carbon dtaxtde ts

- Of the two states tnat produce naturat soda ash
only Wyoming has net enuss:ons of carbon dtoxtde
Because.a dqﬂ"erent productton process ts used in
i Caltforma, those soda ash producers never actually
release the carbon dioxide into the atmosph ere. -
: Instead ‘the C'O is recovered and used in otner stages
o af productron. U S. carbon dioxide emissions from
L “soda ash production are esttmated to be. approxi--
,k “mately 0.39 MMTCE in 1990. Carbon dtoxtde
. . emissions from soda ash productton were 0.39
g MMTCE in 1991, 0.40 MMTCE in 1992 and 0 38 -
' MM TCE in 1993. :

;' o ; - Sodaash consumptton in the U 8. generated

about 0.74 MM TCE of carbon dtoxrde in 1990." :

,' . Annual soda ash consumption in ‘the U.S. decreased
sttghtb; in 1991 and 1 992, but recovered i in 1993. -
Carbon dioxide enusstons from soda ash consump-

tion were 0.71 MMTCE in 1990 and 1992, and 0. 74 -

MMTCE in 1993, Together, soda ash productzon and
use accounted for almost 0.1 percent of total U 8. CO
ermssmns in 1990. '

-
X

Soda ash (sodlum carbonate Na2C0 ) is, a whlte

———

: natural sources of sodiui carbonate are heated and T
--10. 27 metrlc tonines of trona to ‘generate’l metric tonne

; "of CO “According to the'U.S. Bureau of Mines, 14.7
.'mtllton metric tonnes of trona were mined i in: 1990 for
& soda ash productton (Bureau of Mines, 1993c¢). Tlus

results in CO €missions of approxrmately 1.4 nulhon

strongly alkaline. Commercml soda ash is used asa

raw material in a variety of industrial processes. It is
used primarily as an alkali, either in glass manufact_ur-

ing or simply as a material which reacts with and
- neutralizes acids or acidic substances .About 75 '

percent of world productton is synthet:c ash made from .
_“sodium chloride; the remaining 25 percent is produced :
. from natural sodium carbonate-bearing dep031ts The TR

U S. produces only natural soda ash.

A Durmg the productlon process, trona (the prmcr- _
g pal ore from which natural soda ash is made) is cal- *
_cinedina rotary kiln and chenucally transformed tnto a '
crude soda ash that requires ﬁtrther processmg Car-
bon dtomde and water are generated as a by-product of

_ the calcination process. CO, emissions from the
. calcination of trona can be estn-nated based on the
followmg chemrcal reactton ' S

2(Na3H(CO,)22H 0) “s 3Na,co +5H,0 + co

[tronal ot 'lsodaash]

) Based on tlus formula it takes approxunately

metrtc tonnes (0 39 MMTCE). Trona productlon from

1991 to 1993 was 14.7,'14.9, and 14. 5 million1 metnc
tonnes, respecttvely Usmg the methodology descnbed .
above, carbon dtox1de emissions from soda ash produc “

“tion, in these years were'1.43 million métric tonnes |

* (0 39 MMTCE) in 1991:°1,45 million metric tonnes ‘

. (0.40 MMTCE) in 1992 and T, 41 rnlllton mefic
tonnes (0 38 MMTCE) in 1993 S

An altematlve method of natural soda ash o

of domesttc soda ash consumptron, with smaller

productlon uses sodium carbonate-bearmg brines. To

extract the sodium carbonate, the complex | brines are

ﬁrst treated with carbon dioxide in carbonation towers
*" to convert the sodium carbonate into sodium bicarbon-
= 22 ate;, which-will prec1p1tate under these conditions. :The -,
precrpttated sodium blearbonate is then calcined back
- into sodium carbonate. Although CO is generated asa-
by product, the CO; is recovered and recycled for use .
in the carbonatton stage and is never actually released

Glass manufacture represented about 49 percent

ERRA
.




”neous uses In each of these appllcatlons a mole of - In 1 990 HFCs and. PF Cs were not used w:deb:; ]

[P N S T

carbon is released for every mole of soda ash used. as commerczal chemzcats However, these gases were
- Thus approxnmatelylo 113 tonnes of carbon (or 0. 415 o '

-

Mm 's 19930), Wthh ge‘he'"ﬁites ab ut\2f7 rmll'o

. HFCs and PFCs) '

e T

harmful 0 thé st _'rosphe ric ozone layer, h‘ 7) _a‘




a vintaging framework that generates results

using information on the stock of equipment
. in each end use, chemical use per piece of

equrpment, equipment lifetimes, and emission
rates from each prece of eqmpment ‘and -

“}substrtutron scenanos that descrrbe when

" chemicals will replace ODSs as they are. -
“phased out under the Copenhagen Amend- ~*:
_ mients to the Montreal Protocol. The scenarjos -
“re based ofi estimated market penenatlon and -
‘the number of years it may take to ﬁJlly

w

-_.. .

HCFC-22 production. HCFC-22 production was -

" estimated to be about 138 thousand metric tonnes in -
1990, resulting in 5.5 thousand metric tonnes of HF C-
23 (15.05 MMICE).

Perﬂuorocarbons (PF Cs)

L The alurmnum productlon mdusuy is thought to
be the largest source of: two PFCs -- CF, and CF.- -~
Emissions of these two. potent greenhouse gases occur i
”durmg the reductlon of. alumma ini‘the primary smelt- \
. ing process.* ‘Aliiminum is produced by the electro- o
-, Iytic | reductron of alumma (Al 0,)in the Hall-Heroult i
reductron process whereby alumma is dlssolved in:
molten cryohte (Na_‘AlFﬂ) which'acts as the electrolyte ’

and is the reaction medium. PFCs are formed during

L 1mplementa substltute .
‘ o Table II-S Emrssrons of I-IFCs and PFCs. 1990
- A (Mllllon Metnc Tonnes)
Compound Molecular, *GWP. ' Carbon- :
, " Basis - .7 . Equivalent*-
- - HFCs . e lallu.-f : g
“HFC723 | 000552‘ 10000_ T1s0s |
VHEC-134a 00005 1200 "< 06
| HFC 152 °. .o.o_oos ' "‘.‘f'lsd - Mool
PFCs ; ‘ Sk
‘ Total PECs™ — 0.003 - " 5400 - ~3.98°
T Thc GWP for HFC-23 was obtamed from U S EPA’s
‘_ Office of Air and Radiation and is based on unpublrshed _
h _data from DuPont Chemical Company and others.. The ..
S GWPs for the othér co_mpounds are from lPCC (1992)
" |Souree: U'S. EPA, 1994b o e

dtsruptlons of the productron process known as anode RN
effects (AE) ‘which are characterized by a sharprisein ©
voltage across the productton vessel, The PFCs can be '
produced through two mechanisms: direct reactron of .
fluorine with the carbon anode; and elect:rochemlcal o
" formation. In both cases the fluorine orlgmates from e
~ drssocrauon of the molten cryolrte - C

T

S
Because CF and C JE, are mert, and therefore -
pose no health or, local env1ronmental problerns there c L
: has begn, llttle stiidy of the processes by which emis-’ ‘_ B
~:-gions occur and the unportant factors controllrng the g e
magmtude of é emissions. - In general however, the = ™ »
magmtude of ¢ emrssnons for a given level of productlon
depends on the frequency and duration ofithe anode " .-
-effects durmg that productron pertod The more

3 'cral chemrcals in- 1990, emissions of these compounds
- ~were relatively small. Emissions of HFC-134a were -
" MMTCE) in 1990. Emissions of HFC- 152a (a compo-’
nent of the refngerant blend R-500) were estimated to
be approximately 300 metric ‘tonnes (0.01 MMTCE)

HFCs continue to be evaluated and mtroduced on the
market as refrigerants, solvents, fire exnngurshmg )

» oL f‘ agents stenhzers and foam blowmg agents, -

.

“22asa polymer precursor will continue. : By-product
‘o emrssmns of HFC 23 are assumed to be 4 percent of

Because HFCs were not used w1dely as commer- \;

s,_estrmated to be approximately. 500 metric tonnes (0 16. .

. HFC-23 is currently ermtted asa by-product of N
i HCFC-22 production. Even after HCFC-22'i is phased =
out under the Montreal Protocol, production of HCF C-:

frequent and long-lastmg the anode eﬁ'ects the. greater\ R

the ennss:ons e

. - :
-.n,a.m Awt.a—aat i -\._.‘-._,._....

.. The methodology used to estunate emrssrons of S
PF Cs from aluminum productron first calculates a per o
umt producnon emissions factor as a function of .
“several unportant operatmg vanables, mcludmg

- average anode eﬁ'ect frequency and duration. Total

- "annual emissions are then ¢alculated based on reported
annual productron levels “The five components. of the L g
per unlt productmn ermss:ons factor are: _;' o

i s e

\ :

. 1 the amount of CF and C F emltted durtng
S every minute of an anode effect per kAmp of
" eurrent; SRS :

the average duratton of anode effects ex-
pressed in anode effect mmutes per effect <




Y

ent eﬁic:ency

- eloy
.rang _-from 0. 03 to 0.09; kg C F6 per metnc ‘ton of :

alummum produced Bas_ed on 1990 alummum

The ,avegage_ ‘duratlon‘o

anode effects ~'accordmg to prellrnmai'y‘ resul

-anodes. effects and the current eﬁicxency axe well

=

‘docu‘rilefited, alt;}ough théi( may' chén‘ge‘o_ver ume‘%ié'

arbons (CFCs) and oth r-haloge

oy SN e

nated ﬂuorocarbons- whlch\were em tted mto the

:ﬂuorme 1s'ri)ehev'ed to be a potent greenhouse :

gds. Haion compounds eoﬁtét‘n bromme atoms
“ - _‘_ _;\-, S 3

rine atoms, W




"chloroform is actually a partlally halogenated _

. : compound (the only one to be included in thrs

27U Class). These ¢ompounds are the pnmary '
. © ODSsinuse today :

'}'?;»:Class Il ODSs mclude pamally halogenated

which were developed as interim replacements -,
for CFCs, Because these HCFC compounds

~ carbon bonds are more vulnerable to oxrdatlon
.- _inthe troposphere, and therefore pose. only
“~about one-fenth to one-hundredth the threat to
stratospheric ozone compared to CFCs. .
- .. Although HCFCs pose less of a threat to the
o sl . earth’s st;ratosphenc ozone layer they are still
" ‘powerful greenhouse gases, with GWPs . .

- several orders of magnitude larger than CO,
. (for example, HCFC-22 has an esttmated
* diréct GWP of 1600, which makes HCFC-22
- 1600 times more heat absorberit than an
' equivalent. amount by wetght of CO in the e

substances in the U.S. are bemg phased out in accor-
€ da.nce w1th the Montreal Pmtocal and the 1990 Clean
Alr Act. Under these measures, the productron of Class
1 substances in the U.S. will cease by January 1996,
whlle the productlon of Class il substances will be -

v _' gradually phased out by’ January 2015." Another group
N § parnally-halogenated compounds that do not contam o

I Although the IPCC emission mventory ‘guide- . 7
3 ; " lines do not include reportmg emissions of CFCs and -
o - related compounds, the U.S. believes that no mventory
is complete wrthout the inclusion of these emissions;
therefore, emission esttmates for several Class I and
- Class 1 ozone-depletmg substances are provrded in
¢ TableII-6. 1t should be noted that the use of these
i" . compounds is declrmng as the U.s. fulﬁlls its obltga- X
‘ *_tions under the Montreal Prorocol Also the effects of
D these compounds on radiative forcing are not provnded _
; here Although CFCs and related compounds have
¥ »"véry large direct GWPs, their indirect eﬂ'ects are ™
{ - . believed to be negative, possxbly equal in magmtude to '
- then' dtrect effects. Given the uncertamtres surround-
§ RS gy mg the net effect of these gases, they'are reported here e

Table II-6 us. Emissions of ODSs and Related |

Compounds for 1990 .
(Mrlllon Metnc Tonnes Molecular Basrs)

LLC!’_tﬁpsl!nd ;

.. chlorine compounds (known as HCFCs), % =

_are only partially-halogenated; their hydrogen- v

Class I

CFC—ll e
ST oY RENE T
CFC-113
! CFC 114 N
~+CFCH15
Carbon Tetrachlonde .
Methyl Chloroform
-“":1-;{‘? . - Halon-1211..
RN Ha]on-1301

ClassII
HCFC 227.; e
HCEC -141b 7 © -

V The productiori and use of Class I and Class o .

n ‘esttmates U. S consumptlon based on forecasted

'-'end use

Nchlorme known as'HFCs, are, bemg developed as long- v

... term replacements for Class I and Class II substances -~5-ODSS and related compounds are not instantaneous; - .w..'“ ‘

occurnng gradually over time, ‘e, emissions ina

have occurred e T ’

*for ODS use in both the current year and | in previous -
‘years. Uncertainties exist over the levels of produc-
. ., tion, data sources, and emissions profiles that are used
" . by the model to estunate yearly ermssrons for each

: compound : :

regronal shares ‘These data are further subdwrded by

With the excepnon of solvents errussnons ﬁ'om

. given year are the result of both ODS and retated’ "o

compound use in that ‘year and their use in previous.. L B
"years. Each end-use has a certain release profile, = '
" 'which grves the percentage of the componnd that is . ‘
released to the atmosphere each year unttl all relcases o

The emrssron estlmates provrded here account £

ioas T .y w . 1‘. R

«Methy! chloroform CEC-12; and HCFC-22 werer L
1+ “three of the most prevalent ODS emissions in 1990, *
1991, and 1992 In 1996, anestlmated 316 thousand




_,metnc tonnes of CFC—12 and 82 thousand metnc C s 11’1 addltlon tO the mam greenhouse gases ad
tonn_os of HCFC-22 In contrast, emlssmns of HCF~ ‘

L e S g,

emlssmns of cntena air pollutaﬁts Total U, S' 'emls-‘

Sl o e
g i or = AR y

C m non-

Skl

NMVOCs from Industnal Proc

Polymer & Resm Man_ufactunng

‘ Agncu

LAY

"Machinery Products
7 Eleou'omc Equlprnent
: \: Transportat:on Eqmpment

~5'*\ R,

Inorgamc Chemlca] Storagc & Transport

e




estlmates in thlS section were taken dlrectly from the
.U.S. EPA’s National Air Pollutant Emissions Trends,
2" 1900 - 1992 (U.S. EPA, 1993b).: This EPA report .
o 'provrded emission estimates of these gases by sector, .
~usinga “top down” estlmatmg procedure: the emis-
' ‘sions were calcu]ated either for mdmdual sources or
? for many SOUrces. combmed using basic activity data B '

(e g.» the amount of raw material processed) asan .
indicator of emissions. National activity data were =~ _

' collected for individual source categories from various
. -agenc1es Dependmg on the source category, these . -
" basrc actmty data may mclude data on productlon, fuel:
- deliveries, raw material processed ete. "

4

ST

Activity data are used in conjunction with - . ‘
emission factors, which relate the quantity of emissions
to the activity: Emission factors are generally avaxlable

. from the U.S. EPA’s Compilation of . Air Pollutant o
- Emission Factors, AP-42 (U.S. EPA, 1985).- The EPA
" currently derives the overail emission contro] effi- ~ .

“ciency of a source category from a variety of sources, =
~"including published reports, the 1985 NAPAP (Na--. - "+

tional Acid Precipitation and Assessment Program)
emlssnons mventory, or other EPA data bases.

Table II-8 U S Emlssrons of NO CO and NMVOC from Industnal Processes* 1991-],995‘--_\ :
e (Thousand metnc tonnes) N e

: ~Other Industnal Processes.*'“ ‘. e e

- ~

7 ;:ﬂ_St_orage-sfpd .Transport B




T

solvent use (over.40 perceﬁi), while “nion indus:.

B e R

uses accounted for ‘about 30 percent of the
emlssmns durmg the s same . period.”

Hﬁhu-.....‘.uu By LR p iy g e

cleaning accounted for shghtl over three

LR R

.‘E;rcenbof the yearly- emlssions from solvents use

hquse and photochemlcall unportant tracé gases. :

SIS

g L

referred’to as i S VR tpest The major. categones of solvents use

@ shght declme fi-hm 1990 ‘to, 1991 while emlssmns

e = dman
T 12

and. NO ,remamed relatlvely'stable ‘for‘-the.

Tl

5 T

\ousand Metnc;Tonn




i S Table III-2 contams detalled 1990 emission.
7 " estimates from solvents by the major source categones

o . Estimates of emlss1ons from solvents came from
U, S. EPA (1993a), whlch estlmated emlssmns based on
il “bottom up” process This process involves aggre-

_ gating solvent use data based on mformatlon relatmg fo.
L - solvent uses from different sectors such as degreasing,

> -~ :graphic arts, etc. EmiSsion factors for each consump- -~

. , Table III-2 U S Emnssnons of VOCs, NO and CO by Category 1990
- ‘ (Thousand Metnc Tonnes) ‘

l non category are then apphed to the data to esumate
" emissions.” For example, emissions from Surface

coatings are mostly due to solvent evaporation as the

coatings sohdlfy By applying the appropriate solvent
emission factors to the type or types of solv_ents used
for surface coatmgs an estlmate of ermsswns can be
obtamed R

_-_.. s e e

" Source’

'Degreaising '
Graphlc Arts
: Surface Coatmg
Other Industnal
Dry Cleamng

' Non—Industnal

e "”‘"’Total e




7 'about 44ipc§cent of total U S ermssmns Ag;ncultural -

0 ey

Bummg (1 %) °

= ‘:

o

i

goats, ‘have the htghesl methane ermsswhs dmong aIl

Sy - et

ammal types 1 because of the:r umque dtgestzve system“

A m
: ‘typeS“ beef and dalry cattle are by far the larges\tﬁ% 3

L >y

tems

S R

produéed nd 'excreted by

inventory

ey




Entertc fermentotton in domesnc hvestock is a - down consumed feed mto soluble products that can be

Snr ‘mojor source of methane in the U.S. Emissions in~ . utilized by the-animal. The microbial fermentatlon that : :‘ A
¢+ 1990 are estimated to have been approximately 28 to . occurs in the rumen enables ruminants to dlgest coarse ! -
-\ 42 MMTCE. This répresents about 22 percentof . plant ‘material that non-ruminant animals cannot drgest' T

total U.s. methane emissions, ‘and about 68 percent of Rummant ammals have the h1ghest methane emlssrons_

methane em:sszons rom the agnculture sector. = “amon; all ammal types because a srgmﬁcant amount Q

_ g
j e Of il domesnc Itvestock, ca tle are by fa.r the methane-producmg fermentatton occurs W]thln the "
Fo " rumen. T T N
o largest source of methane. In 1990, cattle accounted .. o TLE

for 95 percent of total emissions from enteric fermen- * .. Non-ruminant domestic animals, such as pigs,:
totton in domestic livestock; of total cattle emtssrons, horses, mules, | rabbits; and guinea pigs, also produce
beef cattle accounted for 73 percent, and dairy cattle - - *methane through enteric fermentation, although this-
“‘thé rest. The North Central and South Central states . microbial_fermentation occurs in the large mtestme )
each account for roughly 35 percent of emissions = The non-rummants have much lower methane erms-
from beef cattle, primarily due to the large beef cattle "sions than nmunants beeause ‘much less methane—
populattons managed in those states,” The North . producmg fermentatlon takes pIace in thelr dlgestw
g-:'- > Central, West, and North Atlantic states each account systems : '
< for roughly 43,20, and 18 percent of emissions from
datr;v cattle. T?:ese regional contnbuttons are also '

ammal possesses its feed intake also affects the
d 1l ’
large{y “ reﬂectron oji'tbelarge any “ ep op ula . ; amount of methane produced and excreted In general
t:ons in those states. e e

. : EE .the hsg,her the feed intake, the higher the. methane .

_ Emtsszons from enteric fermenmtton in domes— ' emissions. - Feed intake is posrtlvely related to ammal
- tic ltvestock mcreased by about 0.8 percent per year ‘ size, growth rate, and productron (: e, mllk productton
between 1990 and 1992, ond by about I percentin’ .- _Wool growth ‘pregnancy, or'work): - ’I'herefore feed
1993 This increase is przmanly due to increasing . intake varies among ‘animal types as well a8 among
beef cattle populattons. Methane emissions ﬁ'om o drﬁ‘erent management practtces for mdmdual ammal

~

I

In addmon to the type of dlgest]ve system that an

i““—‘" entertc fermentatton in'the U.S. ranged from 28 to 42 types -‘."_ o TR
- o WTCE n 1991 28 to 43 MMTCE m 1’992 ond 29 : ‘ ' ;
v to 43 MM TCE m 1 993 v

o

¥
T,

R ¢ ThlS sectron presents estimates of methane
Ll C o - ; emissions resulting from enteric fennentatton in’
Methane is produced dunng the normal d1gestwe - domestic livestock. The emission estimates were "

e e TR T

processes of ammals During digestion, feed con- L obtamed or denved from U.S. 'EPA (1993a) Only’ .

'sumed by the ammal is fermented by microbes resrdent . animal$ managed by humans for productlon of ammal
an lm the digestive system ThlS nncroblal fermentatlon* - products mcludmg meat, mllk, hldes and fiber; and*

. progess, referred to as enteric fermentatlon produces - draft power are included.? Although inethane emis- -

o .‘ methane as'a by-product, whlch is exhaled or eructated - sions from non-rummants are significantly less than ~
L..." - by the animal. The amount of methane produced and - those for ruminants, both animal types are mcluded m *'

. excreted by an md1v1dual anirnal i is dependent prima- ": order to produce a comp]ete mventory )
' nly upon the animal’s digestive system andthe ~° @ o

amount and type of feed it consumies. US. EPA (19933) contains estlmates of methane '

_ emissions from domestic hvestock in the U.S. for the _ -
- Among animal types the rurmnant ammals (ie, : year1990. To denve these est1mates U.S. EPA i
o cattle, buffalo sheep, goats, and camels) are, the, maJor f developed ermssnon factors for representatlve ammal

S

: 'enutters of methane because of their umque d1gest1ve - typesand then multnphed the emission factors by "
; system Ruminants possess a rumen, or large “fore- = apphcable animal populatxons The resultant emtsswns‘__, '
’ stomach " in whwh rmcrobral fermentatron breaks ’ by animal type were then summed over all ammal ST

_ X Wﬂd ammals also pmduce methane emlssmns‘ The pnnclpal wrld ammals that contnbute to U S ermssmns are wﬂd'
L ' ruminant animals such as antelope, canbou, deer, elk, and moose. Termites have also beén identified as a potentlally .
- "\ unportam source of methane enussnons and are generally exammed separately from other wﬂd ammals Thes sources are

s R e e e g e

.- = G o e e ._—_-——-—n P,




éhnssron estlmates for 1690 presented here V\}ere tal(en

dlreetly from u.s: EPA’ (19933}, emlssmn estlmates for
' 1991 1992 and 1993 were denved usmg the ermssmn '

of Agnculture (USDA) Natlonal‘Agncuimral Statlstlcs :
: Servrce and the USDA Economlc Research Serv:ce

The pnnc:pal uncertai 'ty\ !
“-A,J T, ke

emlssmns fr0m ‘hvestock dlgestnon

t)‘(p_lcally\. foundun the,

«m\m s 1
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- of cattle populations across the U.S. (se¢ Table IV-2).
The North Central and South Central states each

-~ cattle, pnmarlly due to the large beef cattle populanons
2. - managed in those states. . The North Central, West, and
North Atlantic-states, which support large dairy herds,’

each account for roughly 43, 20, and 18 percent of
- 'ermssrons from dairy cattle. The North Central states
» a account for apprommately 40 percent of total methane
' ermssmns from all cattle :

<

-+ There are a vanety of factors that make the. 1990

*cattle is largely a reflection of the uneven distribution

~_ the rumen digestion model are broad representanons of
-account for roughly 35 percent of emissions from beef -

.j an overall uncertainty of about 20 percent in the

'e\rms.srons estimate uncertain. First, animal population

Table IV-1. Methane Emissions from US Cattlé m 1990, liy‘.A-llill.la-lii‘YP.e‘ .

and productlon statlstlcs parucula:ly for range fed LI
cattle, are uncertain,” Second the diets analyzed 1 using™

the types of feed consumed within each region, so the . -
full drversrty of feedlng strategres is not represented
“And last, the rumen drgestron model is itself unccrtal
since it was validated using uncertain expenmental :
data. Together, these sources of uncertainty resultin ~ .*57

~’emission estlmate (US.EPA, 1993a).: Applying 1 thrs
uncertamty range to the national emission estimate _' S
- results in low and hlgh estimates of 4.40 and 6. 65 -
million metnc tonnes CH (26 to 40 MMTCE)

« - Emissions

Animal Type ... .| Emission Factor | ** Population | -
Do st S| (keg/headlyn ) (107 head) - (10° metrlctonnes)
Darry Cattle . _ ; A
Replacements 0- 12 months‘l . A 19 6 | : 4 205
| Replacements 12 24 monthsa 7 .‘:58 8 B | 4 205
Mature Cows N ll\4._6 N T 130
Subtotal 804 ‘ L :;'i 18,540;. e
Beef Caitle _ B B ) i o
_ ReplacementsOlZ rnonths‘ "22.3‘:‘ g }
\ Replacements 12-24 monthsa E 650 ‘ '
|7 Matire Cows - '.. b e
al Weanlmg System Steers/Helfers" : 23 U .
K jl‘f " Yearlmg System Steersﬂ-lelfersc B 473 o0 04
| Bulls : s 100.0
| subtotal 475
" Total Cattle e < . 03938

a A portion of the- oﬁ'sprmg are retained to replace mature cows that die or are removed from the herd o giieh

e : (culled) each year. Those that are retained are called. “replacements »oo 3
L b weanhng systems,” calves are moved directly from weaning to confined feedmg programs ThlS system:
T represents a very fast movement of cattle through to marketmg Weanhng systern cattle are marketed at about
o C 420 days of age (14 months). -

: . ¢ *Yearling systems” represent a relatively slow movement of catt]e through to marketmg These systems mclude S

a wintering over, followed by a summer of grazmg on pasture Yearlmg system cattle are marketed at 565 days
,ofage(lSSmonths) R

R e




Total Regmnal-Emlssmns
(10‘ mettic tonnes) _
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Methane emlssnons ﬁ'om other domestlc ammals

'2;' "Ma‘i.;né E}nissiiiif;_s: from Other © - B. METHANE EMISSIONS FROM B

e, sheep, goats plgS, and horses) were estimated. by.: L.
" U.S. EPA (1993a) usiiig ennssmn factors from Crutzen " -

representative of typical animal sizes, feed intakes, and

. feed characteristics in developed countries. ‘The ..

« " iethodology and emission factors employed in U. S

. EPA (1993a) are the same as those recomrnended by :
- the IPCC (IPCCIOECD 1994) '»:g:m % AN

E
;
i

_ In 1990 total methane emissions ﬁ'om other .
% animals are estimated to be 275 thousand metric tonnes N
- CH, (1.7 MMTCE) (Tab]e IV-4). The uncertainty in _

et al, (1986) and population data from FAO (1991)and . }.. . ';j"‘_ 1_'
USDA (1994b, 1994¢).° These emission factorsare: . o oo

. ,Agﬂculh.rralwm S
"4~ Buming (1%)

‘..,‘.,_-_....__,.

tlus estimate is probably greater than that for the cattle - -

performed. However, since cattle account for over 95 .
. percent of the emissions from all domest:c livestock, ~
“the uncertamty in the cattle estimates drive the overall
: uncertalnty for all hvestock  Therefore, the same '
5 - uncertainty range ‘that was applled to cattle (20 per

< SOUrCe; The emission factors popuiatlons and total

Table IV-4 Methane Emlssmns from Other Ammals

" emissions estimate because a less detailed analyms was S

materml in. tke manure produces metlume. The way

- cent) has been applied to other animals (U.S. EPA, - * -in which manure is managed is the most unpammt A
1993a). This results in low and high estimates of 200 f“c"” affecting the amount of methane produced,

and 350 thousand metric tonnes CH (1 2 to T smce certain types of storage and treatment syste}ns
‘ e pmmote an axygen—ﬁee enwronment. In particular;

R KR R e ltqmd systems, e.g., lagoans, ponds, tanks, or pits,.
Co] Enterlc fermentatlon emlssmns ﬁ'om other e tend to produce a s;g'"f' Tcant quantny of mﬂlane‘
?.l_’llIﬂE.lS changed llttle from 1990 tO 1993 ThlS is a . %en manure is hand[ed as a sohd or when l‘ lS
reflection’of very slight fluctuations in other animal depos:ted o pastures and rangelands, it tends to
* populations and the small magnitude of the emission - .- decompose aerobically and produce litile or no’
meﬂume. ngher temperatures and_ mo:st cltmattc

Ammal . E;‘:f;‘r’n PO Poputation(w’head) . " Ennissiofis (10° mefric fonﬂés)' * AR

b | kgheadiyr) | 1990 - 1991 1992 1993 | 1990 1991 1992 (1993
Sheep | 8, | 11"364 1,000 - 10,750 10,013 |'% 009 -_‘0._09'-’----!00'9' 0.8

] (Goals |6 5,0 1,900 1,900 1,900 © 1,900 ;‘:A:.001;;';1.""?,':_‘0.61 001 ;

C R | s 53,852 54477 57684 58116 008 008 009 009 |

- 22¥ ) Horses | “"—1:?'3 el sars sas 5,215: Y3015 "'i‘\‘éf"o'.'oé'_ﬁ"fff‘O.Idﬁ;f‘" 009" 009"

; CTotal o[l Tl dae o e e e L6027 0277 102801027 &

LS Populatlon data for goats and h"
£ were assumed to be constant V2

R I ot

,-Sources. Emlssmn factors from Crutzen et al (1986) Populatnons ﬁ'om FAO (1 991) and USDA (l994b 19943) R




_are eénmated to ha&e been apprbktmate{y 10 to 22 aﬁ'ect the ainount of methane produ d smce they

. . S Tas

MMTCE.:_ Thzs represem‘s about 8 percent of t total : y mﬂuence the growth of. the bactena reSponmble for

S

Methane])roductrdn generally

L

: D b L, T ‘-The'com osmon f the: manure also’ aﬁ'ccts the.
slble for about 49 percentof total em:ssm?fs. D o S e i -*0 th S L ey

EREY

cattle maniire ac ounts for about 32 percent of the :
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v methane that potentlally cou.ld be produeed by the
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numemus factqrs ' ncludmg changes in tatal ammal

P

ns,.manure producucn rates, dtstnbutm of

b e
e i 5

' .Range cattle feedm‘g‘ .on'a !ow energy forage'dlet "
) degradable manure w1th only half the
,Acapaclty of feedlot cattle manure_

\ ot e 5 ; iy s g R ; ! 1 NS \-- ey
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productlon ‘will only occur under anaeroblc CODdltIOIlS .\,draﬁ P ower are 1nc]uded‘

: Therefore _when manure is stored or_ 1reated in systems '
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£ 3 developed by Saﬂey et aI "1992a), and is consmten
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" .. Annual methane emis- . -
.+~ sions for each animal.
i type:and manure )
S "management system _; m _

L e ‘_ each state k o

{-ﬁ

ammal mass for animal 1 x> the methane producmg capacrtyqu of
the manure of ammal P the methane conversnon faetor“ of thek

S -~

) Estimate total annual methane emissions for ammal iby summmg annua] emlssmns over all apphcable o o
s manure management systems j and states k : e -

(3) Estrmate total annual methane ennssrons from aIl ammals Y summmg over a ammal types i

e

The data used to derive the estimate of emissions ‘ calculauons In partrcular the methane conversion®”

» . from animal manure (i.€,, animal populatlons sizes, ¢ " factors (MCFs) are based on dry manure, and therefore .
" and volatile solids productnon maximum methane e 'they may | be. underestunates for. dry open air systems
producing capacities; methane conversion factors; and - (L.e.; pasture, range, drylots solid storage, and pad-

manure system usages) are presented in Annex €. f .docks)in regions of the U.S. with s1gruﬁcant rainfall.

~These data were obtained from the U.S. Census of : -Also, the methane-producmg potennal of ltqund/slurry_'-- :

Agnculture, the U.S. Department ‘of Agrlculture e . and pit storage ‘manure. systems may be greater than ; '
Lo hvestock manure management experts throughout the . assumed in this analysm To account for these uncer- ;
' "US., and the scientific literature. Specific sources for s tainties, U S.EPA developed low and hlgh en’uss:on

[ ~“' ™, the data are also noted in Annex C. Some of the = estimates by varymg the-MCFs for different manure
o ammal populatlons used by U.S. EPA in these calcula— . management systems (A discussion of the denvatlon
lOI]S are estimates as of 1987, since this was the last - - of the low and high estlmates is prowded in Annex C ) :
A _'year fof which detauled data could be obtaitied.” Thére-.. ~ The’ resultant fange in émissions’is’ 1.7 to 3.6 million™ T
. fore, the 1990 emlssrons estimate is based on changes . metnc tonnes CH (10 to 22 MMTCE) (see Table IV-S) T

in animal producnon and PopY ulanon between.1987 and- Emrssron estunates for 1991 1 ‘92 and 1993

O ‘\1990 for several ammal types - Were derlved using the methodology descnbed above "
g - Based on these data, totai 1990 methane emis- ™7 .and state ‘populations from the Natronal Agncultural oL
S . sions from manure management are estimated to be 2, 3. StatlStICS Servrce of the USDA. However severah L
¢ rFe-million metnc tonnes CH; (141 MMTCE )i L1qu1d- 8 :A ““““ :
e " based fhanure systems account for over 80 percent of ! o they were used to esnmate 1991 1993 methane emls-
¢ the total emissions (Table IV-5). Of the animal manuré . * sions, mcludmg - Coe s T Ty SR f‘ o
s types included in the analysis; swine manure is the ‘
~ " highest emitter, responsible for about 50 percent of
=7 ‘total emissions. Dairy cattlé manure accounts for
about 30 percent of the U.S. total -

P

wte g change in the dlst:nbutlon of waste systems
" ... utilized for a limited number of statés (based
on interviews with persons familiar with:,
. " manure management practtces in their respec- )
Uncertamnes in these pomt estimates result ﬁorn e ' t1ve states) and : :
L L_assumptlons concernmg several factors used in the 'A N '

AR

§ Volatlle solids (VS) are defined as the organic fractron of the total solids in manure that will ox1dme and be dnven oﬂ'
. asa gas at a temperature of 600°C. Total sohds are deﬁned as the matenal that remams aﬂer evaportlon of water at av '
. termperature between 103° and 105°C \ L - : :

‘ . can be produced per krlogram of volatile sohds and varies by arumal type and diet. . ":.‘. - L -' l:' N

o~

L8 . The methane conversmn factor is the extent to whn:h the maxnnum methane producmg potentlal is reahzed for a glven :

“.'—‘-‘-' . ) i




_ eflect S lncgegsed the dlstnbutlon of waste systems utll_lzed in®
mg féed mtake of dalry cows o R some states, shrﬁed away from the hlgher methane-
~I‘Erms;’sm’ 5 ey Pt etk Ancer W
o ‘9 T have 0pp051te effects Ol methane emlssmns, the |
it . 3 e .,;,s

1 from manure managemen decreased
-to 2: 13 m]lhon metnc tormes--

v mbiy ¥ 4

Methane ennss:ons mcreased o 2 18'mﬂllon

,,ammal types) and cannot be attnbﬁted to a smgle-; f v melnc tonnes (13 5 MMTCE) m 1993

b \.t\‘m

Pomt Estlmate'

5 :, u«.” .

Total Sohd Systems"

\\\




'

L e e P
. ¥ -

[T T

T s T a e ke accountmg for about 25 percent of the nattonal total.

*. % the U.S., is grown on flooded fields. When fields are  through anaerobic decomposition of soil organic matter
- ﬂoode‘d,anaerooic conditions in the soils develop, = - by rnethanogemc bacteria. However, not all of the .~ =
" and methane is produced through anaerobic decom- - " methane that is produced is released intd the atmo-

from tlus source are estzmated to have been approxt- .

' Table IV-6: Methane Emissions from Manure Management: 19911993 .~

. 1991 ' oo 1992 ol Lt LT 1993 L

"‘zt:':’::;;’" cromin| g fan, | Mgl -(,E:;';z'z'::u,.
T lpairy | 1476 0 Tom | 14004 - D070 ) 140625071
Beet | 89746 T Toas | 90857  _.o0l9. | ;g.1,929m.. 0.19
Swine' | 54477 100 | 57684 S itpos . .?_;|;{Z"§3,)79s-‘ :
omer | o2 | o2 | s .
) S243 e e L w208 - '

¢

due primarily to changes in animal populations, most mately 0. 65 to 4 5 MM TCE Tlus represents less than .
notably in New Mexico and California, both of which - 1 percent of total U.Ss. methane emissions JSrom all L
rely on hqmd -based management systems. These < . sources, and about 4 percent of U. S. methane erms
results aré summanzed in Table IV 6. RREEEY A AR ‘sions from agrtcultural sources.‘ Seven states gro
C METHANE EMISSI ONS FROM RI CE ' ' ;1;8' Arkansas, Caltforma, Flortda, Loutsmna, -
CULTIV ATI ON = - ] —— tss:ss:ppt, Missouri, and Texas. Enusstons frorn
T Arkansas account for about 35 percant of the total
S e prnnar:ly because it has the largest rice area har-
-vested. Loutsmna, whzch has a Ionger growmg
season, has the second htghest Ievel of emtsszons,

Mbthane Erisslons from Agriculturs by Source: 1990 - *

' vanweManagement - | ¢ E'mrss:on esamates tncreased by about 5.k
%) - . S | percent between 1 990 and 1 991 stayed ﬂat between
Ao e D E 1991 and 1992; and mcreased by 2 percent between
) 1992 and 1993, Thisisa reflection of the relattve{y

e Iarge areas harvested for miost states in 1 992. How- N

Rica Cquntion _(5%_) _ever, the areas harvested ﬂuctuated mcons:stent!y

o e TN

Entenc Fermeniation
. (es%)y

e

e S S o i e S vtk e

o g " from year to year, so the four years of emzsston
A SRR | esttmates o'o not suggest ameamngful tremt.l.

a
R

Most of the world’s rice is growu on ﬂooded -
fields. When fields are flooded, aerobic decomposmon
of orgamc material gradually depletes the oxygen

L e o . .« present in the soils and floodwater, and anaerobic -
*+." Most of the world’s rice, and all of the rice in.  conditions in the soils develop.” Methane is produced

- position of soil organic matter. Methane is released sphere As much as 60 to 90 percent of the produced
.. primarily through the rice plants, which actas '} . ‘methane is oxidized by aerobic methanotrophlc bacte-
conduits from the sotl to the atmosphere. L ~ . rain the sorls (Holzapfel-Pschorn et al., 1985; Sass et
7 al, 1990): Some of the methane is also Jeached away'
. as dissolved methane in floodwater that percolates -,

“from the ﬁeld The remaining non-oxidized methane is
transported from the submerged soxl to the attnosphere

" Rice culttvatwn isa very small source of -
methane in the U S In 1990, methane emtss:ons

T y




pnmanly by diffusive transport tbrough the rice plants
Some methane also escapes from the soxl v1a diffusion

.‘.,‘A_ S

Daily metha.ne emission factors ‘were taken ﬁ'om‘ o

- from’ regrowth on the stubble aﬁer the-ﬂrst crop has

g
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© cultivar type, a range for the flooding season length ™
. .: -was adopted for each state.. The harvested areas and |
= flooding season !engths for'each state are presented m
o Table IV-T'r Arkansas and Louisiana have the largest -

number of days that the rice fields remain pennanently . ‘_

flooded varies considerably with planting system and

harvested areas, approxnnately 40 and 20 percent of -

- the U.S. total, respectively. California, Louisiana, and
'. Flonda have the longest flooding season lengths 138
- 105, and 105 days, respectlvely S

" Total methane emissions for the US.in 199 are -

. estimated to have been 109-749-thousand metric tonhes
. of CH, (0.65 to 4.5 MMTCE) in 1990 (Table Iv- -8). -
el Emlssmns from Arkansas account for over. 35 percent‘

of this total, pmmanly because it has the largest rice-
area harvested. Louisiana, because of its relatively .
large rice area and long growing season, has the second

o hlghest level of emissions, accountlng forabout 25 - -
‘ percent of the nataonal total e

”4_' g

' 51stent1y from year 10 year so the three years of s
' emission estrmates do not suggest a meamngful trend )

- Using the same methodology described above, -
methane emissions from rice cultivation were esti~

: * mated to be 114-784 thousand metric tonnes (0.68-4.7. ..
' MMTCE) in 1991, 114-783 thousand metric tonnes _‘

(0.68-4.7 MMTCE) in 1992, and 116- 799. thousand :-

" metric tonnes (0.70-4.8 MMTCE) in 1993 (s¢é Table :

IV-8). To be consistent with the draft [PCC/OECD.
guldelmes three-year averages of areas harvested were

' used for each emission estimate (the 1993-emission-

” estimate, ‘however, was based on 4 two-year average). -

" The small increase in total enissions in 1991 and 1992 -

_compared to 1990 (about 5 percent) is a reflection of .
the relanvely large areas harvested for most states in o
. 1992. However, the areas harvested ﬂuctuated mcon-

e rs_ta.te R R Har!:emd. o e |
| 1989 [" 1990 .| 1991 | 1992 ‘[. 1993 | ‘low |- “high
| Arkansas | 4'6‘1,:3‘5.‘2‘1_ 485,633 | 509915 | 558478 | dgizia | 7s |00
27! California” |- 165,925 | 159,854 |7.141,643 | 159,450 "176,851 (< 123" | -F153 < "
CoFlendat Ll T [ [
it “pn'ﬁ;a}y“' 1. *'_“'_5‘;5};3'.55 Tae78 | TTEss0" “f"‘_;‘-’s,éz}ﬁ‘” 3, 903“ . 90“w =
e ratoon 2,792 2,489 4,290 4,472 4452
“‘Louisiana®’ co SRR e U R
primary | 196277 | 220,558 | 206,394 250 911, 214, 488- 90 | 120
o ratoon” | 58,883 | “eeres |- 62040 | ssasa |- asasa | |
" Mississippi: | " 95,103 9‘ £101,174 | 89,033 | 111,201 1| *. 99,150 |+ 75 .
Missowi = [ 31,971 [-32376 -_;_37,23,2' 45326 |+ 37,637 | .80
Texas' Ve L W AR Rl IR ) [NURLII B I .
anary‘ - J%:G,;}Si-‘ 142 2857 | 138 810 {142, 048 " 120/599"| 760 | 80"
" fawoon | s471s | 57,143 | 56700 | sesie | ag2e0 | vt [ oo
. Total 71,209,389 | 1,273,248 | 1,255,536 | 1.393.321} 1,254,577 } - :

than the one hsted in the table

5 ‘These states have a second or “ratoon croppmg cycle wh1ch ruay have a shorter ﬂoodmg season "




’ére based‘on two-'Year aVerages for harvested Jarea }(
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enussmns rom fertthzer use are mcluded he
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e ts the most szgm_f' cant source of

TR

*mult: manent_ and mtragen) and_ orgamc femlxzqr h ;1:::-
b were about 13 5 MMTCE Thzs represents apprax:- . i

and about 97 percent of mtrous oxtde emzs-'

o e S

\ betwcen 1990 and I 993 emls:s'mns mcreased,_by about

s 'y e T ot

. Other. agncu!tural sad management pracnces such t as 5

T8 My

thro gh tl_1 rmcro'blals processes of demInf catlon andl-u
mtnﬁcatlon 0 anthr :




' add mtrogen to soﬂs, thereby mcreasmg the amount of .

nitrogen available for nitrification and denitrification,
and ultimately the amount of N,O emitted. These .-
~ -activities include application of fertlhzers acid deposr-
».<'tion, and cultlvatlon of mtrogen-ﬁxmg crops ThlS
sectton dlscusses emtssrons of N, O due to the use of 3
fertilizers. Synthetic nitrogen ferttlrzers synthetlc '
multi-nutrient fertilizers, and orgamc fertilizers are-
: included in the eniission estimates. Emissions due to i,
o atmospherlc deposition arid mtrogen—fixmg crops are’
.- - not included for two reasons: these emission sources -
... are highly uncertam, and actlvrty data are not readrly
R avallable B . :

_ : Research has shown that a number of factors :
';'-‘f_ - affect nitrification and denitrification rates in smls,r B

supply, temperature an important factor. in mtcroblal

for microbial activity; and soil pH. These condltlons ".'
vary greatly by soil type, crop type, management
. . regime, and fertilizer application. Moreover, the -
" f“ interaction of these conditions and their combmed
» effect on the- processes leadmg to mtrous oxrde en‘us- e
~sions at are not fully understood ey B!

—m ...ML -

“

S Smentlﬁc knowledge regardlng mtrous oxrde o
productron and emissions from fertilized soils is :
"7 limited. S1g;mﬁcant uncertamtles exrst regardmg the -
. -agricultural practlces s01l properties, climatic conch-
* tions, and btogemc processes that determme how much

. “Qremams in soﬂs after fertlllzer apphcatlon, and.in what ;.
' ways the remaining mtrogen elther evolves into mtrous

_oxide or into gaseous mtrogen and other mtrogen
IR S compounds :

-emissions from this source has been the relative lack of
emrssrons measurement data across a suitably wide

factors for dtfferent fertthzer and crop types for the: .

A PR
\

mtntles and further oxndlze mtntes to nitrates. .

-+ ..\ including: water content, which regulates oxygen -

S activity; nitrogen concentration, in particular nitrate
and ammonium concentration; available organic carbon o

s i orgamc fertthzer measured-in mass- units of mtrogen) s i: 5
~iWas multlplled by this emission coefficient. Fertrhzer

T ", fertilizer nitrogen Various crops absorb ‘how much D

vanety of controlled conditions, rnakmg it drfﬁcu]t to‘ o
- develop statrstlcally valid estimates of emrssron factors, - i
- Previous attempts have been made to develop emission .

s B T Demtnﬁcatxon is the process by whlch nitrates or mtntes are reduced by bactena and WhICh rcsults in the escape Of
mtrogen into the air. Nitrification is the process by which bactena and other m:croorgamsms OXIdlze ammomum salts t° o

purposes of' developmg nauonal emrssrons mventones.

However, the accuracy of these emissioni factors has -
“been questloned -For example whxle some studies - ©
indicate that N,O emission rates are htgher for 2 ammo-

{..Euum-based fertth_zers than for mtrate other studies.:

- show no partncular trend in N O emissions reldted to
" fertilizer types (see Eichner (1990) and Bouwman™ " -
(1990) for reviews of the literature).. Therefore, itis . . ... .-
possrble that fertilizer type is not the most 1mportant
factor in detennmmg etfii$sions.” One study suggests
that N,O emissions from the nitrification of fertilizers

] " may be mare closely relate_d to soil propertles than o, .
. the type of fertlllzer .applied (Byrnes er al.) 1990)
Untll a suﬁicxent number of stidies are conducted to ¢
develop statlsncally valid emission factors, the. IPCC
recommends that countnes assume that 1. percent of the‘ -'
mu'ogen apphed as femhzer is released 1nto the A

' atmosphere (IPCC/OECD 1994)

‘ Nlt[‘OUS oxrde ermsszons from fertllrzer use m -
1990 were. estlmated usmg this draft IPCC’ methodol- .
ogy, ‘although w1th a shghtly hlgher emission coefﬁ- “

. cient. The CI‘D]SS!OII coefficient used 117 percent)

"‘:"‘ was based on research done by the U.S. Department of e

. .Agnculture (CAST 1992) ‘The amount of fernhzer
consumed (synthetlc mtrogen, multtple—nutnent, and

data for the U. S ‘were obtained from the. Tennessee b @

Valley Authonty s Natlonal Femhzer and Envu'onmen-

tal Research Center (TVA 1993) 1. Because agncul-
tural acttvmes fluctuate from year to, year due to-

- econormc chmattc and other varlables, the IPCC
- recornmends that an average of three years of fertilizer -

. consumption (centered on 1990) should be used. Total

1990 N,0 ermssnons from fertllrzer usé are estimated to

. LFCTNE be 183 thousand metnc tonnes N O (13 5 MMTCE)
A maJor dlfﬁculty in estrmatmg the magmtude of '

(see Table IV~9)

Fertlllzer Consu.m tion (tonnes
N) x 0.0117 x 4/28

9 966 thousand metnc tonnes N
"x:0.0117 - x, 44/28 -

NZO Emrssrons

. 183 thousand rnetnc tonnes
ST NG e

l

o " L R v

i Fertilizer consumption data may be underesttmates since they do not mclude orgamc femlrzers that do not enter the Vi




, Consu;nptmn2

e i

nllzers and" orgamc femhzers

TN wm e

 Since’ 1994 data are not avallable the: 1993-centered average is the. average ‘of, 1992 and’ 1993 consumpnon ok
Basedl on an. ermssxon coefﬁclent of L 17 percent =y , ; : -

5190, thousand metnc t6fxiie's (14 0

' mtraus ox:de.(0‘4 MMTCE), and
'tonnes of mtrogen )

rw.\nn.,

'tlon may be undere§t1maté smée the statistic

g

: requn'ed to constrain these tinicertainties




Emissions iricreased.ori average by about 10. .

- percent between 1991 and 1992, and then increased.-
by about 3 percent between 1992 and 1993. These - .
Ve fluctuations reflect average ann ual ﬂucruatzons in:
e crop ‘production. e - e

Large quantltres of agncultural crop wastes are

ways to dispose of these wastes.” For example, agricul-
. .-tural residues can be plowed back into the field, .~
L ,-* composted, landfilled, or burned in the field. Altema-
. tively, they can be collected and used as a biomass fuel

“or sold in supplemental feed markets. This section .~ -

addresses field burmng of agncultural crop wastes.

i
f ' " source of CO, because the carbon released to the
y oo atmosphere dunng bumning is reabsorbed during the .-
; N -_:;- " .next growxng season. Crop residue burning is; how- .-:
.= " ever, a net source of CH,, CO, N,0, and NO,, wl'nch
"‘ " are released during combustlon In addition, field

- burning may result in enhanced emissions of N O and
' NO. many days aﬁer burmng (Anderson et al., 1988
RO Levine éf al., 1988), although this process is hrghly

Yo uncertam and will not be accounted for in this sectlon

; . The methodology for est:matmg greenhouse gas
_ermssmns from field burning of agncultural wastes i§ -
based on the amount of carbon burned, emission Tatios™
of CH, and CO o CO measured in the smoke of -«
‘,blomass fires, d ermssmn ratlos of N,O and NO to.
..the nitrogen content of the fuel. The methodology is

QECD,- 1_994):,:“ :

“‘carbon and mtrogen released durmg burmng v

R Carbon Re]eased Annual Crop Producuon x"

Ve e -+ Residue/Crop Product Ratio X,
L - 'Fraction of Residues Burned ir
Lo .. " situ x Dry Matter Contentof -~

""" percent between 1990 and 1991, decreased by about 3

{
{
|
| ‘ f‘produced from farming systems.- There are a variety of <
|
§
:
1

. ‘resrdues burned in situ, or in the field, are not’ readtly -
' avallable Therefore, the default value recommended, -
Freld burning of crop wastes is not thought to be a net e
* used. However, this default value, based on Crutzen’

' '.U S because open burnmg is banned in many states.

.multlplymg the amount of mtrogen released by the

~ingof agrlcultural wastes was, estlmated to release
o approxrmately 80 thousand metric tonnes CH 05 -

"';"account for about 75 percent of the carbon released’ and
‘ 1"50 percent of the mtrogen re]eased

‘ "-""'traee' gas emissions for'1991,'1992, and 1993 were -

. the Residus' x Burning Efficiency .. -
#*x. Carbon Content of the Residue
“-. % Combustion Efficiency ™* .. ..

reflect-average changes in productlon three-year v

Nttrogen Released Annual Crop Productlon x

- “Residue/Crop Product Ratio : X
Fraction of Residues Bumed in- . ..
* - situ x Dry Matter Content of ., -
the Resrdue X Burmng Effi- :
_crency % N1trogen Content
2 the Residue. % Combustlon *
o Efficteney ST

R -, :v—.-‘

Ty :‘ATo avoxd unrepresentatlve results based upon, .
. fluctuations in economic or climatic conditions,a
three-year average (centered on 1990) for crop produc- o
tion (U SDA -1991; USDA, 1993) was used to estlmate
" 1990 emissions.’ Estamates of the, amounts of crop ©

by the IPCC for developed countries, 10 percent, was -

and Andreae (1990), may be an overestimate for the -

2 Emlssrons of earbon as CH, and CO are calcu-

lated by miltiplying the amount of carbon released by . |

the appropriate emission’ rano (i.e., CH/C or CO/C)
", Similarly, N, O and NO emissions are calculated by

. appropriate emission ratlo (i.e., N,O/N or NO/N). The

spec1ﬁc values used in this mventory and the results
_aré prcsented in Tables IV-IO and IV-11. Faeld burn

MMTCE), 2,760 thousand metric fonnes CO, 5 thou=":

: -+ sand metric tonnes N,O (0.4 MMTCE), and 115~ -0, -
‘the same as the draft methodology of the IPCC (IPCC/ . )

thousand metric tonnes NO, in 1990: Cereal crops

LIRS

— -o-a-m-:-..... SV P

: Usrng the same methodology descnbed above

estimated using production data from the USDA . s
(1994c). The data and results are contained in Tables T

lV 10 and IV-11. Emissions 1ncreased by 7to 12. -4, e
© percent from 1990 to 1991, decreased by about 3 '
. percent between 1991 and 1992; and then increased by

2t04 percent from 1992 to 1993. -These ﬂuctuattons s

productlon averages for most crops increased ﬁ'om

© . 1990 to 1991 and then declmed between 1991 and
R 1:1992

i T R

Bummg Efﬁerency is deﬁned as the fractton of dry b:omass exposed to bummg that actually bums Combustlon

St Eﬁiclency is defiried as the fraction of carbon in the fire.that is oxidized completely to CO," In the draft methodology "

. recommiended by the IPCC, the “burning efficiency” is assumed to be contained in the “fraction of residues bumned” factor
However, the number used here to estimate the “fraction of residues burned” does$ not account for the fractlon of exposed b

':ﬂ_-‘_‘resldue that does not b Therefore 2 “burmng eﬂ’icnency factor” is added calculatlons '




.,\-.-..-ﬂ., b L

Table IV-10 Key 'Assumptlons for Esnmatmg Emlsswns fromCrop Waste Burmng

o

Frac_tlon Fractlon
Carbon',

L 'I'he USDA prov:ded ammoke pmductmn for Califorma only Total amchoke productlon was estlmated by,

kS I

3 assummg . that Cahfomxa accountad for 90% of the entlre market

R

Source , _
contents ‘and carbon contents ‘were taken from Strehler and Sturzie (1987) and Umvers:ty of Cahfonua (1977)

Ay,

Nntrogen contems weére also taken from Strehler and Smtzle (1‘987} except where md:cated by an aisten k
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:ﬁz‘iﬁi‘{—l: Carbo J Equlva!ant)

aoby

‘1995‘2 are esnmated to l_mvé declmed sI ghtly, fo, 11 8 :

[ A

= 1\\ \

humans use and aI{e:: mé bmsphere rhrough Iami-us‘

change and fbrest management acavmm, sucl_: as

A v b AL

dechmng by Tpprommately 5 mllhon acres betwee‘

s A s

1977 and 1987 (USDA Forest Servxce" :

‘ ‘tropzcal forests for agncultural‘iiSeff . : I
st of the _forest land area, or on average, about _0 I percen

Iper year ; _Otl_ler major land uses in the_: U. S 1n'¢lude,

Nomﬁé}hane hydrocarbons‘ (lﬁ{MHCs) are a, subéet volatlle Organic compout

|. L "“i‘i .




P

3 carbon storage pool, 1nclud1ng

-vvhJch point they are relatively constant carbon stores.

: wood ‘products, removals may not always result in an
. mtmedlate flux of carbon to the atmosphere Harvest-

: and mortahty) and anthropogemc activities (e.g!, " - .-

" “nents, as'well as between the forest ecosystem and the . - Servnce  (USFS).- These resource data mclude esumates

the forest ﬂoor decay processes wrll release carbon toi

. amount of carbon stored in each of these pools (1 e,

‘ing in effect transfers carbon ﬁ'om one of the. “forest

stored in the blomass“ and soﬂs of forest ecosystems

increase both the rate of growth and the eventual carbon is emitted over time as CO, through etther
‘biomass density of the forest, thereby increasing the combust:on or decay,‘ although the exact rate of -
uptake of carbon. The reversion of cropland to forest . ~emission varies consulerably between different product
land through natural rcgeneratlon wdl over decades, ™ pools and may m fact result i in eﬁ'ectwe long-term :
‘ result in incréased storage in biomass and so:ls (ie,in 51_ carbon storage.” For examiple, 'if fimber is harvested
_ general, forests contain more biomass and soil carbon _ and subsequently used as lumber in a house, it may be
than cropland) o .' - _ = many decades or even centuries before the lumber is .
: T . -_allowed to decay. and carbon is released to the atmo
‘ Forests are complex ecosystems w1th several
C sphere If timber is harvested for energy use, ‘subse

mterrelated components each of which acts asa o quent combustion results i iri an irme diate release o f

S carbon Paper production’ may result in ermssmns over—
+ trees (i.e., living trees, standing dead trees ‘ years or decades * e : W
_r roots, stems branches, and fohage) : '

_soily’ 1991 and 1992 presented in this mventory are based
" the fm—est ﬂoor Ge., woody debns and tree " onatotal accounhng of biomass carbon stored in all
- livter); and . Torest ecosystems and the tracking of  changes in the
; - total blomass carbon stored on forest lands The
trackmg of soil carbon as well’ as carbon in product
pools ‘have not been mcluded at thlS time due to
As a result of brologlcai processes (e g, growth methodologreal uncertamttes and madequate data. The
S Iforest carbon in trees, understory vegetatlon, and the
harvestmg, thmmng, and other’ removals), carbon is - _Jforest floor is tracked by ut111zmg dynarmc forest
contmuously cycled through these ecosystem i compo- - fesource survey data collected by the’ Us. Forest

understory vegetanon (I e shrubs and‘
bushes) S

atmosphere ‘For example the g growth of trees results o of tlmber volume by species, size Class, and other’
in, the uptake of carbon from:the atmOSphere and categones, which are combined with mformatnon from..
storage in hvrng trees.” As these trees age, they con- ' - the research literature to denve estlmates of the total E
: timie to accumulate carbon until they reach matunty, at " carbon stored in forest btomass :

"‘Q. " The net | is the dlﬁ'erence 1n total carbon
- ‘-storage between two years for wlnch forest survey data

are, avallable (and therefore for Which carbon mven (3]

" the. atmosphere and also increase soil carbon. The net . - "y
change in forest carbon is the change in the total net ries can be derived) divided by the number of years

' As trees die and othervwse deposn l1tter and debns on

> the difference is a net emission to the atmosphere if ;
C carbon storage increases, then the dlfference is a'net .
“The net change in forest carbon however, is not sequestrahon of carbon on land Rkt

each ecosystem component) over tlme

likely to be equivalent to the net flux between forests - ' l e

and the atmosphere Because most of the timber that i 1s o 'I;]hi Even:gry methodolodgy datf pltll:dgg%dggz /
* harvested and rernoved from U S, forests isusedin - v somewhat from tha recommended oy the d

"':\ OECD 1994) Instead of dlrectly 1nventory1ng carbon

sy

Blomass isa shorthand term for orgamc matenal ’Ihe a.mount of bromass m 3 grven land area lncludes all:the hvmg
and deéad organic material, both above and below the ground surface RS ; 5

4 Actuaily, if timber undergoes combustion, some small poruon of the carbon as rnuch as 10 percent of the totaI carbon
rcleased will be released as CO and CH, rather than CO,. In addition, if timber products are placed in landfills, about 50
. percent of the carbon that -eventually decomposes is oxrdlzed to CO;.and about 50 percent is released as CH,:: However Ao
eventually both Cco and CH ox1dtze to CO in the atmosphere o

o Tri

For example, intensified management of forests can ~* “pools” to'a’ “product pool.” Once in a product pool; the g

between the surveys. If carbon storage decreases, ‘thei~

tocks and changes m stocks over tune, the draft IPCC B -




methodology uses ‘average annual stausncs on land-use . was.derived by Subtracting the biomass carbon’ storage
- change’and management actmtles and apphes carbon . estlmated for 1992 from that for 1987 ‘and dmdmg by "
densnty and ﬂux data to these actmty estlmates to . ;.'; t 5. Therefore the 1990 ﬂux 15 actually an average T

Yy ;Se of‘ memodology because the ma_}onty ;he
R world’s‘_countnes do not hav the detaﬂed forest "

smnlar flux estlmates. However the U S mventory

R L e T T

carbon. ﬂu;t p}'e nteo "here Were derived ﬁ'o_m Blrdsej :
Heath'_(l 993 and Blrdsey '( 1 994

R

nmber growth, harvest,_land‘m_ortahty Altho‘ gh the_

Vit

"\'nt pracucee All of these Eeste reglons have

R i N

1993)”%?1“3 Budsey (1994) calc ated'tota i states }X},‘“:Fe harVeStmg actmty has

st red blomass carbon m each of the ecosystein In Westero statee & e‘" th Rooky Mouzusin

rnost producnve of these forest lands, gmwmg at'a rate'of 20, chic feet per acre Per ye
90 millior acres of Timberlands which represented 66 pe ercent of hll‘ forest lqnds' ®
lﬁ'ssiﬁéd‘jas Tir'nberl‘a'ﬁd e Umreseive ;forest land that is. producmg or is capable’e




*ne:

. (IO“tonnes Cy..
Forest Floor ‘ :Ur}déljstom:

Note A posmve ﬂux mdlcates uptake a neganve ﬂux mdlcates elmss:ons
.a, Reglons are deﬁned in F:gure V- '




The uptake of carbon due to forest regeneranon
is an ongoing 1 reSult of land-use changes in prevrous
decades The’ rate of cleanng ‘forest land for crop”
‘cultlvatlon and pasture slowed greatly. in the late. l9th‘

ry.an by 920§H£afmt;k5ttt:_
need-for” cropland and pasture su
agncultural producttvxty and the reduced use of draft

‘from Eastern fo 3
m the arly part of thls century carbon ﬂuxes ﬁ'omm

aged growth on pnvate fand ;smce World, War Two,

su]tmg in a near doubhng of forest blomass density :

e

Argrv B

“_-further reseiirch and-

percent of the: total stored forest carbon in'the U S.;
S drﬁ'erenca can have a, large nnpact on ﬂux esumates S

timiber’ growth in the éoutheast‘has dmmushed"
ing atunng forests and tlmber mortahty in the

percent bétween 1986.and 1991

1ty;\and : ‘-rnovatl“s §
: .wrth 1ow growth, and a declme m trmber removals

i exrstmg fore‘sts d

A

nid intensified forest managemen ; Howevér‘

clependent‘emrssrons from the- produet pools)

7 Thrs assrxmptron is consrstent with the methodology

ot Lt

evet, other studles Lﬂ:_lat m \
Us. estlmate a net accumulatlon of carbon i product

stored 1n product poo]s (Tumer et aI 1993) urn_e

v al. estlmate that the net accumu]atmn of carbon ‘m the

emitted to the ‘atmospherew T T
als than the current mventory estunate accounts for
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i

P

_ | "Third, the current in;fentory estimate does not -
mclude forest land in Alaska and Hawaii or reserved
timberland. Inclusion of Alaska and Hawan would

~ significantly i 1ncrease the storage estimates in both- -
.. studies, but is not likely to signifi cantly alter the ﬂux
. estimates because forests in these states are believed to .
‘ ;be in relatlve equlllbnum i.e., neither accumulatmg or’
. emitting significant quantities of carbon. Reserved  ~

timberlands are not managed or harvested, and there-

... fore are not likely to contnbute greatly to total ﬂux s

estlmates

Fmally, forest management actlvmes may also

‘ ‘result in fluxes of other greenhouse and radiatively .

‘ 1mportant gases since dry smls afe an important sink

for CH4, a source of N,O, and both a source and a smk‘
. for CO, and wegetanon is'a source of several NMHCs..
However the effects of foresn'y acnvmes on ﬂuxes of
" thesé' gases are. highly uncertain, and, therefore, are not.
mcluded in the mventory at this time. Similarly, there"
are several land-use changes that are not accounted for ol
"in the mventory due to uncertainties in their effects on’ ;‘: R
- trace gas fluxes as well as poorly quantified land-use - " -
change StatlSthS -These land-use changes mclude loss ‘ :
.and reclamatton of freshwater wetland areas conver-

sion’of grasslands to pasture and cropland: ‘ard COnver:
.sion of managed lands to grasslands and: other T3

umnanaged non forest dryland types. VL




decompoSe and produce\me hane.'T

7 < tion process Js a mztural mechamsm through wluch

mtcro&r}gﬁj isms derive energy for gro wth Methane‘_

BT T ¢ v '«‘.ﬂ\"‘

productmn g;pzcalbf bqgms ne or. i
wasre placement ina !&ndf tl amf may last from 10 ta,

Pt

i
KA

@ e s g —

- : ..a,._ 1S

- generited in, the UsS. ,‘ account for abo £90 to 95,5
Anaeroblc decomposmon of orgam matenals o percent of thé total landf Il emtsswns, while mdusmal
bactena can result m emps:ons of methane, L Tt i e ng 3 t‘ ¥

e PO

Cufrently, methane émxSsmng, : .'wgth I 300 of th Vlarges!_ landf Hs accou

BECH w3

nglé anthropogenic -+
contnbutmg about 37 Spercént o_[ the metha_ne is recavéred for use as a
' Emc.mans of k :

A - ma

mumcxpal and mdustnal- process San
In addmon,‘ ‘the cgiiﬁbustmn of : ]
open burning, i ‘thc presence of oxygen) and is, thenAattackec\l b}_(
hatachamically =i o, ‘ Wwhich Convert organ cmatena]rto 8
' smpler forms like cellitose; ammo acids, Sugars

These s:mple suBstances are funhe ' broken _dovm

ga e

o ‘orgamc matenals aind a blogas cons.lstmg of approx1-_

on d10x1de ar;d 50\_percen
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. Table VI-1. U.S. Methane Emissions from Landfills: 1990 - 1992
| ‘ " ' ' (Thousand Tonnes of CH,) o
o Source - . Number [ i990.° 7.l 1991 ¢ 1993 |
3 Large Municipal Landﬁlls. . .;tsg'_; ©::2,6004200 0 NA. i NAws -
Medlum Municipal Landﬁusj TUUL137, 233006000 FNA L. NAL

L 900-1,500- .= . NA

L1

NA

oS

Small Mumctpal Landfills . 4,744
TR S

Industrial Landfills - - * NA © "600-900 "5f-'_‘NA' L ONAL T

g _  Total*® . . 6,033 . ° 8,100-11,800° --}f-m,me;j_;{l10,260'

_ Source: US EPA (1953) A - o e

. Note:  .a. The uncertamty in the total is eshmated assuming that some of the uncertamty for each .
st source is independent. Consequently, the uncertainty range for the total js more narmw S
© <3 7. than the sum of the ranges for the mdmdual sources. - . .

_>-b.  The total does not include an additional I; 500 thousand tonnes of methane recovered ﬁ'om |

coo 0o ro, landfills that was flared or used as an energy source. P

© LU0 e Excluding industrial landfills. Also, this table does got include the 3000 class 1 landﬁlls A
© .. " | that, because of their very small s:ze ‘are beheved to produce negliglble amounts of methane R

oL Equwalent to 48 6-70. 8 MMTCE s

. mamly from orgamc materrals Smce these matenals
..are. .assumed to absorb a s1mtlar amount ‘of carbon
- during the growmg cycle the net contnbut:on of o
v " landfills to the global carbon dioxide budget isas-_y T
bt oy B ) R RN n“sumed to be zero.2. The same is niot true for the meth-
R S " ane that may be produced since the methane is typic® - - :
5 Estrmates of methane emrssrons from landﬁlls : ;

- are frorn U.S. EPA (1993a). The U.S. EPA employed @ by ;?Bge‘;:'ly p roduced as al by t)roduct of the Ifmdﬁllmg

" statistical model relatmg measured methané recovery - . EYRE

. rates from landfilis with recovery systems to the ‘ “. " The total methane emtssrons from landf'lls S
“physical charactensncs of landﬁlls to- estrmate Us.. reported above do not mclude an estimated 1 500 Wy
.“emtssmns e } e ' thousand metric tonnes'(9 MMTCE) of methane

' S *  annually recovered by landfills with recovery systems
e isi*;;'foﬁf:sz,ﬂs:az:;;°:;f:ifme ey b s e i e
" gas to carbon, dioxide, While landfill gas contains .- used as 4n energy source resultmg in carbon dro}ude

C ".-. emissions. Assuming that the 9 MMTCE ofte vered S
: « .roughly equal amounts of methane and earbon dioxide; g co ‘

i V_methane is flared or combusted for other puxposes ey
g “landfill carbon dioxide emissions are small cornpared potentlal carbon droxrde emlssmns of 4,125, 000 metnc .
i : ‘to emlssrons from other sources drscussed Moreover ; . - . o

. The IPC‘C Draﬁ Gurdelmes ﬁ:r Nattanal Invenrones (IPCC/OECD 1994) presents a methodology conceptually
ot stmrlar to U S EPA (1993a) but sunpler in execution.- f

1l some mstances landfills may be a long-term sink for carbon 1f the orgame matenal does not degrade Further_ ‘
: research i is necessary o determme the extent to whreh landﬁlls may be actmg as Ionger term carbon smks '

'."“\. . N y

b carbon dtoxrde from landﬁlls 1s belreved to corne e - ~~ .
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tonnes'( L. 125 MMTCE) were produccd usmg the

wEe B * Y
s L

‘ Mathane En':lsslons trom Wastes by Source 1880

. L)

s
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lnmted measufements of 1 dﬁll ermssxons on whmh 'to

whole error ma}' be mtroduced Addmonal factors P
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anaeroblc t chnoipgzes, or lf hntreated,

when orgamc mater;al in trehted and
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. ter during decomposition. Under the same conditions,
‘wastewater with higher BOD concentrations will

" ter has a low BOD Content, while food processing”
facﬂltles such'as fruit, sugar, meat processing plants,
and breweries can produce untreated waste streams :

' w1th hlgh BOD content “ -

- oxygen taken up by the orgaruc ‘matter in the wastewa- '

esnmatmg municipal and industrial wastewater meth- .

"' ane emissions exist, the data required by these method-‘
produce more methane than wastewater with relatively .
. lower BOD concentrations. Most mdustnal wastewal-‘ -

ologies are not easily obtained, especially industrial
wastewater data,” Esnmates of mummpal wastewater
" methane for the U.S. provnded in this section are taken'
from U.S. EPA (19942). That report’s methodologies,

- which are similar to the proposed IPCC methodologies, * '
- are based on BOD ioadmg in the wastewater flow in ., .-

b e theUS R I R SR
POl -The followmg equatlon was developed by the U S to estlmate methane emtssnons from mumclpal ﬁ

| wastewater o | : .

( C . kg CH, - (P iy I“ ) kg-BOD, | [ 365 days | [0.22 kg CH] A"Ffacgi,oﬁﬂ.‘_

L W ——— = Opuazon - o - naerovicaiy | | .

N

. Based on avallable data, U S. EPA (l994a)
estimated methane emtssmns from mumt:lpal wastewa-
: ter in the: UU.S. fo be about 150, 000 metric tonnes (0. 9
Loge MMTCE) or about one half of one percent of total _

: U S methane emlssmns Because of the lack of data,
more detailed estimates are not yet avatlable for. 1991,
' and 1992 For thesé years, methane emissions ﬁ'om
v - municipal wastewater i in the U.S. are assumed to be at
. about the same levels as 1990. Insufficient data are

" There is uncertamty in thns esttmate due to a lack
. of data characterizing wastewater management prac-

_ tices, the quantities of wastewater that are subject to -

.\ anaerobic conditions; the extént to which methané is -

ke emitted under anaerobic conditions, and ﬂarmg or’

L utthzatton practices

' C WASTE COMBUSTION -

L:ke other {}pes of combustzon, waste combus-

- fion, whether in incinerators or out in the open, can . .

" be a source of carbon dioxide, NO,COand' :

_ -NMVOCs. Waste’ combustion is also a source 3
methane and mtrous oxide, but emzssmns pathways
are srdl htgh{y uncertam. :

“‘\ Ca ot

ava:lable to esnmate.emlsswns from mdustnal waste- - 'f.

Rt v

,f The cru‘erm pallutants from waste mcmeratmn
* : ,(such as emissions from municipal solid waste i .

WS W) incineration plants) constitute only a smm'l .
ﬁ'actmn of total U. S. criteria pollutant emissions for S
~ 1990 - 1992 UsS. emlssmns of VOCs, Co, and NO B
ﬁrom waste mcmeratwn remamed relatzveb; un-" ~
changed for the period 1990 - 1992 (Table VI-3).
Open burning contributes the majonty of cnterm S
pollutant emissions from waste combustion: about 82
percent of VOCs, 61 percent of No, and 50 percent
-"of CO emtssmns Detatled 1 990 emzsszons are
pmwded in Table Vi4. -

Although IPCC-recommended meth.odologies‘- for .-

Mool e

Table VI-3 US VOC CO and NO Emlssmn‘s_{'

from Waste Incmeratnon‘ 1990 - 1992
(Thousand Metrlc Tonnes)

Source 1990 _19_91‘ 19972 .
VOCs ™~ “~290 - 283 ~ 290"

€O 128 1491 1528 B
’:_ﬁox;f_"'ti;_‘-.i 74, '-'llfif.‘f?ct 74 A

= . Source: U.S: EPA'(1993b);'.
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“Criteria pollutants
inventoried annually by the U.S. EPA. messnons of

“¢riteria pollutants from waste memeratnon were .-

reported in’ ‘National Azr r Pollutant E Emission’ Tren&s ‘
i (EPA 1993b) n-The-U S. EPA’e"Stlrﬁated'
from waste’ combustlon by. applymg actmty
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.j:f..esumatmg emissions of C02 from fossﬂ energy consumptlon ‘and fo, discuss their dlfferences Thns
. apnex is divided-into. three’ sections “The: ﬁrst section prescnts the methodology ‘used to” est:mate

| ANNEXA
ESTIMATING EMISSIONS OF CO, FROM
FOSSIL ENERGY CONSUMPTION

= The purpose of this annex-is to prowde detaﬂed descrlptlons of two different methods

emlssmns in the ‘main body of this report: Th;s methodology. is a detailed; end -use oncnted . ‘}‘ . f-i'
approach, often referred to as a "bottom- up“ methodology, which rches on obtalmng fossil energy
consumption information at a very disaggregated level by specnﬁc use of the energy within the -

U.S. economy. This methodology is conceptually similar to the detailed technology-based

approach discussed in the IPCC emission inventory gu1dehnes (IPCC/OECD, 1994; Vol 3). The

second section presents a' methodology that relies on aggregated data momtormg the flow of fossil

. energy into and out of the U.S. economy at the national level. This approach is often referred to

as a "top-down" methodology, and it is the default estimation methodology recommended by the
IPCC (IPCC/OECD, 1994; Vol. 3).. In the th:rd section, the two methods are compared and the
resulting differences briefly discussed. _

L 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 on 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..
I3 Determine energy consumption by energy type and sector.

The 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 Tablé A-1, with total U.S. 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

" trom a variety Of sources within EIA. 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 footnates provided in each table of this annex.

Sectoral and’ catcgory totals are presented in the last column and last row of Table A-1.
By aggregating consumption data by sector (ie., residential, commercial, industrial, transportation,
and electric utilities), primary-fuel type (e.g., bituminous coal, natural gas, and petroleum), and
secondary fuel category (e.g., 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 inventory 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 ELA were based on HHV. Second, the enérgy data in Table A-1
donot include energy use from U.S. territories. The IPCC methodology, however, recommends -
 that countries report emissions according to the reporting format used by the International
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Encrgy Agency (IEA). Since the IEA data for the U.S. include energy use in U.S. territories, L
U.S: energy consumption data have been adjusted ‘accordingly to ensure that emissions Erom thcse -

‘territories are included in the U.S. total (see Step 5 for.further discussion). ‘Third, the
‘ consumptaon 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 Stcp 6. -

-2 Detenhine the total carbon content of all fuels.

Total carbon was estimated by multlplymg 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 potentlally be released 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 potennal emissions pravided 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 EIA from detailed fuel information and
are similar to the carbon coefficients contamcd in the IPCC's default methodology, with
modifications reflecting fuel qualities specific to the U.S.

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 burned 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 obtain the carbon content of the fuel,
or 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. Assumptions 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). :

byproducts of mcfﬁcmnt COmbﬁstlon Thc estlmated fractlon of carbon no x]dlzcd in US: -
energy conversion processes due- to inefficiencies ‘during the combustion process ranges from: one -
percent for oil and coal to 0.5 percent | for gas. Except for coal these: assumptlons are consistent
with the default values recommended by the IPCC. 'In the U.S. unoxidized carbon from coal
combustion was estimated to be no more than one percent (Bechtcl 1993). Row B of Table A3
‘presents fractlons 0x1dlzed by fuel:type. Row C of the same table gives the actual net emissions
once oxidation has been considered (but prior to addmg emissions from territories or subtracting
emissions from bunker fuels).

5. Account for fuel consumed in U.S. Territories

ey

EIA’s energy use data for the U.S. includes only the 50 U.S. states and the District of
. Columbia. The data reported for the U.S. 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 U.S. territories were computed separately and added to
domestic 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 necessary to 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 (EILA, 1994b), which are presented in Row H. The resulting energy consumption by
territory is given in Rows I-N of Table A-4, with total consumption in all territories provided in
Row O.

I
:

The remaining calculations for territories followed the same procedure used for the
consumption of fuels in the fifty States, i.e. estimation of carbon content and adjustment for the
fraction of carbon not oxidized (see Rows P-Y of Table 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 these emissions, and until this issue is
resolved, countries are to report these emissions separately. EIA 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 emissions.
The calculations for bunker fuel emissions followed the same procedures used for consumption of
all fossi! fuels in the United States (i.e., estimation of consumption, detcrmmatlon of carbon
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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.

B R T [ N NERE

S 7 ‘Summarize 'en'iissit)n estimates.’

Table A-6 summarizes actual CO, emissioiis-in the U S by major consummg sector (:.e
résidential, commercial, industrial, transportation; and electric utilities) and major fuel type (i.e.,

coal, natural.gas, and cil). Adjustments for bunker fuels and carbon sequestered in products have

"already been made. Emissions are expressed in tefms of million metric tons of carbon equivalent
(MMTCE) except in the last ‘column and row of Table A-6,.which shows carbon dlomde
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 of 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).

I1. Estimating Carbon Dioxide Emissions Using the Top-Down Methodology

It is possible to 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.g., stored in products, kept in
fuel stocks, or left unoxidized in ash) or released into the atmosphere. Accounting for actual
consumption of fuels at the sectoral or sub-national level is not required. The following
-discussion provides the detailed calculations for estimating CO, emissions for the U.S. using the
IPCC-recommended "top-down™ methodology. :

I 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




necessary data on productmn 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 an accurate
. estimation of COz emissions, fuel statistics should be prov1ded on an energy basis (eg Btu's or. -
.« + Joules).. Because detalled fuel statistics are typlcally provided-in physrcal units (as, in Table A-8),
: -*_:-they must ﬁrst be converted to, umts of energy before carbon emissmns can be ca]culated Fue]

....

.....

2 Estlmate Apparenl Fuel Consumpnon

The next step ‘of the IPCC method is to estimate ' apparent consumptlon 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 + Imports — Exports — Stock Change

Flows of secondary fuels (e.g., 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 ’ -
o accounted for in the supply of primary fuels from which they were derived (e.g., 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:

-

Imports — Exports — Stock Cﬁange

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

_ The I_PCC-recommended default methodology calis for estimating apparent fuel
consumption before converting to a common energy unit. However, certain primary fuels-in the
U.S. (e.g., natural gas and steam coal) have separate conversion factors for production, imports,
) exports, and stock changes. In these cases, it is not appropriate to multiply apparent consumption
by a single conversion factor since each of its components have different heat contents.
Therefore, U.S. fuel statistics were converted to their heat equivalents first, followed by the
estimation of apparent consumption. The results are provided in Row F of Table A-10.

s e

P

! For the U.S, 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. _
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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:

s Potential carbon emissions are estimated using fuel-specific carbon emission factors (see
o Table A2 o T T e T e

‘o The c;lrbgﬂ éequestered in non-fuel usc-slbf fossil fucié (é.g., plastics or asphalt) is then ..
~ estimated and subtracted from the total amount of carbon (see Table A-12). -

o. The carbon contained in bunker fuels is subtracted from the remaipiﬂg amount of carbon ~ -

to obtain net carbon emissions (Rows C and D in Table A-13).3

¢  Finally, to obtain actual cérbon_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

4._ . Convert fo CQ, 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 CO,. Actual carbon emissions
were multiplied by the molecular ta-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. '

lII.  Comparison Between The Two Methods
These two alternative methods can both produce reliable estimates that are comparable

within a few percent. The major difference between these methods lies in the energy data used
to derive carbon emissions (i.e., actual reported consumption for the bottom-up methodology vs.

% Carbon coefficients from ELA 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 calcylations for these fuels.

3 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 10 end-users. Thus, CO, emissions from the combustion of those fuels are attributed to the
couniry of delivery even though most of the actual emissions may occur outside its boundaries. This is
done to ensure that alf 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. -

4 For the portion of carbon that is unoxidized during coal combustion, the [PCC suggests a global

average value of 2 percent. However, because combustion technologies in the U.S. are more efficient, the
U.S. inventory uses 1 percent in its calculations.
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apparent consumption derived for the top-down methodology). In theory, both approaches
should yield the same results. - In practice, however, slight dascrepanmcs may occur. For the U.S.
these differences are discussed below.

I Dzﬁerences in Total Amount of Energy Consumed

v -~

T : Energy Consumpnon in the U.Ss.: Bottom-Up Versus Top-Down Methodo!ogy ’ L _
sole : , . e (Trlllmn Btu) : Lo '

| | Coat. |.  Gas | . .oin- | TORAL® -
Bottom-Up? 18943 | - 19348 134,001 72,291
Top-Down® 18,882 C 19297 33,009 71,189
" Difference +0.3% +0.3% +2.9% +1.5%
a. Includes 1J.S: territaries. Totals may not equal sum of components due to independent rounding.

&

Totals presented may not equal the sum of the individual source categories due to independent rounding,

Although theoretically the two methods should arrive at the same estimate for U.S. energy
consumption, the bottom-up methodology provides an energy total that is about 1.5 percent-
higher than the top-down methodology. The greatest difference lies in the higher amount of oil
consumption estimated using the bottom-up methodology. There are several potential sources for
these discrepancies:

. Product Definitions: The fuel categories in the top-down approach are different
than the bottom-up categories, particularly for petroleum. For example, the top-
down approach estimates apparent consumption for crude oil. Crude oil is not
typically consumed directly, but refined into other products. As a result, the U.S.
does not focus on estimating the energy content of crude oil, but rather estimating
the energy content of the various products from the crude oil refining process.
The U.S. does not believe that estimating apparent consumption for crude oil, and
the resulting energy content of the crude oil, is the most reliable method for the
U.S. for estimating energy consumption. Other differences in product definition
include using sector specific coal statistics in the bottom-up approach (ie.,
residential, commercial, industrial coking, industrial other, and transportation coal),
while the top-down method uses coking coal and steam coal (steam coal consists of
both anthracite and bituminous coal). Also, the LPG used in the bottom- -up
calculations is actually a combination of the NGL and LPG statistics used in the
top-down methodology.

o v s

Heat Equivalents’ It can be difficult to obtain heat equivalents for certain fuel

S e e
L]

L , types, particularly for categories such as "crude oil" where the key statistics are .
- derived from thousands of producers in the U.S. and abroad. Similarly, for the
I top-down methadology, the U.S. used a weighted average for steam coal based on
S the fraction of production that is anthracite and bituminous because the U.S. does
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not typically estimate the energy content of a "steam coal” category. However, this
overstates the bituminous fraction of the steam coal because 2 portion of
bituminous production is also part of coking coal.

. Possible inconsistencies in U.S. Energy Data: The U.S. has not focused its, energy g
data collection efforts on obtaining the type of aggregated information used in the o
R top-down. methodology Rather, the U.S. believes that its emphasis on collection”
R R S of detailed energy consumpt:on ddta.is a more accurate methodology for the US. -
. . c 1o obtaln rehable energy data e e e T e e o ,

Te Balancmg Item:' The top-down method uses apparent consumption estimates while

: the bottom-up method uses reported consumption estimates. While these numbers -
o should be equal, there always seems to be a slight difference that is often '
A - accounted for in energy statistics as a "balancing item."

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

Potential Carbon Emissions in the U.S.: Bottom-Up Versus Top-Down Methodology®

(MMT Carbon)
Coal Gas oi. | - TOTAL: j
Bottom-Up® 485 280 | 671 1436 |
: Top-Down® dot 279 654 1,424
' difference 2% +0.3% C+25% 0.8%
a. This comparison is based on potential carbon emissions rather than actual net emissions. The two methods are

identical from this point forward since the carbon sequestered calculation and the amount oxidized are the same
for bath methods,

b, Includes 1.8, territories.

As previously shown, the bottom-up methodology resulted in a 1.5 percent higher estimate
of energy consumption in the 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.
Potentlal 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 many sources of crude oil in
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the U.S., it is not an easy matter to track potential differences in carbon content
between different seurces of crude, particularly since information on the carbon
content of crude oil is not regularly collected. :

~.Carbon Coefficients: The top-down methodology rehes on several default carbon
7. . coeffic icients p;owded by, IPCC (IPCC\OECD 1994; Vol. 2), while the bottom up
L ‘ oeff‘ icients that are hkely to be morea

e "A. - crude ml ‘for the US: ZiiiEnT B T D e T

Although the two estlmates usmg dlfferent methodologies are, fa:rly close the Us.’

i7" 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 on obtaining the detailed, products-based information used in the
bottom-up methodology 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 evaluatmg

. the reasons for these differences. The U.S. 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: CO2 EMISSIONS FROM FOSSIL FUEL CONSUMPTION FOR ENERGY IN U.S. TERRITORIES - 1990

Territory Consumption of Fossil Fuel for Energy

COAL PETROLEUM
(1000 Short Tons) (1000 Barrals a day) TOTAL
Total Distiliate | Jet Fusl & Motor | Residual Other Tetal
Row TERRITORY Coa! Fuel Oil | Kerosene | LPG Lubricams Gasoline | Fuel Ol | Petroleum | Petroleum
A |American SEmoa 26 0.7 0.0 00 03 - .- o0t 37
B Guam ; . T 48 1.8 S02000 00 2.3 02 -0 127 :
G- [PuedoRico . . : S 215 Y 124, S 03 o 457, 0368 210 ] L1401
D .S, Virgin Islands * - - 45 . 4T % 039 o180 0 182 - 550
RS her U.S. Pacific Isfand 11 04 ) . 05.. “0.0 0.0 . 20.
R ake Island E - 03 7.4 - ce s - 0.9’ 8.6 :
G II'OTAL 2200 348 307 - 103 - 03 52.7 ‘530 40.3 222.1 NA ]
. COnverslon Factors JBtuIShort Ton: and Mllllon BtuIBarrel) . ' - : ' )
[ H |j 244 | 5825 [-5. 670 [ 4 01 11 & 065 | 4620 | 6287 | 65796 |
- Territory Consu ptlon of Fosstl Fuel for En erg! {trillions Btu)_
| erican Samoa 14 0.0 0.0 05 0.0 0.2 7.7
G Lram 10.2 108 03 0.0 3.9 1 X3 02 256 -
K Puerto Rico 457 1257 35 Q7 774 84.4 44 4 2815
L U.S. Virgin Islands 9.6 87 11.3 0.0 66 36.7 38,5 112.4
M- her U.S. Pacific Istand 23 08. 0.0 0.0 0.8 0.0 00 40
N ake Island 0.6 153 0.0 0.0 0.0 0.0 19 17.9
o) ITOTAL 54 74.0 63.5 13.1 0.7 88.9 1216 85.3 449.0 454.4 |
Carbon Coefficients (MMT/Quadrillion Btu}
I | 25.14 1 1995 | 1974 [ 1716 | 2024 | 19.41 | 21.49 | 2031 |
_Territory Emissions from the Consumption of Fossil Fuel for Enerqy (M MTCE)
Q merican Samoa 0.1 0.0 0.0 - 0.0 0.0 0.0 0.0 0.2
R uam 0.2 0.2 0.0 0.0 0.1 .0 0.0 0.5
S Puerto Rico 09 a5 .01 0.0 15 18 0. s7
T U.S. Virgin Istands 0.2. 0.2 0.2 0.0 0.1 0.8 0.8 2.3
u Other U.S. Pacific Island 0.0 0.0 0.0 0.0 0.0’ 0.0 0.0 0.1
\' Wake Island 0.0 03 0.0 0.0 0.0 0.0 0.0 0.4
W JTOTAL 0.1 1.5 1.3 0.3 0.0 1.7 26 1.7 X 82 |
[ s TFraction Oxidized | 0950 | 0990 0990 0890  0.530 0.980 0990 0.990 |}
‘Actual Emissions from Territories (MMTCE) )
1y 1 0.1 | 15 1.2 0.3 0.0 1.7 2.6 1.7_ | 80 81 |

Sources:

Notes: 1,

PR

All consumption data is from EIA (1992c). The thermal conversion factors for petroleum wese taken

trom Appendix D of the State Energy Data Repont 1892 (EIA, 1694b). The thermal

conversion factor for coal was derived by EIA as described in Rypinski (1094), Carbon coefficients

are the same as used for U.S, energy emissions in Table A-1 (the coal coefficient is for bituminous coal).

As defined by EIA , “Petroleum Other” includes asphalt, coke, aviation gasoline, naphthas,
paratfin wax, petrochemical feedstocks, unfinished oils, white spirits, blending components,

and rmscellanoous pmduchnn All territory consumption of "Other Petroleum™ felf into the

“Mi Pr ion” category. A cor ion factor of 5.796 million Btu per barrel for this
category is ghven in Appendix D of the State Energy Data Report 1992 (E14, 1094b). The carbon
coefficient for this category is the same as that given for "Miscellaneous Products,” in Table A-1-A,
=" indicutes comsumption is dess than 50 barrels par day, and thus not regorted,

. NA = Not Applicabls
. The conversion from barmels per day to trillion Bhu is done as follows:

(1000 barrels/day)(365 days/year)(millionBtwRarel}{1 tillionBtu 0A8 millionEtu)

i

BT,
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Table A-5: EMISSIONS FROM BUNKER FUEL CONSUMPTION - 1990

Bunker Fuel Consumptlon (1000 Barrels)
L .+ FUEL " . O

W Res;dual Dlstlllate Fuel on

| Fuel oil: &OtherProduct' '

# 113880 0 19345.0 §s

[

ConversmnAFactors (Mllllon tu Barrel) B A _
- |;~--- e TNAC 16.287. I . 5825 -]

Bunker Fuel Consumptlon (Tnllson Btu)

[ Q - [TOTAL . [ 263.8 716.0 . 1127 1 1092.4]
_ , ~ " Carboni Coefficients (MMT/QBtu) L
' LR 1 ] 1974 ] 2140 - 1985 |
: Emissions from Bunker Fuel COnsu-r.nption {(MMTCE) :
[z I[TOTAL | 52 15.4. © 22 [ 228 |
| AA I]Fractlon Oxidized [ 0980 | 0.990 | 0.990 ]

Actual Emissions from Bunker Fuel Cdnsum'ption (MMTCE)
[ BB | . 5.2 15.2 . 2.2 T 226 |

Sources: Residual and distillate fuel consumption are form EIA (1992¢). Jet fuel consumption
- is from ORNL (1993). The barreis to Btu conversion factors are from E1A (1994b).
Carbon coefficients are the same as used in Table A-1.




Table A-6: Summary of U.S. Emissions - 1990

Column A B C D ) E
- Coal |[Natural Gas |Petroleum| Total Total .
Row' Sector (MMTCE){ (MMTCE) | (MMTCE) | (MMTCE)|(MMTCO2)
A  }Residential - . 16 .. 653 7. 240 .| 909 -| 3332 t |.
B .. |Commercial. | 24 . . .390 . .: 18.0..]..594 .| 2178}
C .. [industrial = - .. .| 683 - 1189 - ~1035 -| 200.7° | ‘10859 |.-
- D [Transportation |~ 0.0 89 " 1:.398.9 | 409.8 15026 .
- E - futilities 4073 413 - 266 | 4752 | 17425
- F U.S. Temitories 0.1 00 - 9.0 - 81 ~ o 33.4
| G [Jroral | 4786 274.4 5811 | 13351 [ 48954
{__H JTOTAL (MMTCO2)[ 1758.7 1006.1 2130.7 | 48954 | ~

Sources: Tables A-1 through A-3

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

AT " -,

nattliien. . o8

— .




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

Column CA - B C - - D E F_.- 1
nl “ Electncny Fraction Utility . .{ . . Emissions from. Non-Electncnty Total Sector o
Consumption .of Tdtal EI’I‘IISSIOI‘IS Electncrty Consumphon o Emlssmns Emlss:ons “
R R k8 (BkwhrsL* iConsumphon LMTCE] - (MMTCE]}- - (MMTCE) & (MMTCE} N
‘) Re5|den1:al |- 9240 - 03406 - - 4752 - .. 1619 908 = 2527 | °). -
Commerclal 839.0° 03003 U ATS2. T 1470 R ".59.4,7 0% . 12064 ~" sl
|industrial; - 946.0 . 03487 4752° 1657 . 2907 ‘4564 .
Transportatlon 40 0.0015° 4752 7 " 07 - 4098 - 4105,
U.S. Territories . 0.0 -0.0000 ~475.2 -0.0.. 9.1 291 |
[TOTAL 1 2713.0 1.0 475.2- 859.9 1335.1 ] )
Sources: Electricity consumption by sector is from Tables 13-16 of State Energy Data Repont, -

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

: Grccnhouse gas emissions from mobile sources in. this scctlon are reported by transport
mode (ie., road, rail, air), vehicle type and fuel type. The emissions estimates for NO,, :
NMVOCs, and CO (U.S. criteria pol]utants) in this section were taken directly from the U S
‘EPA’s Nanona[ Atr Pollutant Emissions Trends, 1900 - 1992 (U.S: EPA, 1993b) This EPA rcport )
provides emlssnon ‘estimates 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.

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 miles 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 NMVQCs, NO,, and CO emissions from gasoline and diesel-powered motor
vehicles reported by EPA (1993b) are based upon vehicle miles traveled (VMT) and emission
factors. For NMVOCs, NO,, and CO, emission factors were obtained from the MOBILE4 model,
a model used by the U.S. 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 Organization for Economic Co-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
on the number of take-offs and landmgs reported by the Federal Aviation Aclmlmstrauon (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, military, and commercial purposes.

Emissions from railroads are calculated by EPA based on diesel, coal, and residual fuel
consumption by railroads, as reported by the Energy Information Administration (EIA) of the
U.S. Department of Energy (U.S. DOE; EIA, 1993c). 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

4 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-fi red vessels were based on an average 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,4 and N,O Emissions From Mobile Combustion

Estimates of CH, 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
travelled or VMT attributed to a particular model year)

. distribution of control technology in each model year
. total vehicle miles travelled by each vehicle category.

Data were obtained from the U.S. EPA’s National Vehicle and Fuel Emissions Laboratory
(Brezinski et 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 £ 50 percent was assigned to the resulting emission totals.




Table B-1. Gasoline Vehicle Data

Data Category Passenger Light Duty Light Duty Heavy Duty
Cars. . Trucks 1 - ~ Trucks 2 Vehicles
o vMT (108 Miles) © |1 1,503,600 1| 323,000 [ 157,000 )T .733,000 0 o

3-Way Catalyst | . 45%° | - 36% Tosmc | 6%
 Oxit3-Way Catalyst 2% 1% ] 15% 0% 4‘|
Oxi-Catalyst N 18% 14% | 14% _ 9% .

. Non-Catalyst 2% 2% T 3% 35%
Uncoatrolled . 4% | 3% 39% 50%
Source: 1. VMT are from U.S. Department of Transportation, Federal H'ighv;ray

Administration, and U.5. EPA (Brezinski, 1992). .
2. Distribution of control technologies are calculated from U.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 (i.e., the total vehicle miles travelled)
available from the U.S. EPA by the high (uncontrolled} and low (advanced) emission factors
provided for each category (OECD, 1991). The emission estithate reported in the inventory for
diesel vehicles and motorcycles is the midpoint of this range. The data used are included in Table
B-2. ' : .

Table B-2. Diesel Vehicle and Motorcycle Data

I Vehicle Type I Vehicle Miles Travelled (106 Miles)
Diesel Passenger Cars 12,000

Light Duty Diesel 4,000

Heavy Duty Diesel 106,000
Motorcycles ' 11,000

Source: U.S, Department of Transportation, Federal Highway Administration and  U.S. EPA
(Brez@nski, 1992).

Emissions from locomotives and off-highway vehicles were calculated using (1) emissions
factors from OECD (1991) and (2) estimated consumption by vehicle and fuel type (Brezinski, er.
al.; Carlson, 1994; Nizich, 1994; FAA, 1990-92 and 1992; and U.S. DOT, 1993). Emissions from
(marine) vessels were calculated using (1) U.S. EPA data on quantity and type of fuel used and
emissions factors provided for bunkers and boats (OECD, 1991). Emissions from aircraft were




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

Table B-3. Data for Bunkers, Boats, and Locomotives

*" Fuel Category

‘Fuel Quaitity (U.S. Gallons)

" Residual

Diesel. -

Other -

28,000,000

Bunkers 4,686,100,000 © 549,200,000
Boats . ~1,562,000,000 1,647,000,000 1,300,400,0007
Locomotives 3,210,100,000 + “

Source: U.S. EPA (Brezinski, 1992).

Notes: a.

"+" Denotes insignificant; "NA" denotes not applicable.

3 N,O emission for jet and turboprop were not available from OECD.
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:  ANNEX C
ESTIMATION OF 1990 METHANE EMISSIONS FROM
ENTERIC FERMENTATION IN CATTLE AND
" FROM ANIMAL MANURE MANAGEMENT

This annex presents a detalled explanatlon of the methodologles and data used to estlmate A
1990 methane emissions from enteric ferméntation in cattle and from animal manure :
management. This information is provided in order to.enable the reader to venfy the emission
estimates presented in Part 4 of the inventory. All of the information contained in this annex is
taken from U.S. EPA (1993a), to which the reader is referred for more detail.

Methane Emissions from Enteric Fermentation in Cattle

To estimate 1990 methane emissions from enteric fermentation in cattle, detailed analyses
of rumen digestion and animal 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 of animal types sizes, and stages of
matunty, 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 avaluated using the model,
resulting in emission factors (kilograms CH,/head/fyear) 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 cows (over 24 months of age)
Weanling system heifers and steers

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

2 In "weanling systems”, calves are moved directly from weaning to confined feeding programs. This
system represents a very fast movement of cattle through to marketing for slaughter. Weanling system
cattle are marketed at about 420 days of age (14 months).
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Figure C-1: Geographic Regions Used in the Analysis

North
Central

~ Nuwrth
CAtlantic

Atlantic

¢ Includes Abaska and Hawnid

Source: 1.S. EPA (1993a)

Yearling system heifers and stf:t:rs3
Mature bulls

Due to their small number, mature dairy bulls were not evalvated. 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 (i.e., heifers and steers grown for
slaughter). Tables C-1 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 the 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 for beet bulls.

3 "Yearling systems" represent a relatively slow movement of cattle lhrough to marketing for slaughter.
These systems include a wintering over, followed by a summer of grazing on pasture. Yearling system
catile 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

_ Initial Final - , ‘ '
Animal Type Weight Weight lm(::;:;ge Fl(l::‘l :)ge Other
- (ke)° (kg) ¥
Replacement Heifers: T . .
Dairy Replacement Heifers: | - 170, .| -~ 285 . | . 1es . | .. 365 .o~ |
0-12 months, -+ - - ’ . . : s L g
Dairy Replacement Heifers: 285 460 |- 365 o130 K. Pregnanf b
[2-24 months - - : v . . :
Beef Replacement Heifers: | 165 270 165 365 -
0-12 months ’
Beef Replacement Heifers: 270 390 365 T30 " Pregnant
" 12-24 months ’
Feedlot Fed Cattle for Slaughter:
Yearling System® 170 480 165 565 fed 10 26-27%
. carcass fat
Weanling System* 170 480 . 165 o 4 fed to 29-30%
carcass fat
a All weights reported as empty body weight.
Inciudes 260 day stocker period principally on forages and a 140 day feedlot period with a high grain ration.
c Includes a 257 day feeding period; initially at 30 to 50 percent concentrate (125 days), followed by 132 days
of a high grain ration. ’
Source: U.S, EPA (1993a)

Table C-2. Representative Animal Characteristics: Dairy Cows and Beef Cows

Initial and Final Lactation/Dry Milk Production/
Animal Type Weight ] Perjods Lactation Other
(kg) (days) (kg)
Dairy Cows 550 ' 305/60 5,570-7,190° Pregnant
Beef Cows 450 205160 1,400 Pregnant
Beef Bulls 650 NA NA NA
a All weights reported as emply body weight.
.b Mifk production per factation varies by region.
Source: U.S. EPA (1993a)

To derive emission factors for each of the cattle types in each region, the extent to which
each dief 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 on 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
asmgned for each region, weighted average emission factors were calculated for each animal type
in each region. The statistics used in’ these simulations, and thc resultant reglonal emission factors-
are summanzed in Tables C.5 through C-11. 7 : :

Table C-4 Regional Estimates of Methane Emisslons from Mature Dairy Cows
- * Statistics for the Average Animal Modeled

N. Atlantic S. Atlantic . S. Central
.
Feed consumed 5735 5460 5805 5182 6032
per year (kg DM} )
bl

ME" consumed 15,224 13421 15,012 12975 15,190
per year (Mcal}
Diet ME . :

65 2. .59 2.5 252
(Mcalikg) 2 46 2 250
Average feed
digestibility (%) o8 %6 66 64 66
Methane emissions 117.5 126.5 109.4 114.8 1193
per year (kg/cow) .
Milk Production :
per cow per year 6710 6110 6830 ' 5570 7190
(kg) :
Methane emissions : 7
per kg of mikk 175 207 - 16.0 20.6 16.6
Pl‘oilfed (gkg) - | J
a ME = metaholizable energy s
b Digestibility is reported as simulated digestible energy divided by gross energy intake.
Note:  Regional diets are weighted averages of the diets shown in Table C-3.
Source: U.S. EPA (1993a)

To estimate national emissions for each cattle type, the regional emission factors were
multiplied by regional populations of cach 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 from the entu'c cattle popu!anon are estimated by summing the emission
estimates for all cattle types.?

4 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
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Table C-5. Regional Estimates of Emissions from Dairy Replacement Heifers: 0-12 Months
Statistics for the Average Animal Modeled

Diet 1 Diet 2 Diet 3 Diet 4 h
1
_75% alfalfa High quality Corn silage
Diet Description Alfalfa bay hay, 25% . grass. forage ‘with-protein
: : ' ‘concen.® (CP=18%)" to 14% CP
Feed consumed per . E '
. : 9
year (kg DM) ‘1116 _ 1080.. . 967 s .04
P . . . :
l ME? consumed 2623 2684 2613 2432
(Mcal)
Diet ME (Mcal/kg) 235 2.48 2.70 . 269
Average feed '
digestibility (%)° 62 % 67 69
‘Methane emissions . ‘
. 20.0 - .1 14
(kg/headAyr)- 214 0 20
. . Emissions
. ; . .
Regional Distribution of Diets (%) (kg/headpyr) “
North Atlantic 25% 60% 15% 19.5
South Atlantic 3% 67% 20.5
North Central 25% , 50% 25% 189
South Central 15% B5% 203
Weslt MN% 25% 25% 207
a Concentrate of corn meal and soybean meal : '
b CP = crude protein
¢ ME = metabolizable energy .
d Digestibility is repdried as simulated digestible energy divided by gross energy intake.
e Regional distribution of diets shows the extent to which each of the four diets is used in each
region. The emissions estimates are the weighted average emissions using these percentages.
Source: U.S. EPA (1993a)

simulated lifetimes for the yearling system cattle (565 days) and the weanling system cattle (422 days), the
implied 10tal annual average population of cattle needed to support this level of feedlot fed cattle
slaughter is estimated as 38.6 million as follows:

(80% yearling system x Sﬁfdays) + (20% weanling system x 412days)
. 365 days

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 consistent with the January 1 and July |
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.

x 263 million = 38.6million




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

Diet 1 Diet 2 Diet 3 Diet 4 .
T oo R BN ':_'5._,%'_élfa'lfa' -1 Grass forage I Com snlagc
- Diet Description, - . ‘Alfalfa hay .| hay, 25%. of declmmg “with protein ,_ .
v : L] concen? quahty" to 14% CP*-
Feed consumed p’ér : . R ' -
- 2540 -
year (kg DM) 3_:}84 _ _‘._’:()18 3172 0
ME?® consumed (Mecal) 7419 7437 7183 6801
Diet ME (Mecalkg) 2.33 2.46 2.25 268
Average feed
. o : 7
digestibility (%)° 62 64 58 6
Methane emissions :
. 9
(kg/headyr) 63.0 573 614 47
. P . Emissions
; t
Regionat Distribution of Diets (?b) (kghead/yr)
North Atlantic 25% 50% 25% 584
South Atlantic 25% 10% 45% 20% 587 "
North Central 33% 33% B% | 574
South Central 20% 80% 61.7
L West - 50% 25% 25% 612 I
| Concentrate of corn and cottonsecd meal I
b High quality grass forage for 100 days (ME= =2.8 Mcalkg). Intermediate quality grass forage for 100
days (ME=2.5 Mcal/kg). Lower quality grass forage for 165 days (ME=2.1 Mcal/kg). .
c CP = crude protein - i
d ME = metabolizable energy :
e Digestibility is reported as simulated digestible energy divided by gross energy intake.
f Regional distribution of diets shows the extent to which each of the four diets is used in each region.

Source: U.S. EPA (1993a)

The emissions estimates are the weighted average emissions using these percentages.
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Table C-7. Regional Estimates of Methane Emissions from Beef Cows
Statistics for the Average Animal Modeled

Diet 1 Diet 2 Diet 3
: Pg:smre for _ Pasture of Pasluré with
. - 7 rhos; mixed | - - :
Diet Description hav for varying 4 mos of
b : e r’:;ms“ quality” _supplement* .

Feed consumed per : o . ,
et 7

year (kg DM) 3029 3‘172 - 2700

o ' 'ME? consumed : ' '
-
. (Mal) 7370 7731 047

Diet ME (Mcal/kg) 2.43 244 2.61

Average feed ' -

digestibility (%)¢ 63 6 65

Methane emissions '

63.4 71.7 537
(kgheadyr) . |
L
[ Emissi
. —— o missions

Regional Distribution of Diets (%) (kgheadiyr)

North Atlantic 80% 20% 60.5

South Atlantic 20% 80% 70.0

North Central 60% 40% 595

South Central 10% 0% 70.9

West 10% 80% 10% 69.1

a Seven months of pasture declining in quality as the seasons progress. Five months
of mixed hay, grass with some legumes.

Pasture quality varies with the seasons. :

c Pasture with four months of supplementation using a mixed forage (80 percent)
and concentrate (20 percent) supplement.
ME = metabolizable energy

e 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: U.S. EPA (1993a)
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Table C.8. Regional Estimates of Emissions from Beef Replacements: 0-12 Months
Statistics for the Average Animal Modeled

1 Diet 1 Diet 2 Diet 3
Ir .
: . Legume Very high Corn silage
Diet Description . - | pastore with | - quality grass . | - supplemented -
o R " °| . supplement™ | (18% CP)° "to 14% CP’ -
Feed 'co‘ns'umed per year BN e o -
: (k'g DM) - o 984 . {0-11 922
“ME® consumed (Mcal) | " 2443 2614 2454
Diet ME (Mcal/kg) 2.48 2,58 2.66
Average feed digestibility
(%) 65 68 68
Methane emissions
18.1 272 15.8
(kg/headAyr)
. T : Emissions
L3
Regional Distribution of Diets (%) (kg/eadAr)
North Atlantic 50% 20% 30% 19.2
South Atlantic 50% 50% 22.9 -
North Central 33% 3% 33% 204
South Central 40% 60% 23.6
West - 50% 50% 227 .
: =]

Concentrate = 25 percent of ration
CP = Crude protein
ME = metabolizable energy

[ =W I = -

percentages.

Source: U.S. EPA (1993a)

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

Cc-9
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Table C-9. Regional Estimates of Emissions from Beef Replacement Heifers: 12-24 Months
Statistics for the Average Animal Modeled

Diet 1 Diet 2 Diet 3 Diet 4
. Varying Varying qu;?tr)fy l;'gass .qu\alliiitl;ry1 ;fass
Diet Description ‘ quality graass- quality gl;ass _ with winter | with winter
forage forage® - g
supplement® | supplement
Feed consumed per ' . - '
4 7 ( 0
year (kg DM) 7245 ] 26 .5 . 2359 2305
ME" consumed (Mcal) 6356 6524 .| 59%0° 6000
Diet ME (Mcalfkg) . 259 249 2.54 2.60
Average feed .
7 7
digestibility (%) 6 66 . 66 . ®
| Methane emissions ,
. . . 54,
(kg/beadAr) 66.9 710 56.5 4.8
e Emissions
. oNE
Regional Distribution of Diets (%) (kgheadAyr)
North Atlantic 50% 50% 63.8
South Atlantic 50% 40% 10% 67.5 '
North Central 1% 33% - 3% 60.8
South Central - 80% 20% 617 '
- t
West 33% 33% 33% 64.8 i
q{
a 165 days of high quality grass followed by 200 days of intermediate quality grass.
b 120 days of high quality grass followed by 125 days of intermediate quality grass -- grass hay provided
for 120 days during winter
c 120 days of high quality grass followed by 125 days of intermediate quality grass -- medium quality {
alfalfa with a corn:saybean meal concentrate (25 percent) provided for 120 days during winter
d 120 days of high quality grass followed by 125 days of intermediate quality grass -- corn silage
supplemented (o 14 percemt CP provided for 120 days during winter 1
e ME = metabolizable energy
- f Digestibility is reported as simblated digestible energy divided by gross energy intake. )
g 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. !
iourcez LS. EPA (19934)
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Table C-10 Regtonal Esttmates ol‘ Emtssmns l‘rom ‘'Feedlot Fed Cattle- 'Yearlmg System
_ Statistics for the Average Animal Modeled : » :

v Dtet 3 :

G 5

A& oY

FAll dtets 1nciucle forages dunng thé stocker phase )

e S

o

Feed consumed per year‘:f

r" ‘A'verage feed dtgesttbthty (% i

s i

g l Methane emtssmns (kgfhead/yr)

Ad_]ustment for tonophores -and

Methane erntss:ons (kg[head/yr)

g e

Ta s

Reglonal Dtstrnbunon of Dtets (%)“.f

Ry ¥ ot T A et

South (‘entral

R
i

PEEEeer .y

B »

grass) for - the, ﬁrst wmter'(90

mtxed pasture (legume and grass) to 425 days ¢ of age' 50 pere_ent‘ .nlfalfa 50 peree
percent atfatf 90 percent concentrate for &

: days;” lb peroent alfalfa 90 pereent eon'centrate for 100 days

.;ﬂpt-lﬂllih‘ﬂl‘d s T i
- w

grass pasture 10425 days of age;: 50 percent alfa]fa 50 percent concentrate for:40

i

,l{i percen all
ME metaboltzable energy“ "'*.“Tlim
Dlgest:btltty is reported as simulated’ dlg&‘.tlblc energy cﬁvtded try gross energy mtake
,Regtondl distribution’ Of_dlCIS shows the exrent. 10 wmqn eéeh of, the four diets is used in each
region. -.The €missions esttmates are the 'wetghted average emtssrons usmg ‘these percentdges
Only the three regtons with feedlots are §hown




Table C- 11 Regmnal Estimates of Emlssmns from Feedlot Fed Cattle: Weanhng System

Statistics for the Average Animal Modeled -

Diet1 - |- - . D‘iet 2

-Diet 3

= ‘.Dlet Descﬁbnon

g

Ail d:ets mclude rmxed ranons w:th mcreasm ol

Feed consumed per year (kg

* amounts of hlgh gram ‘concentrates® '

1742, :

B concemrate for 132 days

o

B o

Source: - U.S. EPA ( 1993a)

R percem concentrale for 132 days
" "ME = métabolizable energy - S ~ : P
) Dtgesublhty is reported as 51mulated dlgestlble energy dmded by gross energ( mtake.. . -
"~ Regional distribution of diets shows the extent to which™ gach’ of the four diets is uscd i cach
* region, The emissions estimates are ‘the wexghtcd average em:ss:ons usmg these percentages
e Only the three regions vnth fecdlots are shown .

[

M) 1935 o | '1763. :

ME consimed (Meal) © | g2 | - Sigd

Diet ME (Mcalkg) © 270 7

“Average feed digestibility (%)° s ”6_8‘__ w )

Methane emissions '(kg;-fh:eéd/yr)- S 32

Adjustment for |onophores and |.. o A

hormonc unplants ey e r85% LT b o 85%

Methanc emissions (légjhéadlyr) L2635

ng-idi"j_al_ _Ihv)l:fs:tri‘ti‘di‘i'onl.bf Diets (%)d : | 7 : . (Egﬂ;’l:gff;sr)

North Central * - © © P 206 L 20 ) 60 26

‘South Central - vt [T 0g | | 2407

West 1o - Ao%;-“f'.}” 0% ‘25
: ; a . The following diets were sm:u\ated- e Swoas ﬁ.'"»‘_._*.... .

._cht 1. 60 perceni alfaifa:? 40 pcrcent concentratc for__,l25 days 10 percent alfalfa 90 perccnt .
Concentrate for 132 days.” . - ' ‘

" Diet 2 50° percent alfalfa 50 perccnt concentratc for 125 days, 10 pcrcent aifalfa 90 percent .

'--
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Population
(000 Head)

chlacemems 012 months'
chlacemcms 12 24 momhs

i

3 E.snmates of 1990'methane enuss;ons from anunal manure management were denved

EERE Y

M_Thls appro ach_ i Is; as follows

.‘ “Bm X MCF i

ACRER

numb ¢ of ‘anlmals‘of type i in state_k

plqal ‘amma_l mass of an;r}ial;z
-volatﬂc sohds productlon per umt of

ol v, o r-a Lt

mainmum methanc producmg capacnty of the manure of ammal i

'm I re‘mana

EN &




' : ll sWest

(2) Estlmate total annual methane émissions for animal i by summmg annual e emlssmns aver all
applicable manure managemcnt systems J and states k. ‘

(3) Estimate total annuaf mcthane emnssnons from _all ammals by summmg over all ammal types i.

Table C 13 Methane Emlssmns me Enteric Fermentatlon in U S Beef Cattle

. | _ . Emissions Factor . - Population " Emissions 1
" . Region/Asia! Tye (kg/head/yr) | (000 Head)" (Teyi) -

- North Atlantic . . . .
. Replacements 0-12-months ;.‘

v192

- 10,002 "

Repﬁcemems 0 12 monlhs -
‘ _Replacements 12-24 [months -
c ‘ - Mature Cows

-~Weanling. Syslem Stccrs/Helfers =
Yearlmg Systcm Steers/l-[enfers .

677 ..
709 -

L4716 -

w240 T T‘ AU

- Replacements 12-24 ‘months-: et o K. B e " 0,006
Mature Cows . L 6L5 . 0.021 -
South Atlantic . - X
- Replacements 0-12 months 27 594 0013 .
Replacements 12-24 months K L6758 594 " . 0040 L¢
_Mature Cows ' CL 700 3,418 L0239 v
;|| North Central - . L BN
i " Replacements 0-12 monihs . 204 ’ 0032“\:] -
" - Replacements 12-24 months __608 T 0094 - o
* 'Mature Cows 595 - 10.630 -
Weanling System Stcers/l-lelfers . . 226 -~ 0067
“Yearling System Steers/Hejfers - 470 . Y . 0557
‘South Centrat - ;--i Sae e A AN R AR
236 : 0049

N BTSRRI

. 0876
i 008
o

" Bulls " Nationally ™ 2777

S 10007

2300

L;*chlacements 0- 12 ‘months o 2277 . 1,229 R 0028 7
- Replacements 12-24 momhs -, - 648 ‘ o 71,229 - 0080 -
- Mature Cows L 690 . 6772 T 0468 . T
Weanling System Steers/Heifers - S - 235 11,133 s 0027 <
Yearling System Steers/Heifers - - 476 .Y 4,532 Ju - 0216 B

TL0220 0

National Total -

Mature Cows

- Bulls
Totald

- Replacements (-12 months
" i Replacements 12-24 months

Weanling System Steers/Heifers
Yearling System Stccrs/l-lezfers

223

. 650
66.7
23.1
473
100.0
415

5,535
ot 5535 ..
. 33478
T 5260
© 21,040
2,200

85,398° -

S oa
e 0360 T
2234

0122 g

_ 0.994" .

TR 1 .71 BN
: 4054

a' -, Population for slaughter steers and heifers in each region is the number slaughtered annually. .
b .. . The emissions from Yearling and Wcanlmg Syslern steers and hcnfcrs are. dSSlgncd to thc rcglons m whlch

o they are managed in feedlots: :
“c. " The national popuiation js esumated usmg thc avcrage annual popu[anon of Yearlmg and Wcanlmg System
s . cattie; 38.65 million. See text. : o g :

. 5 e
d. ! Total may not add due to roundmg ‘
|| Source: " Us: EPA (19934 = AP
ILs: ( ) .
LI E ' \"_\-‘

|
i
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To lmplcmcnt thls methodology,'twenty types of ammals were dcﬁned for the U S.,and -

_ data were collected on the 1990. populations of each- ammal type.in each state, their. typical animal -

mass and’ theu average annual volatife solids’ productlon per unit of animal mass.- These data and.
thenr squrces are listed _in, Table C-14. -The cattle’ opulatlons and welghts a equal to those' -used

AR

P TS Srrih

ey ST At

=




..A-,_.._,_,_.,,.__.‘.,,_.,_._N,.(,.p.,.

. Manure

" Table C-14. U.S. Animal Populations, Average Size, and VS Production
. .Tn‘)ica—l " Manure per day'
- "Animal | (ke/day per 1000 kg mass)
- . Populatron"" o I - —
Anlmal Type o ; <o Mass 0 [ ee ey Volatile
A I S i (TAM.)‘ ol Totai DASE B v

VS

“ Solids -

Feerilm Beef Cattle

Steers/Heifers

10,088,000- -

58 b 12

- Other Beef Cattle:

CEe ‘36l=0x4:.0a000 .-

o 58 : v 7.2

Catves .~

' 'I-'Ieit"e_‘rs' '

'5,535,0000

. 58 72

Steers R

2,162,000

Loss L T2

" 33,478,000.

"Cows . -'500 ~58 S 12
s | Bons ™ | 52,200,000 ¢ 3| 0720 o 58 ST
L Total 79,205,000 e )
Dairy Cattle Heifers 4,205,000 . 410 86 10
10,130,000 " >

| Cows *°

C 0610

o860

| Total

14335,000

Market

- 48,259,000

4

Breeding | -’

" 7,040,000

181 .,

Totat & "7

755,299,000 <

‘]-‘ayers"' ‘_'.‘ ,_.‘ i ;:

- 355’469’000 A PR

Broilers.. . .. |2

.--951,914,000

07

il 85

...,_..*‘W:IT .

Ducks L i

7,000,000

cring

LHI07 e | i8S

“Turkeys °

53,783,000

BRI V'

N RS

Sheep =

10,639,000

70

L e Y

Goats

3 2396000

164 o

‘Donkeys " .. iy

4000

s
v

‘Horses and Mules

. 2,405,000

s

a ° Population data for swine, pouliry, and sheep from USDA (1989a-f). Goat and horse population data

...+ - . from Bureau of Census (1987).. Population data for cattle are the same as those used {o estimate .

- emissions from enteric fermentation in cattle in 1990 Populauon data as of January 1, 1988 for poultry,
and sheep and as of December 1, 1987 for swine, goats and horses Cattle populauons represent an .
average for 1990. -
b Broiler/fturkey populauons esumated yearly based on number of ﬂocks per year (North 1978; Carter

-1989).

sl

'Source: U5, EPA (19933)

( : Source Télganrdes and Stroshme (1971)
do -Source ASAE (1988)
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rTa;b'lé“—('-Z-‘iS.‘ thiiﬁi‘ini‘Méthﬁhé Prdaﬁuﬁ‘%g":‘cipﬁclt'y Adopted For U.S. Estimates
- Maximum. Potential —
Emissnons (B,) :

i “_"‘ Hashlmoto ct al

ey

Mdms (1976) w3

e -

(_ hefi (1983) *;

.

Saﬂey et al (1992a)
Saﬂcy ct al (1992,a)‘.

{ Safley et al: (1992a);""
 Safley et at. (1992a)
a)

g‘rhosh (1984) e

x .u*'», Jaeh

(19923) and Saﬂey‘and Westermau“(lQQZb)-L




Table C 17 Methane Conversmn\Factors for U S. Livestock Manure Systems

State

Pasture, Range
& Paddocks

[}

Alabama 7. ;
Arizong” 7
Arkansas
California
Colorado |,
Connecticut .
Delaware
Flnnda o
(reorgla -
Idaho ™
Iilmms

Indigna "7

Towa -
Kansas
Kentucky -
Louisiana
Maine

.

Maryland .

Massachusetts

. Michigan

Minnesota
Mississippi
Missouri
Montana
Nebraska .’
Nevada-

‘New Hampshire', - " -
New Jersey - -
New Mexico, ;" .
New York

North C :arcnlma

North Dakota ., i

Ohio " .

{ oxiaboma
’ Oregon ‘._‘.._‘\_.‘.::.;‘;_., e e
Pennsylvania
Rhode Island ..
South Carolina .
South Dakota -

Tennessee
Texas’
Utah
Vermont
Virginia

| Washington.. -+ -

\_N'est Virginia
Wisconsin
Wyoming’

T 14%
13%

12%

CL09%
L 09%
S 12%.
1.‘5%'. i
w0 14% -
oo 08%

1.1%

1.0% - .

09% ‘.0 ik
. 1.1% L \
. 12%

- 1.4%
0.8% -
1.1%
- 09%

0.8%

 08% .
14%
> L1%
- 0.7%
0% - |
CL2% T
e 08% - - e
U L0%
2% L
. 09% . .
18,
C0T%.
10% -
L 14%
el B 1%
1.0%
1.3‘%: e
08% . ox 0.
3%~ .
1.4% .
09%

0.8%

12% -

1.0%

2% .
'08%
0:8% "

' "f:-0.8%~‘;:;----—'-- -

T 04% -
T 04%
04% .
03%
02% -...
L 02% o0
0.3% st
1 06% o,
< 04% ,
02%..

03%
L 03%.

02% .

' 0.3%.

03%

0.5%

- 02%.-
03% - -,
C02% U
"L03% -
T 02%
04% -

03% -
C02%
T 02% .

03%

- 0.2%
“03% - S
03%. 7
T 02% .

03%

L -02%] 11
T 0.2%
T 04% .
10.2%-
Le2%.
T N02%
04% <
‘: 02%' . ‘,-,\- e ;
03%
©0.5%
. 02%

0.2%

03%. -
02% .

0.3%
02%
0.2%

Other Systems: Pit Storage for less than’30 days is assumed 10 have an "MCF equal to 50 percent of the MCF for
Liquid/Slurry. Pit Storage for more than 30 days is assumed to have an MCF equal to liquid/slurty. Anaerobic

lagoons are assumed to have an MCF of 90 percent lmer and deep plt stacks an MCF of lO percent

Source us. EPA(1993a)

N 289% [

.--,‘".".‘.'.;‘-_..k."-15 3% S o o

i




- Includes ch:ckens' turkeys, and ducks
= ‘Includes goats horse.s mules, and donkeys

- : % 3 L
Emlssmns were estunated for each a 1mal type y: summmg annual emtssmns over all appl

R ary

methane emtssnons from all ammals were:

LRI T a1

ramfall...\ Because a

Vstorage were assumedto Be




estimated using a lagoon methanogenesns model prepared for U S EPA8 _were 40 to 100
5 : percent of the base case.

~ These assumptlons are summarlzed in Table C-19 -

. 1._e,..

4
N e e .| " Five Timés | _ ‘;:-.Z"Sﬂpercentuf.,. L . e

b Pasture, Rar_rge, Paddock, Drylot, Daily Spread o Base Case . . 7 Base Case X ;

S oo Liquid'/S‘lun?e Pit Storage - R . . Two Times | - - .%- 90 percent of "

. Base Case . Y BaseCase L

O e 'I\vo Times | -
Lmer,ilt)eep.P:_ts RERE . " 1Y 'Base Case |W

Base Case

N Y R .Sam.‘:a; 7 Model Estimates ¢
[ Anaerdbic Lagoons - . Bise Case -+ - 40.10 100 percent

of Base Case -

y Istmrce': US. EPA (1993a)

8 The model esumates methane producuon based on loadmg rates lagoon charactensucs and clunate.

e The model esumatcs are "conservative” because the model focuses on the amoum of methane that can be
recovered rehably for use as an. energy source. P

, LI R S - . " (.\‘
__U,\|.‘\-.“.. L R
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<o space thereby red. ing the radia
f cloud condensatlon nuclel -~thereby poteutlallyt
affect. atmospherlc chemical. co'rrnposntnon, c
ces for\-heterogeneous chermcal processes. Asa ’result of

( !

stratosphenc Oy, by provndmg surfa ces, |
“theseactivities, the effect of these gasec oq radlatlve forcmg may be negat:ve
'I'herefore since their effects are uncertam and. opposnte from the other criteria pollutants,

emlssxons of{ SO2

naw

The ma]or source of SO; emxssnons in the_U S is the urnmg

ltmg-and other mdustnal processes

'of sulfur oontammg
ut ‘quantities of ‘1'




":jdlsaggregated by fuel source. e Y

major contnbutor to the formation of urban smog and acid rain. “As a contnbutor to urban smog,

.. high concentrations of SO, can cause srgmﬁcant increases in acute and chronic resprratory

© . diseases. In addition, once SO, is emitted, it is chemically transformed-in the atmosphere and

i returns to earth as the primary contributor to acid depdsition, or acid rdin.’ Atid fain has been
. found to accelerate the decay of burldrng materials and paints, as'well as cause the acidification of -

- - Source Review/Prevention of Significant Deterioration Program, which- protects air quality from
-+ deteriorating, especially in clean areas; and (4) the Acid Rain Program, which addressees, regronal
. V‘envrronmeutal problems often assocrated w:th Iong-range‘transport of SO2 and other pollutants

accounting for about 70 percent. Coal combustion accounted for approximately 96 percent of
SO, emissions from electric utilities. The second largest source is industrial fuel combustion,
which produced about 14 percent of 1990 502 emlss:ons. Table E-2 provides SO, emissions -

Table E-2 Emlssmns of SO2 from Fossil Fuel Combustion _ o
507 by Fuel Source: 1990 - S RN o
(Million Metric Tonnes) e e e e

= Fuel Source

'_ Natural Gas

WoodaL '

Intemal Combustron
Other Fue,lsb

l Total

Source us. EPA(1993b) S
Notes:- * Total may not add to thé sum of the mdependent source catcgoris T
T - dueto mdcpendent roundmg ' : R
. Residential sector only. T

Other fuels mclude. LPG wastc Oll eoke [

Sulfur dlomde is unportant for reasons other than its effect on rad:atrve forcmg.--: It is

lakes and streams and damage trees. As a result of these harmful effects, the U.S. has régulated: .
the emissions of SO, in the Clean Air Act’of 1970 and in the amendments of 1990. The U.S. .",.%
EPA has also developed a strategy to control these emissions via four. ~programs: (1) the Natronal -
Ambient Air Quality Program, which protects air qualrty and public health on the local level; (2)
New. Source Performance Standards, which set emission limits for new sources; A3) the New -






