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1.8. Methane Emissions 1990 — 2020:
inventories, Projections, and
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1. Introduction and Aggregate ﬁ@suﬁ@s

Introduciion

This report has two objectives, First, it presents the U.S. Environmental Protection Agency’s (EPA's) baseline
forecast of methane emissions from the major anthropogenic sources in the U.5,, land E2A's cost estmates of re-
ducing these emissions. Emission esdmates are given for 1990 through 1997 with projectons for 2000 to 2020.
The cost analysis is for 2000, 2010, and 2020. Second, this report provides a arent methedology for the cal-
culadon of emission estimates and regduction costs, thereby enabling analysts to
approaches described herein to conduct sirrilar analyses for other countries.

The information presented in ihis report can be used in several ways. The emissiqn estimates and forecasts repre-
sent the most up-to-date astimates of methane emissions in the U.S,; thus, this it replaces and expands upon
£PA’s Anthropogenic Methane Emissions in the United States, Estimates for 1990, Report w Congress (1593a).
As such, this report can be used where estimates of future emissions ars rsquired. | The regort also summiarizes the
stata of knowledge on methane emissions from the major anthropogenic sources. '

While the emission estimatons are refinernents of eariler approaches, the cost

represent 2 major contribution to the literatire on mitigating emissicns. To dage, most economic analyses of

greenhouse gas (GHG) emission reductions have focused on the energy-related \carbon emissions since caroon )

dioxide (CCy) currently accounts for about 82 percent of the tcral U.S. emissiong (weighted by 100-year global
warmning potentiais) (EXA, 1999). The cost-estimates for reducing methane emi
be integrated into economic analyses to preducs more comprehensive assessments of torl GHEG reducdons. By
including methane emission reductons, the cverall cost of reducing GHG emisslons in the U.S. is reduced. At
increasing values for emission reductions, mere casdy CC, reductions can be supstituted by lower cost methane
reductions, when availabie, thereby Jowering the marginal cosi and the total cost of a partcular GHG emission
reduction level, ‘

The marginal zbatement curves (MACs) deveioped in this report can be used io eftimate possible emission redue-
tions ar various prices for carbon equivalent emissions or conversely, the costs ¢f achieving certain amounts of
reductions. EFA recognizes that the cost anatyses wiil change with the ingreducticn of new techmologies and add-
tional research into methane emission abatement echnclogies. Cther couniies) nevertheless, can use e cost
analyses presented in this repor as the basis for estimating emission reguction costs.

1.0 Overview of Methane dioxide. As iilusoared in Exhibir 1-1, methane ac-
. | counts for 17 percent pf the enhanced greenhouse ef-
Emissions fe (PCC, 19963).

Next to carbont dioxide, methane is the second largest  Over the last two cennyries, methane’s concantration in
contributor 1o giobal warming among anthropogenic  the amosohers has moge than doubied from about 700
greenhouse gases. Methane’s overall contribution to Darts per billion by vpiume (ppov) in pre-industrial
global warming is significant because, over a 100-year dmes to 1,730 ppbv in 1997 (IPCC, 1956a). Exhibit
dme frame, it is estimated o be 21 times more effec- 1] flustrates this tregd. Sciendsts believe these at-
tive at wapping heat in the ammosphere than cabon  mospheric increases pre largely due 1o increasing
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Exhibit 1-3; Grobai Enkenced Gresnhouss Eifsct and Meshane Cancamrations

| Contribution of Anthropogenic Gasas to Enhancad |
Greenhouse Effect Sinca Pre-Industrial Timas
{measured in Watts/m?)

Mathanme 17%

Carbon. Tropospheric O, 14%

Dioxide 55%

CFCs, HFGS 9%
N,O 5%

PFCs, SFg=1%

Taotal = 2,85 Waits/m?
Source; IPCC, 18298a,

emissions from anthropogenic sources. Although at-
mospheric methane concenrations contnue to rise, the
rate of increase appears to have slowed since the
1980s, If present wends continue, however, atmcs-
pheric methane concentrations will rezch 1,800 ppov

__ by 2020 (Diugokencky, et ai., 1958),

Aunospheric methane is reduced namuraily by simks.
Matural sinks are removal mechanisms and the greatest
sink for atmospheric methane (CH.) is through a reac-
ton with namraily-occurring tropospheric  hydroxyi
(OH). Methane combines with CH to form water
vapar (H:0) and carboa menoxide (CO), which in turn
iz converted into carbon dioxide (CDs). Ammospheric
methane, nevertheless, has a cleardy defined chernical
feedback that decreases the effectiveness of the hy-
droxyl sink. As methane concsawaucns mise, less hy-
droxyl is availabie to break down methane, producing
longer aumospheric methane lifetimes and higher
methane concentrations (IPCC, 1996a).

Cn average, the ammospheric lifetime for a methane
moiectde 18 12.2 yaars (= 3 years) befors a natral sink
consumes it (IPCT, 19596a). This relatvely shor life-
time makes methane an excellent candidate for mid-
gating the impacts of giobal warming because emis-
sion reductons could lead to stabilizadon or reduction
m mathane concemrations within 10w 20 vesrs.
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2.9 S@ME’@@%
Emission

Methane is emitiad inko the armwosphere from coth
natural and anthropogguic sources. Natural sources
include wetlands, ¢ bogs, swamps, termites,
wildfires, methane hydrates, and ccsans and fresh-
warers. Anthropogeniciscurces include landfills, nam-
rzl gas and oil productdon and processing, coal mining,
agricuirure (livestock ¢meric fermentaton and fve-
steck manure managemtent, znd rce cuitivation), and
various cther sourcs By 15¢0, anthrovogenic
sources accounted for 30 percent of total gicoal meth-
ane smissions (EPA, 1993a; TPCT, 19962). This sec-
tion summarizes the natiral and anthropogenic sources
of methane. '

2.1  Natural Methane Emisgions

In 1990, woridwide scurces emitted 915 mil-
lion metric tons of carbon equivalent (MMTCE) cr
160 Teragrams (Tg) of) methane into the ammesphere,
or about 30 percent of the total methane emissions
(TPCC, 16%6a). The lepding ranmal mediane sources
are descriced below in descending crder of their con-

. tribudon to emissions (ges Exhioit 1-2).

U=, Meﬂnm Emiszions 1290-2029: Inveniories, Projections, and Onmporimiig

‘Wetlamds. Methane ig generatad by ansercbic (oxy-
gen poor) bacterial decpmposition of plant materiai in
wedands. Natural wetlands emit abcut 859 MMTCE

= for Reduciions

0001066



Ehiiit 1-2: ‘Woridwide Raturs and Anthropogenic Methane Emicsions in 920

Anthropogenic (70%)

Cther 4%
Livestocy Manure 7%

|
Domeatic Sewage 7t

Casl B%
Lendils 11% T8

Biomass Burning 11% .
Natural Gas and Of 18%

" Total m 2,150 MMTCE

Entaric Farmentation 28%

. Fiice Pagdies 16%

Natural el

)9a)

[Termites 12%
/ b Oesans 6%

B Ctihar 3%

¥ Wetianag 72

Tow w 915 MMTGE

Word Total = 3,008 MMTCE
Soyrew: PGS, 1996 and 19866,

(115 Tg} of methane per year, which is 72 percent of .

natral emissions and 70 percent of totai global meth-
ane emissions (IPCC, 1995). Methane emissions from
wetlands will probabiy increase with global warming
as 3 resuit of accelerated anaerobic microbial activiry,
imaddition, climate change models predict increased
precipitaton as giobal terperatures rise, which couid
create more wedands (EFA, i993b). Tropical wet-
lsnds (betwesn 20° ¥ and 30° 5) represent 17 pertent
of total wetland aren and 60 percent of emissions from
wetlands, These ralarively high emissions sre due t©
higher temperatures, more precipitation and more -
tense solar radiation, winch encourage higher plant
growth and decomresiton rates (EPA, 1993b).

Morthern Wetlands (those above 45° N) are usuaily
underiain with near-surface permafrost that prevents
soil drainage and creates wetland condidons. Normhem
wetlands represent nearly 30 percent of the wetland
area and 35 percent of methane emissions from wet-
lands (EPA, 1593b).

Terriies. Microbes within the digestve systems of

ternites break down ceiluicse, and this process pro-

duces methane. Emissions from this source depend on
tenmite popuiaticn, amounts of organic materiai con-
sumed, species, and the zctivity of methane-oxidizing
hacteria. While more research is nesded, some experts
befieve that funire mends in termite emissions are more
- infivenced by anthropogenic changes in land use, ie.,

.5, Environmentzi Pretection Agancy - Saniember 1282

deforestaton for agricy
Termites emit an 45U
methane each year (IF4]

Hture, than by climate change.
pted 115 MMTCE (20 Tg) of
C, 1593).

and Fresimwatiers, The surface waters of the

worid’s oceans. and
rafed with methane
therefore emnit an esti
methane each vear
dissolved methane is o
may come from sedim
besn suggesied that my
aerobic gastroimwestinal
and fish (EBA, 1993b)
result from the decorny
this report, methane e
included in the esd
pheric methane concen
of merhane supers
will decline relative t©
cf methane, assuming
in cesans and freshw.

Gas Hydrates, Meth

hwaters are siightly surersamn-
lative [0 the ammosphere and

ted 57 MMTCE (10 Tg) of
C, 1595). The crgin of the
¢ knowr. In cosstai regions it
pats and drainage. It aiso has
thane i3 generated in the an-
wacts of marine zeeplankton

Methane in freshwaters can
jositicn of wetland plams. (in
missions from feshwaters are
for wetlands.) As atrmos-
tons increase. the proportion
ed in oczans and freshwaters
e aimospheric concenEagens
at the methane concentration
T3 TRIAIS COTSIIL

e is trapred in gas hycrates,
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witich are dense combipations of methane and ic2 Jo-
cated desp underground and beneath the cczan floor.
Recent estumates of hydrates suggest that around 44
billion MMT'CE (7.7 biftion Tg) of methane is Tapped
in both cceanic and cpneineatal gas hydrates (DOE,
1658). Scientists agree that inceasing tempemiures

imroguclion 3




will evenmuaily destabilize many gas hydrates, but are
unsure about the timing and the amount of methane
amissions that would be released from the desply bur-
ied hydrates (EPA, 1593b).

Permaiirest. Smail amounts of methane are trapped in
permafrost, which consists of permanently frozen soii
and ice. (To be classified as permaffost, the ice and
soil mixture must remain at or beiow 0° Celsius year-
round for at least two consecutive years.) Due w the
large amount of existing permarfiost, the total amount
of methane stored in this form could be quite high,
possibly several thousand Tg (EPA, 1993b). This
methane is released when permafiost melts. However,
no estirnates have been made {or current emissions
from this source.

Wilafires. Wilkdfires are prisnarily cansed by Lightming
and release a mumber of gresanbouss gases, including
methane which is a product of incomplete combustion.
However, no astimates are avaiiable for methane emis-
sicns from this source,

2.2 Anthropogenic Methane
Emissions

Methane emissions from anthropogemic sourcas ac-
count for 70 gercent of all methane emissions and io-
taled 2,150 MMTCE (375 Tg) woerdwice in 1550
(IPCC, 19%6a). The learding sicbal anthrepoganic
methane sources are descrived belew in descending
order of magnituds. The two ieading scurces of aa-
thropogenic methane emissions worldwide are lve-

‘Methane is produced

stk enteric fermen
contrast, in the U.5,,

tems (see Exhibit 1-3).
MMTCE (314 Tg) o

ion and rice production. 3y
two leading sources of meth-

" ane emissions are landkiils and natural gas and o sys-

In 1997, the U.S. emined 179.6
f methane, about 10 percent of

globat methane emissjons for that year (EPA, 1999). '
The U.S. is the fourth-largest methane emiter after
China, Russia, and Inﬁ(EPA, 16043,

Enterie Fermemtai
methane as paqt of

during which microbe
sumed by the animai i

mocess, and s expe
cattje emit ahout 96

stock enteric fermen

Ruminant livestock emit
ir normal digestive process,
break down piant material con-
to material the animaj can use.
a by-nreduct of this digestve
by the animal In the U.S.,
nt of the methane from live-
ion. In 1994, livesteck emteric

fermentation produced 490 MMTCE (B3 Tg) of meth-
ene weridwide (PCT, 1995), with the emissions
coming from the former Sovier Union, Smzl, and In-
dia (EPA, 1994). EFA estimates thar U.S. emissions

from this source were

34.1 MMTCE (6.0 Tg) in 1597

((EPA, 1555). Under HPA's baseline forecast. livestock

enteric fermentation erhissions in the U5, wili incrense

1o abour 37.7 MMTCE

(6.6 Tg) by 2020 (Exhibit 1-4).

The projected increas¢ is due to greater consumprion
of meat and dairy preaucts.

Rice Padgdies. Most of the worid’s rice, including rice
in the Uniied States, i3 grown cn ficoded fieids where

crganic matter in the s

pil decomuoses under anaerobic

conditions and precdudes methare. The U3, is not 2

it 1-3: 1.5, Methane Emizsions

U.5. Gresnnouse Gas Emissions in 1597
Waeighted by Giobal Warmming Fotentisl

Methane 10%

Nitrats Oxide 83
HFCs, PFCy, 57, 2%

Carpon Dioxide 82%

Totd = 1,814 MMTCE
Sourge; EPA, 1958,

-

Sourca Breakdown of

Entaric
Faranation 19% ..

Livastock
Manure 10%

Goal 10%

Other 4% |

3

k597 11.8. Methans Emissions

Lancetiiz 37%

Matural Gas ana il 20%

me#- 179,86 MMTCE
o

rce: EFA, 1988,

1.5, Hethans Emissions 1290-2020: nvemiories, Projecsions, and Cpponumies ior Reductions
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Ectinifil 1-4; Baseline Methame Enissions in the Pnitad Stales (MMTCE)

Saurca 100 19871 2000 2010 el

Langills 56.2 6.7 814 52.0 41.

Natural Gas Sysiems 329 33,5 35.6 e 38.8

Qi Systems 1.5 1.6 1.6 1.5 1.7

Coat Mining 2440 18.8 219 8.0 30.4

Livestock Manure Management 149 17.0 18.4 22.3 26.4

Enteric Fermentation 327 34 182 36.6 7.7

Other? 7.3 7.4 18 7.5 15

Total 1689 1725 173.9 1880 1857
- 3 Sourge: £PA, 1999, .

® These esimates developed by EFA for the 1997 Climate Acton Repor (DOS, 1857),

Tatals may not sum dug 1o indegendent rounding,

major producer of rice and therefore emits litile meth-  burning produced 230 MMTCE (40 Tg) of methane

ane from this souwrce. Worldwide emissions of meth-
ans from rice paddies were 345 MMTCE (60 Tg) in
1994 (IPCC, 1595), with the highest ernissions coming
from China, India and Indonesia (EPA, 1554). EPA
estimates U.S. emissions fom this scurcz at 2.7
MMTCE (0.5 Tg) in 19597 and expects emissions 16
remain stable in the future (BPA, 1599), .

Mamral Gas amd Off Systems. Methanpe is the major
component (95 percent) of natral gas. During oro-
ducticn, procassing, Tansmission, and diswibuden of
nanral gas, methane is emited from system lenks,
deliberzte venting, and system: upsets (accidents).
Since aaturai gas is ofien found in comuncton with
petvleumn, cnude pegoleum gsthering and stcrage
systerns are also a source of methane emmissions. In
1904, nanwal gas sysiemns woridwide emitied 230
MMTCE (40 Tg) of methane and oil systems emited
35 MMTCE (15 Tg) of methane (IPCC, 1995). EPA
estmates that 1997 U.S. emissicns were 33.5
MMTCE (5.8 Tg) from narsl gas sysems and 1.6
MMTCE (0,27 Tg) from ocil sysiems (EPA, 1959).
EPA expects emissions from oii systerns io remain
near 1997 levels through 2020. The baseline emissicn
forecast is 38.8 MMTCE (6.8 Tg) fom neqral gas
syste::hs in 2020 (Exhibit 1-4). The incresse esuits
from higher consumption of natural pas and expan-
sions of the natural gas system.

Biomness Burning. Biomass burning releases gresn-
touse gases, including methane, but is pot 2 major
source of 1.5, methane emissions. In 1994, biomass

4,5, Environmestal Prolection A@m@ - Seniemier 1952 000109

woridwide (IPCC, 199

3). ERA estimates that U.S.

emissions Tom this souwrce were 0.2 MMTCE (0.03

Tg) in 1997 and that
through 2020 (EPA, 19

1 amdfils. Tanciil m
matesiais are gecompo
conditions. In 1994, 1
(40 Tg) of methane
estmates that US. e
6.7 MMTCE (116
baseiine forecast is 41.

emissions wiil remain stable
9). ‘ ‘
is produced when organic
by bacteria under anaerobic
diiils preduced 230 MMTCE
rdwide (IFCC, 1655). EPA
issions from this source were
Yy in 1697 (EFA, 15959). The
b MMTCE (7.2 Tg) frem US

landfiils in 2020 (Exhiit 1-4). Landfill methane is the

gnly U.S. scurce that
baseline cvar the foreg;
to the implementation g
Etangards and Crnissi
Rule) under the Clean
the Landfill Rule conty
that form mopespheric
o lower methane emil

is expected to deciine in the
it period.  This decline is due
f the Mew Scurce Performance

Cuicelines (the Lapdfil
s Act (March 1956). Whiie
jols gresmhouse gas emissions
bzone (smog), it aiso will lead
isions. The Loandfli]l Xule me-

guires largs landils «
lancfiil gss ernissions.

b collect and combust or use

Tpgi Mining, Methare is rapped within coal seams .
and the surrounding rogk sieta and is released duning
coal mining. Deceuse) methene is expicsive in low
concentrations, wndargiound mines sl vengiaticn
systems to vent methang directly to the amnosphere. In
1904, coal mining produced 170 MMTCE (30 Tg) of
rethane worldwide (IFICC, 1595). E2A sstimates that
U.3. emissions Tom this scurce were 18.8 MMTCE
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