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Technical Approach

« Compare the cumulative radiative forcing of
natural gas to other fuels:

vs. gasoline for transportation
« Emissions from a fleet of gasoline cars vs. CNG-fueled cars

vs. diesel for transportation
« Emissions from a fleet of diesel vehicles vs. CNG-fueled
vehicles
vs. coal for electric generation

« Emissions from a fleet of new supercritical coal fired plants vs
new combined cycle natural gas plants
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Instantaneous

Radiative = IRF(tt) =
Forcing

in year t from

a leak of 1 kg

In year ;.

IRF for Methane:

IRF for CO,

Total Qmm left in the
atmosphere in year t X RE
from a leak in year t, .

Decays quickly. X ~100

Decays slowly. X 1
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Instantaneous Radiative Forcing Relative to 1 kg
CO2 in the Atmosphere
(= =]
N (o2}

Radiative Forcing

= wi CO2(t)

1 kg initially

= = CHA4(t) 0.01 kg initially

Time (years)
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Global Warming Potential (GWP)

« Compares the cumulative radiative forcing of a
gas (methane) over a fixed time horizon (TH),
relative to CO,:

"« GWP = CRFy, (TH) / CRF coy(TH)

Methane GWP varies with time horizon:

e owe

20 years 72
100 years 25
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Fleet

Cumulative

Radiative

Forcingin = FCRF(t) = { CRF(t|0) + CRF(t]1) + ...+ CRF(t|t) } X {Ann. Leak Size}
year t from a

from a fleet

established in

year zero.

FCRF for Methane: Starts fast but quickly reaches maximum rate
of increase.

FCRF for CO, ; Starts small, but keeps on accelerating.
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Ratio of Cumulative Radiative Forcing
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Emissions — Transportation Fuel

Vehicle CO2 (kg/mmBtu) 953.1 70.3
Vehicle CH4 (kg/mmBtu) 0.11 0.006
Upstream CO2 (kg/mmBtu) 9.4 189
Upstream CH4 (kg/mmBtu) 0.5 0.1

*Natural Gas: Upstream CO2 reflects well to pump, including CO2 from CNG compression assuming 0.6kWh/therm
(TIAX 2007 DRAFT Table 7-6); vehicle CH4 is assumed to be 20 times the gasoline value, based on Lipman and Delucchi
(2002); Upstream methane is the same as used in power plant case, but adds distribution system emissions. CNG
refueling emissions are not explicitly included, but may be insignificant (TRB 1998)

-Gasoline: National Energy Technology Laboratory. Values obtained from Excel spreadsheet model downloaded from
http://www.netl.doe.gov/energy-analyses/refshelf/detail.asp?publD=283 on April 27, 2011. Selected EPA RFS2 tailpipe
values (EPA November 2009 Profile under “Vehicle Operation” tab) and 2007 IPCC GWPs. Methodology described in
“Development of Baseline Data and Analysis of Life Cycle Greenhouse Gas Emissions of Petroleum-Based Fuels,”
DOE/NETL-2009/1346, November 26, 2008.

For both fuel cycles, the emissions factors are based on higher heat values (HHV)




‘sisAjeue s113N Ul pewnsse YMIA/BY 9°Z Jo anjen aueyiaw wealsdn ay} Jo %6z Ajuo ypm ‘(uoyjos |/ uey) sss| sonpoud
0} PaIAPISUOD duIW B woly 9'1) [e0d Asseb mo|, JO @sn 8y} paWwNSSe OLBUads suljeseq INQ “8njeA aueyjaw pajsnipeun,
(peonpoud YpIN 108381 0} 207 L Ad papIap) Z-S3 dlqeL YO 1-0dOS TLIN WOl sanjeA suoissiws 9d0S.

L3N Wolj udye)} a1om pasn sajey JeaHe

1102
Vd3 Wouj suoissiwe FHD yim pajepdn ‘ABojopoyiew (£002) '|e 1@ ojliweser Buimojo} 403 Aq padojansp sanjea JOON-

/89°8 86.'9 (UMI/NIG) Bjey JesH
9¢ 1€ (UMIN/BY) ¥HO weansdn
02 6'GE (UMIN/BY) 2OD wealisdn
/08 ige- - (UMIN/BY) 20D Jueld Jemod

«|e0D paziidA|nd 91949 pauiquio)

jeanuosadng maN seo) |einjeN MaN

sjue|d Jamod — suoissiw






