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“ Natural gas could be a win-win, if— and
this Is a big ‘if'—we do It the right way.”

—Fred Krupp, President, EDF



Five Areas of Needed Action

. Mandating greater transparency in industry

operations.

. Modernizing rules for well construction and

operation.

. Strengthening reqgulations for waste and water
management.

. Improving regulations to protect local and
regional air quality.

. Developing innovative strategies to reduce

community impacts. |



History of HD Engine Standards

Evolution of Onroad Diesel Emission Standards
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Significant Progress: PM Emissions
g/bHp-hr

Heavy Duty: PM Emissions
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Significant Progress: NOx Emissions
g/bHp-hr

Heavy Duty: NOx Emissions
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We Are Going the Wrong Way: GHGs

U.S. Freight Truck GHGs
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A Look at How NGVs Compare: 100
Year Scale

Greenhouse Gas Emissions Per MMBTU
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A Look at How NGVs Compare: 100
Year Scale
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End of pipe emissions aren’t whole story
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Scientific Review
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Greater focus needed on methane leakage
from natural gas infrastructure
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Matural gas is seen by many as the future ahlmerkaﬂ energy: &
fuel that can provide energy
gas emissionsin the process. However, there has also been confu
sion sbout the dimate implications of increased use of natural gas
for electric power and ransportation. We propose and illustrate
the use of tech waming & 3 mbust transpar-
ent way to compare the cumulative radiative forcing crested by
ahemative technologies fueled by natural gas and oil or onal by
using the best available esti of gr gas emi

from each fuel cycle (ie., production, transpu-mlun and use).
‘We find that a shift to compressed natural gas vehicles from gaso-
line or diesel vehicles leads to greater radiative forcng of the di
mate for B0 or 280 yr, respectively, before beginning to produce
benefits. Compressed natural gas vehickes could produce climate
benefits on all time frames if the wellto-wheels CH, leakage were
capped at a level 45-70% below cument estimates. By contrast,
using natural gas instead of coal for electric power plants can re-
duce radiative forcing immediately, and redudng CH, losses from
the production and transportation of natural gas would produce
even greater benefits. There is a need for the nall.ral gas industry
and science community to help obtain better em data and

A shift to natural gas and away from other fossil fuels is in-
creasingly plausible because advances in horizontal drilling and
hydraulic fracturing ies have greatly ex the
country’s extractable natural gas resources particularly by acces-
sing gas stored in shale deep underground (7). Contmry to pre-
vious estimates of CH, loses from the “upstream™ partions of
the natural gas fuel cycle (& 9), a rcent paper by Howarth et
al calculated upstream leakage rates for shale gas to be so large
as to imply higher Ifecyele GHG emissions from natural gas than
from coal (1), (87 Teve, disusses differences between our paper
and Howarth et al. ) Howarth et al. estimated CH; emissions asa
pereentage of CH, produced over the lifecycle of a well tobe 3.6—
79% for shale gas and 1.7-6.0% for conventional gas The EPAs
lateat estimate of the amount of CH, released becase of leaks
and venting in the natural gas network between production wells
and the local distribution network is about 570 billion cubic feet
for 2008, which corresponds to 2.4% of gross US natral gas
production {1 9-3.1% at a 95% confidence level) (6)' EPA's re-
ported uncertainty appears small considering that its current va-
lue is double the prior estimate, which was itself twice as high as

forincre ased efforts to reduce methane leakage in order to mink
mize the climate footprint of natural gas.

Wilh gmwing pressure to produce more domestic energy and
to reduce greenhouse gas (GHG) emissions, natural gas is
increasingly seen as the fossil fuel of choice for the United States
as it transitions to rencwablke sources. Rocent reports in the scicn-
tific literature and popular press hawe produced confusion about
the climate implications of natural gas (1-5). On the one hand, 2
shift to natural gas is promoted as cimate mitigation because it
has lower carbon per unit energy than coal or oil (6). On the other
hand, methane (CH,), the prime constituent of natural gas, is it-
sclf amore potent GHEG than carbon dioxide (OO0, ) CH, leakage
from the pmduction, transportation and wse of natural gas can
offset benefits from fuel-switching.

The climatic effect of rplacing other fossil fuels with natural
gasvaries widelyby sector (e.g., electricity generation or transpor-
tation} and by the fuelbeing replaced (e.g., coal, gasoline, or diesel
firel}, distinctions that have been largely lacking in the policy de-
hate. Estimates of the net climate implications of fuel-switching
srategies should be based on complete fuel cycles (e.g., “well-
to-wheels™) and account for changes in emissions of relevant ra-
diative forcing agents. Unfortunately, such analyses are weakened
Iy the paucity of empirical data addressing CHy emissions through
the natural gas supply netwark, he reafter referred to as CHy leak-
age.* The U S, Emnvironmental Protection Agency (EPA) mcently
doubled its previows estimate of CH, leakage from natural gas
aystems ().

In this paper, we dlustrte the importance of acoounting for
fucl-gyde CHy lkeakage when considering the climate impacts
of fucktechnalogy combinations Using EP&s csti CH,

the T sly accepied amount (9)

Comparing the climate implications of CH, and €O, emis-
sions is complicated becanse of the much sharter atmospheric
lifetime of CH, relative to CO,. On a molar basis, CH, produces
37 times more radiative forcing than €O, * However, because
CHy is oxidized to C0, with an effective lifetime of 12 yr, the
integrated, or cumulative, radiative forcings from equi-maolar
meleases of OO, and CH, eventually converge toward the same
value. Determining whether a unit emision of CH, is worse for
the climate than a unit of C0, depends on the time fmme con-
sdered. Because accelerated mtes of warming mean ecosystems
and humans have less time to adapt, increased CH, emisions
due to substitution of natural gas for coal and oil may produce
undesirable climate outcomes in the near-term.

The concept of global warming patential (GWP) is commanly
used to compare the radiative forcing of different gases melative

Autwr contetnion: RAA, SWWP, and SRR ascr; RAA porkrmed
sy BLAA, S WP, and SPH anatoad dity and RAA, SWE, |IW, WLC, and
SPH wiole the pages.
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emissons from the natural gas supply, we evaluted the radintive
forcing implications of three U.S.specific fuel-awitching scenar-
ins: from gasaline, diesel fuel, and coal to natural gas.
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Quantifies:

What It Will Take To Get
Sustained Benefits From
Natural Gas

Reveals Climate
Implications of Increased
Use for Electricity and
Transportation




Limitations of Global Warming Potential

« GWPs established to inter-compare radiative
forcing of GHG emission pulses at a single
point in time after emission (e.g., 20 or 100
years)

* Inadequate to capture time-dependent climatic
conseguences of Fuel/Technology choices
Involving emission streams of multiple GHGs

— We suggest: Technology Warming Potential
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Technology Warming Potential:
Natural Gas vs Gasoline

Technology warming potential
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Technology Warming Potential:
Natural Gas vs Diesel

Technology warming potential
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Summary: Technology Warming Potential

A. Gasoline car

1.5

14
13
12

11
1.0 |

B. Heavy-duty diesel

C. Coal power plant

09

Ol.h,..“_-...

el TN
0.8

0.7

0.6
0.5

Technology warming potential

20 40 60 80

100 120 140 160 180 200

20 40 60 80 100 120 140 160 180 200

Years after decision point

Fleet Conversion
- —— = Service-Life

20 40 80 100 120 140 160 180 200

1]




Leak rate affects time to climate benefits

A. Gasoline cars
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% Well -to-wheels natural gas leak rate

Leak rate affects time to climate
benefits

A. Gasoline cars B. Heavy-duty diesel
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