& PSE B2ty

SCIENCE SUMMARY

Methane Emissions from Modern

MAR
2014

Natural Gas Development

Methane is the second largest contributor to human-caused
global warming after carbon dioxide. The past few years have
seen major changes both in our understanding of the importance
of methane as a driver of global warming and in the importance
of natural gas systems as a source of atmospheric methane. Here,
we summarize the current state of knowledge on modern natural
gas development and its climate implications.

The importance of the decadal-scale and immediate
methane mitigation

Recent climate models!-2 show that global mean temperatures
will likely increase by 1.5 to 2 degrees Celsius within the next
20-35 years. Such an increase is expected to result in a 37%-
81% loss in existing permafrost?, a carbon store 2 times larger
than that currently in the atmosphere.? A large-scale release of
the carbon dioxide and methane stored in permafrost would
bring about accelerated warming and be irreversible on
human time-scales, i.c. a climate tipping point.>* Because
carbon dioxide remains in the atmosphere for centuries, signifi-
cant reductions in carbon dioxide emissions - even if such emis-
sion reductions were enacted — will not be enough to constrain
near-term temperature increases.! However, modeling shows
that immediate mitigation of short-lived climate forcing
species such as methane (and black carbon) may constrain
temperature increases for the next 40 years. (UNEP).

Table 1. USEPA methane emission estimates 2011-2014 for the
U.S. and natural gas sector. Methane emissions from the natural
gas sector account for an estimated 25%-33% of national emis-
sions in 2009. Based on 2009 U.S. natural gas withdrawals from
natural gas wells, default U.S. Composition (78% methane), and
EPA standard conditions (1 mol CH4 = 23.63 L) these emissions
represent 2.4% to 3.5% of natural gas production.

EPA 2011
686

EPA 2012
672

EPA 2013

Tg CO2e Total 604

Tg CO2¢e Nat Gas 221 221 151

% Tot Methane Nat cas 322 329 25

3.50% 3.40% 2.40%

% US natural gas production
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Figure 1. Measured atmospheric methane concentrations indicate
that inventories are underestimating methane emissions from the
natural gas sector and for the U.S. as a whole. Ratio > 1 (dotted
line) represents measured emissions in excess of USEPA inven-
tory estimates. The majority of measured fluxes indicate that
actual emissions are likely 1.5 times that reported in the inven-
tory. Triangle markers denote measurements taken from active oil
and gas basins. (Source: Brandt et al. 2014)

Methane, Natural Gas, and the U.S. National
Greenhouse Gas Inventory

The U.S. Environmental Protection Agency (USEPA) estimates
national methane emissions from U.S. industry and energy
sectors annually and tracks the trends in emissions over time. In
2011, USEPAS revised its estimate of methane emissions from
natural gas production to reflect higher emissions resulting from
unconventional natural gas development. After considerable
political debate, emission estimates for the natural gas sector
were revised downward in 20126 and again in 2013.7 Despite
these revisions, natural gas remained the largest source of
methane emissions in the national inventory (25-33% of U.S.
Methane emissions). Table 1 presents the estimated emissions
for year 2009 as reported by USEPA across three reporting years
and the percent of U.S. dry gas production (lifecycle leak rate)
associated with each estimate.

A growing number of independent scientific studies indicate that
USEPA’s revisions are moving in the wrong direction. A recent
review?® of data from observed atmospheric methane concentra-
tions indicates that actual emissions are likely 1.5 times
higher than inventory estimates (Fig. 1).
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Field-Level Methane Measurements

Pétron et al. (2012)° provided the first measured fluxes from an
unconventional gas field at the landscape scale, and reported a
“best estimate” of 4% (range of 2.3% to 7.7%) from production
and processing streams. Similar atmospheric sampling studies
for other modern gas and oil basins!®-!? indicate fugitive losses
from local production and natural gas processing ranging
from 3.7% to 17% of natural gas production (Fig. 2). Addi-
tional studies focusing on transmission and distribution streams
of the natural gas lifecycle are ongoing.

Relative Climate Impact

Several studies!#4!¢ have used detailed climate modeling to
assess the climate impact of modern natural gas systems and
infer a limit of fugitive losses within which gas may offer

18%

Fugitive Loss (% of production)

Figure 2. Range of methane losses from modern natural gas and
oil production across regions as calculated from atmospheric mea-
surements. Regions measured are TX-OK-KS (Miller et al. 2013);
Weld County, CO (Pétron et al. 2012); Los Angeles Basin, CA
(Peischl et al. 2013); Uintah Basin, UT (Karion et al. 2013); Mar-
cellus Shale, PA-WV-OH (Caulton et al. 2014).
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~ Figure 3. Maximum life-cycle losses from the natural gas sector

as a function of time until net climate benefit after substitution of
natural gas for coal in a single emission pulse (dashed), emissions
for the service life (50 years) of a power plant (dotted), and perma-
nent power plant fleet conversion (solid). Accounting for IPCC
2013 revised radiative forcing of methane drops the maximum loss
rate to 2.8% - a value far exceeded in all atmospheric sampling
studies.

climate benefit relative to other fossil fuels. Wigley (2011) found
a switch from coal to natural gas across all emission scenarios
(lifecycle losses of 0%-10% of production) resulted in warming
over the next 20+ years. Myrvold and Caldiera (2012) found that

(2034) a transition to gas would require 100 y or more to achieve just

25% reduction in warming. Alvarez et al. (2012) report a
maximum lifecycle methane emissions of 3.2%, above which
conversion to natural gas will exacerbate climate change.
Alvarez et al., however, use old IPCC values for the forcing
enhancements of methane. Adjusting their calculations to match
the most recent IPCC consensus indicates an emissions limit of
just 2.8% (Fig. 3) - a value already far exceeded in all 5 of
the field sampling studies from Fig 2.
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