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4  Natural Gas and Global Warming

Executive Summary

Natural gas has been touted as a “bridge fuel” 
that can help the United States and the 
world reduce emissions of global warming 

pollutants during the transition to truly clean sources 
of energy. The “bridge fuel” argument, however, 
hinges on a critical assumption: that the climate im-
pacts of natural gas are modest.

In recent years, a number of studies have challenged 
that assumption, finding that natural gas produc-
tion, transportation and storage results in major 
leaks of methane to the atmosphere that erode or 
nullify the climate benefits of shifting to natural gas. 
These findings should lead policymakers to reject 
natural gas as a “bridge fuel” and instead lead them 
to redouble America’s efforts to repower with 
truly clean energy from the sun, the wind and 
other renewable sources of energy. 

Methane is a powerful global warming pollutant.

•	 Methane, the primary component of natural 
gas, traps 86 to 105 times more heat in the 
atmosphere over 20 years than does the same 
amount of carbon dioxide. As a result, even small 
methane leaks during the production, process-
ing, storage and transportation of natural gas 
negate its low emissions of carbon dioxide during 
combustion.

Multiple studies, summarized in Table ES-1 and 
in greater detail in this report, find high methane 
leakage rates from both unconventional sources 
of natural gas, such as shale gas produced through 

fracking, and from conventional sources of gas 
that we’ve tapped for decades. 

•	 “Conventional gas” is produced from reservoirs 
trapped underground. “Unconventional gas” is 
trapped in porous rock such as shale or tight 
sands, which must be fractured to free the gas. 

•	 Aircraft-based air sampling over Colorado’s Front 
Range allowed researchers from the University 
of Colorado (CU) Boulder, the National Oceanic 
and Atmospheric Administration (NOAA), and 
the University of California, Davis to estimate 
that 4.1 percent of natural gas produced in the 
area escapes into the atmosphere. 

•	 In southwestern Pennsylvania, an area with 
extensive fracking activity, researchers from 
Purdue, Cornell, CU Boulder, Penn State and 
NOAA estimate that 7 percent of natural 
gas produced in the region escapes to the 
atmosphere. 

•	 High methane emissions don’t occur just from 
natural gas obtained through fracking. A team 
at Carnegie Mellon has calculated that from 
1985 to 1999—before the boom in high-volume 
hydraulic fracturing—global methane leakage 
rates could have been as high as 9.3 percent.

Several studies that have found a substantial 
global warming emission benefit from natural 
gas compared to other fossil fuels have used 
questionable assumptions or methodologies.
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•	 A study conducted by a team from the Universi-
ty of Texas, Austin that found very low methane 
leakage rates relied on data from a small number 
of wells that had been selected by oil and 
gas companies with an incentive to minimize 
estimates of leakage.

•	 That same study drew from Environmental 
Protection Agency emissions estimates that have 
been found to greatly underestimate emissions.

•	 A number of analyses that show modest 
emissions from natural gas make overly optimis-
tic assumptions about total lifetime gas produc-
tion from each gas well, compared to data from 

two different federal agencies. Overestimating 
lifetime production lowers the calculated life-
cycle emissions of electricity produced from 
natural gas. 

The rising doubts about the climate benefits 
of natural gas raise the level of urgency for 
the United States to implement clean, renew-
able sources of energy—such as solar and wind 
power—with unambiguous benefits for the 
global climate. In addition, the United States 
should slow efforts to develop gas resources 
using dangerous technologies such as fracking 
that have major impacts on public health and 
the environment.

Lead Author Publication Date Conventional Gas Unconventional Gas

Karion 2013   8.9%U
Caulton 2014   7%U
Howarth 2011 3.9% 5.8%
Howarth 2015 12%
Jeong 2014 5.3%  
Pétron 2014   4.1%
Pétron 2012   4.0%
Skone 2012 4.5% 3.9%
Hultman 2011 4.6% 2.8%
Peischl 2015 0.2%-2.8% 
Burnham 2012 2.8% 2.0%
Schwietzke 2014 2-4%  
Jiang 2011 2.2%  
Laurenzi 2013   1.4%
Stephenson 2011   0.7%
Allen 2013   0.4%U
Zavala-Araisa 2015 0.4%

The table shows the percentage of produced natural gas that is lost to the atmosphere. 

“U” indicates the methane leakage estimate is for “upstream” emissions from gas production and 
processing only. Therefore, total emissions—including “downstream” emissions from natural gas 
storage, transmission and distribution—are higher than listed here.

Table ES-1. Summary of Recent Studies Showing High Methane Emissions from 
Natural Gas (methane leakage as a percent of natural gas produced)
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Does Burning Natural 
Gas Benefit the Climate?

Natural gas has been promoted as a “bridge 
fuel” that can help the U.S. reduce global 
warming pollution by replacing coal-fired 

electricity generation, curb its dependence on oil, 
and buy time for the country to develop more wind, 
solar and other clean energy sources. However, 
recent studies raise serious doubts about the degree 
to which natural gas is less damaging to the global 
climate than other fossil fuels.

The “Bridge Fuel” Argument: Gas 
Reduces Carbon Dioxide Emissions
The argument that natural gas could be a useful tool 
to lower global warming emissions gained some ear-
ly prominence from a 2010 Massachusetts Institute 
of Technology study, funded in part by the natural 
gas industry, which modeled how gas might replace 
coal if the nation adopted policies to reduce global 
warming pollution.1 In his 2014 State of the Union ad-
dress, President Obama called natural gas “the bridge 
fuel that can power our economy with less of the 
carbon pollution that causes climate change.”2 Since 
then, the “bridge fuel” argument has persisted in the 
debate over natural gas’ role in our energy system.3

The argument that natural gas can help us reduce 
climate impacts rests on the fact that combustion of 
natural gas releases less global warming pollution 
than other fossil fuels. Burning natural gas to gener-
ate electricity produces less than half as much carbon 

dioxide as generating the same amount of electricity 
by burning coal.4 (In addition, natural gas-fired power 
plants produce less of the air pollution that threatens 
public health, such as nitrogen oxides, sulfur dioxide 
and mercury.) When used to power vehicles, natural 
gas releases 19 percent less carbon dioxide per mile 
than a gasoline-powered vehicle.5 

However, comparing the carbon dioxide emissions 
from burning natural gas and coal tells only part 
of the story. To truly evaluate the global warming 
impact of various fuels and energy consumption 
pathways, one must conduct life-cycle analysis that 
totals all forms of global warming pollution (not just 
carbon dioxide) released during production, storage 
and transportation of the fuel from extraction to the 
ultimate point of use. 

Methane Emissions and Varying 
Time Scales of Global Warming
While carbon dioxide emissions are the leading cause 
of global warming, other air pollutants also contrib-
ute to climate change to varying degrees and over 
varying lengths of time. 

Methane—the leading component of natural gas—is 
a global warming pollutant far more potent than car-
bon dioxide, but one that also does not last as long in 
the atmosphere. Over the course of 100 years, meth-
ane is 34 times more potent than carbon dioxide in 
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its heat-trapping ability.6 But over the course of 20 
years, methane has 86 to 105 times the global warm-
ing potential of the same quantity of carbon dioxide.7 

Typically, the 100-year timescale is used in assessments 
of the impact of various technologies and fuels on 
global warming. However, there are very good reasons 
to be equally concerned about the impacts of global 
warming pollution over shorter spans of time. 

Temperature increases over the next few decades 
have the potential to push the climate past “tipping 
points”—such as the release of methane deposits 
frozen in the ocean or in Arctic permafrost—that could 
trigger further warming. According to a United Nations 
analysis, continuing emissions of methane and black 
carbon (another global warming pollutant) at the 
current rate—regardless of whether carbon dioxide 
emissions are controlled—will cause a 2.7°F (1.5°C) 

temperature increase by 2030 and a 3.6°F (2.0°C) 
increase by 2045 or 2050.8 Warming of this magnitude 
could push the earth past climate tipping points.9 One 
analysis suggests that the earth could reach such tip-
ping points with 3.2°F (1.8°C) of warming.10 (See Figure 
1.) Keeping temperature increases below the level that 
could trigger additional warming can limit the amount 
of long-term warming that occurs. 

A critical way to limit short-term warming is to control 
methane emissions. According to the Intergovern-
mental Panel on Climate Change, over the next 20 
years, methane pollution will have nearly as much 
influence on the climate as will carbon dioxide.12 That 
means that to avoid reaching climatic tipping points 
in the next few decades, methane emissions matter 
as much as carbon dioxide—and the decisions we 
make about natural gas in the next 20 years will influ-
ence what happens to the climate in 100 years. 

Figure 1. Avoiding Climate Tipping Points Requires Immediate Reductions in Methane Emissions 11

Figure 1 shows observed global temperatures through 2009 and projected temperatures under 
several scenarios. The threshold for key tipping points is shown with yellow shading. Immediate 
measures to reduce in methane (CH4) and black carbon (BC) emissions are critical for slowing 
temperature increases in the next several decades (blue line). Curbing carbon dioxide (CO2) 
emissions is critical for limiting longer term temperature rise, but will not produce changes quickly 
enough to avoid reaching tipping points before 2050 (red line). 

for driving the current rate of global warming. At the 20-

year timescale, total global emissions of methane are

equivalent to over 80% of global carbon dioxide emis-

sions. And at the 100-year timescale, current global meth-

ane emissions are equivalent to slightly less than 30% of

carbon dioxide emissions [34] (Fig. 3).

This difference in the time sensitivity of the climate

system to methane and carbon dioxide is critical, and not

widely appreciated by the policy community and even

some climate scientists. While some note how the long-

term momentum of the climate system is driven by

carbon dioxide [15], the climate system is far more

immediately responsive to changes in methane (and other

short-lived radiatively active materials in the atmosphere,

such as black carbon) [41]. The model published in 2012

by Shindell and colleagues [41] and adopted by the Uni-

ted Nations [42] predicts that unless emissions of meth-

ane and black carbon are reduced immediately, the

Earth’s average surface temperature will warm by 1.5°C
by about 2030 and by 2.0°C by 2045 to 2050 whether or

not carbon dioxide emissions are reduced. Reducing

methane and black carbon emissions, even if carbon diox-

ide is not controlled, would significantly slow the rate of

global warming and postpone reaching the 1.5°C and

2.0°C marks by 15–20 years. Controlling carbon dioxide

as well as methane and black carbon emissions further

slows the rate of global warming after 2045, through at

least 2070 [41, 42] (Fig. 4).

Why should we care about this warming over the next

few decades? At temperatures of 1.5–2.0°C above the

1890–1910 baseline, the risk of a fundamental change in

the Earth’s climate system becomes much greater [41–43],
possibly leading to runaway feedbacks and even more glo-

bal warming. Such a result would dwarf any possible ben-

efit from reductions in carbon dioxide emissions over the

next few decades (e.g., switching from coal to natural gas,

which does reduce carbon dioxide but also increases

methane emissions). One of many mechanisms for such

catastrophic change is the melting of methane clathrates

in the oceans or melting of permafrost in the Arctic.

Hansen and his colleagues [43, 44] have suggested that

warming of the Earth by 1.8°C may trigger a large and

rapid increase in the release of such methane. While there

is a wide range in both the magnitude and timing of pro-

jected carbon release from thawing permafrost and melt-

ing clathrates in the literature [45], warming consistently

leads to greater release. This release can in turn cause a

feedback of accelerated global warming [46].

To state the converse of the argument: the influence of

today’s emissions on global warming 200 or 300 years

into the future will largely reflect carbon dioxide, and not

Figure 3. Current global greenhouse gas emissions, as estimated by

the IPCC [34], weighted for three different global warming potentials

and expressed as carbon dioxide equivalents. At the 10-year time

frame, global methane emissions expressed as carbon dioxide

equivalents actually exceed the carbon dioxide emissions. Adapted

from [34].

Figure 4. Observed global mean temperature from 1900 to 2009

and projected future temperature under four scenarios, relative to the

mean temperature from 1890 to 1910. The scenarios include the

IPCC [36] reference, reducing carbon dioxide emissions but not other

greenhouse gases (“CO2 measures”), controlling methane, and black

carbon emissions but not carbon dioxide (“CH4 + BC measures”), and

reducing emissions of carbon dioxide, methane, and black carbon

(“CO2 + CH4 + BC measures”). An increase in the temperature to

1.5–2.0°C above the 1890–1910 baseline (illustrated by the yellow

bar) poses risk of passing a tipping point and moving the Earth into

an alternate state for the climate system. The lower bound of this

danger zone, 1.5° warming, is predicted to occur by 2030 unless

stringent controls on methane and black carbon emissions are

initiated immediately. Controlling methane and black carbon shows

more immediate results than controlling carbon dioxide emissions,

although controlling all greenhouse gas emissions is essential to

keeping the planet in a safe operating space for humanity. Adapted

from [42].

8 ª 2014 The Author. Energy Science & Engineering published by the Society of Chemical Industry and John Wiley & Sons Ltd.

Methane and Natural Gas R. W. Howarth
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Life-Cycle Emissions from Natural 
Gas Matter over All Time Scales
Producing, processing, storing, transporting and 
distributing natural gas can all contribute to meth-
ane pollution. Compared to a liquid like oil, a gas like 
methane can escape from a pipeline or a valve with 
relative ease. A minor crack or a pinprick hole cre-
ates an opportunity for gas to escape. Natural gas is 
colorless and odorless (until mercaptan, which has 
a sulfurous smell, is added) and therefore leaks are 
hard to detect without special equipment.

Table 1 shows the activities and equipment involved 
in handling gas, all of which present opportunities 

for methane to leak and contribute to the life-cycle 
emissions of natural gas. Emissions from the well 
site and from processing natural gas are often called 
“upstream” emissions, while leaks from storage, trans-
mission and distribution are called “downstream” 
emissions.

For natural gas to be considered an unambiguous 
winner for the climate—and therefore, a useful 
“bridge fuel” —it should provide benefits in both 
the short term and the long term. Numerous studies, 
however, have cast doubt on whether natural gas use 
delivers climate benefits over a 20-year timeframe, 
while a few suggest that even the benefits over a 
100-year timeframe may be minimal. 

Pre-production Production Processing
Transmission & 

Distribution

Drilling Separators Gathering lines Pipeline leakage

Well construction Engines Pneumatic devices Engines/turbines

Hydraulic fracturing* Pneumatic devices Fugitives Meters

Completion flowback* Liquids unloading Engines/turbines  

Wastewater transport and 
reinjection or treatment

Refracturing/
recompletion* Heaters  

 
Chemical injection 
pumps Gas treatment  

 

Storage tanks (NG 
liquids, produced 
water, oil)

Storage tanks (NG 
liquids, produced 
water, oil)  

 

Compressors 
and compressor 
blowdowns

Compressors 
and compressor 
blowdowns  

 
Vessel and pipeline 
blowdowns    

  Heaters    
  Dehydrators    
  Flares    

 
Fugitives

   

Table 1. Numerous Activities and Equipment Add to the Life-Cycle Global Warming 
Impact of Natural Gas. Table from Heath et al.13

* Indicates activities/equipment unique to fracking.
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Recent Studies Show High 
Methane Leaks 
When production of natural gas through the use of 
high-volume hydraulic fracturing expanded in the 
mid-2000s, little research had been conducted on 
the full impacts of this gas production method. As 
the practice spread to tens of thousands of wells 
across the United States, researchers began to look 
at the global warming impacts of natural gas pro-
duced through fracking—and to take a new look at 
gas production from conventional sources. 

The first assessment of the life-cycle global warm-
ing impacts of unconventional gas production—gas 

trapped in shale, tight sands or coalbed meth-
ane—was published in 2011 by professors at 
Cornell University. That study’s lead author, Robert 
Howarth, noted in a later journal article that, as 
of 2011, little research had been conducted on 
the life-cycle emissions of conventional natural 
gas, either.14 In the years since, there have been 
numerous studies of life-cycle emissions of both 
unconventional and conventional natural gas, rais-
ing doubt about the degree to which natural gas, 
regardless of its source, provides a benefit for the 
climate. 

Howarth and his colleagues estimated that 3.8 
percent (with a range of 1.7 to 6 percent) of 

Photo: Stephanie Gaswirth/USGS

Fugitive emissions released when a well is drilled are just one source of 
methane pollution from natural gas.
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conventional natural gas is lost to the atmosphere 
and that 5.8 percent (with a range of 3.6 to 7.9 per-
cent) of gas obtained from shale formations is lost.15 
Based on these rates, U.S. natural gas production 
would have leaked 1.5 trillion cubic feet of methane 
in 2014, resulting in 100-year global warming poten-
tial equivalent to 956 million metric tons (MMT) of 
carbon dioxide or 251 coal-fired power plants.16 The 
20-year global warming potential (for which methane 
is much more potent) of this quantity of leaked meth-
ane is equivalent to 2,418 MMT of carbon dioxide, or 
more than the amount of carbon dioxide released 
by all U.S. electricity generation in 2014.17 In a paper 
revisiting his 2011 study and evaluating its findings 
against more recent research, Howarth concludes 
that “both shale gas and conventional natural gas 
have a larger GHG [footprint] than do coal or oil, for 
any possible use of natural gas.”18 

A number of researchers have subsequently under-
taken extensive data collection efforts to document 
methane leaks and to better substantiate estimates 
of life-cycle emissions from natural gas. Many studies 
have found high methane leakage rates: 

•	 Data from an air sampling tower operated by the 
National Oceanic and Atmospheric Administration 
(NOAA) and air samples collected throughout an 
oil and gas field in Colorado’s Front Range showed 
methane emissions equal to 4 percent (with a 
range of 2.3 to 7.7 percent) of the natural gas 
produced in the region in 2008.19 

•	 Aircraft-based air sampling in May 2012 over 
the same region allowed researchers from the 
University of Colorado (CU) Boulder, NOAA and 
the University of California (UC), Davis to estimate 
a very similar leakage rate of 4.1 percent (with a 
range of to 2.6 to 5.6 percent).20 

•	 Flights over Uintah County, Utah, in February 
2012 to collect data on methane leakage from 
natural gas fields allowed researchers from CU 
Boulder, NOAA and UC Davis to estimate that 8.9 
percent (with a range of 6.2 to 11.7 percent) of gas 

produced in the region is lost to the atmosphere.21 
The study did not estimate downstream 
emissions. 

•	 Researchers from Purdue, Cornell, CU Boulder, 
Penn State and NOAA measured upstream 
methane leakage in June 2012 over southwest-
ern Pennsylvania, an area with extensive frack-
ing activity. By combining their observations 
with industry-reported production data and an 
estimate of how much methane comes specifi-
cally from oil and gas production (in addition 
to livestock), the researchers estimated that 7 
percent (with a range of 2.8 to 17.3 percent) of 
natural gas produced in the region escapes to the 
atmosphere.22

•	 In a 2015 study, Howarth estimated that 12 
percent of shale gas production is lost to the 
atmosphere, based on a 2014 study by Oliver 
Schneising that relied on satellite data to estimate 
methane leakage from North American shale 
formations.23 Schneising’s study found that 
atmospheric methane concentrations in major 
shale-producing regions grew dramatically 
after 2008, a period of heavy shale oil and gas 
well development. In his 2015 study, Howarth 
notes that “satellite data provide the most robust 
estimates for upstream methane emissions from 
shale gas operations” because the variability 
of drilling site leakage rates limits the accuracy 
of short term analyses, both bottom-up and 
top-down.

•	 Another study using satellite-based measure-
ments documented a 30 percent increase 
methane emissions in the past decade, particular-
ly in the central U.S. where oil and gas production 
has increased.24 

These studies have not been without their critics. 
Regarding the 2008 estimate from Colorado’s Front 
Range, concern has been raised that the estimated 
leakage rate is not adjusted for background levels of 
naturally occurring methane in the atmosphere. In 
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reality, the critics argue, methane from oil and gas 
production is likely closer to 2 percent than 4 per-
cent.25 The authors themselves acknowledged that 
their study relied on “unverifiable assumptions” and 
revised their approach in their more recent study 
of the same area, producing results comparable to 
those of the initial study.26

Though the results from Uintah County have gen-
erally been accepted as accurate, they have been 
criticized as being unrepresentative of emissions 
nationally.27 The Pennsylvania findings have been 
questioned as possibly showing emissions from un-
used coal mines rather than active oil and gas wells, 
though the authors disagree.28 

Researchers at Carnegie Mellon University and the 
National Oceanic and Atmospheric Administration 
published new findings in June 2014 using a differ-
ent approach. The four authors used global methane 
and ethane measurements over three decades to 
estimate methane emissions from natural gas pro-
duction and use. Their conclusion is that methane 
emissions from the natural gas production life-cycle 
since 2000 have ranged from 2 to 4 percent globally, 
though they may have been as high as 5 percent 
from 2006 to 2011.29 

High methane emissions don’t occur just from natural 
gas obtained through fracking. The global data ana-
lyzed by the Carnegie Mellon team suggest that all 

Photo: Jeff Foster/Flickr/CC BY 2.0

Researchers are able to adjust atmospheric methane measurements to account 
for emissions from oil and gas production versus methane from livestock.
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natural gas production and use is problematic. From 
1985 to 1999—before the boom in high-volume 
hydraulic fracturing—the researchers estimate that 
methane emissions from the natural gas life-cycle 
could have been as high as 9.3 percent.30

A separate study of methane emissions in Cali-
fornia—where, the authors contend, the “oil and 
gas infrastructure is arguably subject to the most 
comprehensive emissions control regulations in the 
U.S.”—also found high emissions from conventional 
gas production. The authors estimated an upstream 
leakage rate of 5.3 percent for natural gas produced 
using conventional methods at wells containing 
both oil and gas in 2010.31 (Note that they included 
storage in their estimate of upstream emissions, 
even though storage typically is included as an 
element of downstream emissions.) The Lawrence 
Berkeley National Laboratory-based researchers 
obtained the best available data regarding produc-
tion, processing and transmission activities, and 
infrastructure in California, and applied a mix of 
state and national emissions factors to each stage of 
natural gas handling to arrive at their estimate. 

The results of these studies suggest that, on 
either a 20-year or 100-year timescale, the life-
cycle emissions of natural gas used for electricity 
production are significant enough to preclude 
natural gas as a useful tool to prevent the worst 
impacts of global warming. With even a relatively 
low leakage rate of 2 percent, annual methane 
leaked in the U.S. from natural gas production 
would have the 100-year global warming pollu-
tion equivalent of 86 million cars.32

Studies Showing Low Methane 
Leaks Have Important Limitations
Studies showing natural gas is bad for the climate 
due to high methane leakage rates have been 
contradicted by other studies showing more mod-
est methane emissions from natural gas.33 However, 
studies showing low methane leakage rates have 

serious limitations that raise questions about their 
conclusions.

In 2013, for example, a team led by Professor David 
Allen and other researchers from the University 
of Texas, Austin worked in collaboration with the 
Environmental Defense Fund and oil and gas com-
panies to measure methane emissions from selected 
drilling sites. The study reported very low average 
leakage rates and, when coupled with EPA estimates 
for methane emissions from other stages of natural 
gas production, led the researchers to conclude that 
methane leaks account for just 0.42 percent of gas 
production.34 This 0.42 percent leakage rate is just for 
production; once leaks from processing, transmis-
sion, storage, and distribution are accounted for the 
leakage rate is marginally higher, although still under 
2 percent. There are several important concerns with 
this study: 

•	 First, the emissions estimates were based on a 
small sample size (just 190 well locations or activi-
ties) and were carried out at facilities approved for 
study by oil and gas companies with an incentive 
to minimize estimates of leakage. Other research 
has suggested that a large share of fugitive 
emissions may come from a small number of 
faulty pieces of equipment—precisely the kinds 
of equipment likely to be screened out of a small, 
industry-approved group of wells.35 One study 
measured leaks from 75,000 individual compo-
nents used at natural gas well sites, compressor 
stations and gas processing plants, revealing that 
0.06 percent of the devices were responsible for 
58 percent of the documented pollution. And a 
2015 study of Texas’ Barnett Shale found that 19 
percent of methane emissions come from just 
2 percent of sites.36 In other words, even if more 
than 99 percent of components operate perfectly, 
emissions still can be high because of the failure 
of a handful of devices.37 As a result, Professor 
Allen’s study may document how low emissions 
could be in a best case scenario, not what 
emissions are in standard practice or on average.
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•	 Second, the EPA data from which downstream 
emissions were calculated after the gas left drilling 
sites likely underestimates emissions. A separate 
analysis by researchers from Stanford, the National 
Renewable Energy Laboratory (NREL), the Univer-
sity of Michigan and other institutions that 
compared measured emissions in multiple studies 
to EPA’s national greenhouse gas inventory found 
that actual emissions were 50 percent greater 
than reported in the inventory.38

•	 Third, the emission estimates could be missing 
other leak sources—for example, from abandoned 
wells. A 2014 study led by Mary Kang from Princ-
eton University measured methane flows from 
abandoned oil and gas wells in Pennsylvania.39 If 
leakage from these Pennsylvania wells is assumed 
to be representative of leakage from the approxi-
mately 3 million abandoned wells in the U.S., 
methane from abandoned wells could increase 
Allen’s estimate by more than 10 percent.40 Allen’s 
study and other studies that base emission 
estimates on short-term analyses of specific gas 
well components likely miss emissions that can 
only be found using broader and longer-term 
methodologies.

Another study attempted to overcome the limitations 
of individual research papers by standardizing and 
aggregating the results of many different analyses. 
The meta-analysis, conducted by researchers at NREL 
and an institute founded by NREL, CU Boulder and 
other prominent universities, includes eight diverse 
peer-reviewed studies plus one previous meta-anal-
ysis.41 The researchers harmonized the results of the 
studies by applying consistent power plant efficiency 
estimates, standardizing the estimated global warm-
ing potential of methane, converting all results to the 
same units, presenting the results based on 100-year 
impacts, and making other changes to enable full 
comparison of the studies. Of the eight studies in-
cluded, the researchers found methane leakage rates 
of between 0.66 and 6.2 percent.

The results of the NREL study are dependent upon 
the assumptions made in the source studies about 
the likely total production from each gas well, and 
those studies may have overestimated lifetime pro-
duction. Bringing a new well into production releases 
methane into the atmosphere. If a well produces 
copious amounts of natural gas over its lifetime, then 
the initial surge in emissions is spread over a large 
amount of electricity generation or other uses of 

Photo: Bill Cunningham/USGS

Every pipe joint, whether at a 
conventionally or unconventionally 
drilled well, has the potential to leak 
methane.
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natural gas, and the life-cycle emissions attributed 
to each unit of final energy consumption are rela-
tively low. But if a well doesn’t produce much gas, 
then those initial methane releases result in higher 
life-cycle emissions.

Multiple studies analyzed by the NREL researchers 
agree that the estimate of the total amount of gas 
likely to be produced from a well is one of the key 
assumptions in an analysis of life-cycle emissions 
from natural gas. Ian Laurenzi and Gilbert Jersey at 
ExxonMobil Research determined that projected 
total production per well was an influential factor in 
the outcome of their analysis, while Trevor Stephen-
son and his co-authors from Shell Global Solutions 
concluded that “emissions intensity is strongly 
affected by the ultimate recovery from a well.”42 
Researchers at Argonne National Laboratory came 
to a similar conclusion.43 

Many of the studies included in the NREL-led study 
assume greater gas production per well than is 
estimated by the U.S. Energy Information Admin-
istration (EIA) or the U.S. Geological Survey (USGS). 
For example, based on data for 222 Marcellus wells, 
Laurenzi and Jersey estimate the average Marcel-
lus well will produce 1.8 billion cubic feet of gas. 
In contrast, an analysis of EIA and USGS data by J. 
David Hughes, a geoscientist who worked with the 
Geological Survey of Canada for decades, shows 
that total recoverable gas from Marcellus wells may 
be lower. EIA estimates production from Marcel-
lus wells at 1.56 billion cubic feet per well, while 
USGS data provide a range of 0.129 to 1.16 billion 
cubic feet, 15 to 90 percent less than Laurenzi and 
Jersey’s estimate.44 Table 2 shows the gap between 
estimated gas production per well assumed in 
selected studies included in the NREL analysis, and 
the EIA and USGS estimates for those same shale 
plays. 

If shale wells are less productive than assumed in 
the studies used in the NREL analysis, the climate 
benefits of natural gas would be much reduced.

The EPA Likely Underestimates 
Methane Emissions 
Even the U.S. Environmental Protection Agency, 
which might be expected to have solid data, likely 
underestimates methane leakage. EPA’s 2013 green-
house gas inventory shows fugitive emissions equal 
to 1.3 percent of natural gas production.48 There are 
several reasons why EPA’s figures may be low.

First, the EPA relies on a bottom-up approach to 
measuring emissions, in which emissions estimates 
are based on measurements taken from specific 
instruments at well sites, rather than ambient meth-
ane concentrations around well sites.49 Research-
ers have found flaws in the tools used to measure 
bottom-up emissions. One recent study published 
in Energy Science & Engineering found that one of the 
primary EPA-approved tools for measuring methane 
releases, the Bacharach Hi-Flow Sampler, significant-
ly underestimates methane emissions in a variety of 
circumstances.50 Also, as noted before in this paper’s 
discussion of Allen et al., bottom-up approaches 
like the EPA’s are likely to underrepresent the emis-
sion impact of the small number of high-emitting 
components, or “super-emitters.”51 Top-down stud-
ies, in which methane is measured from towers or 
plane flyovers, are able to capture emissions from 
unexpected sources such as venting or faulty equip-
ment that wouldn’t typically leak at all. One 2013 
top-down study estimated that the EPA’s inventory 
underestimates total methane emissions nationally 
by a factor of 1.5 to 1.7.52

Second, many of EPA’s assumptions about emission 
rates and activities undertaken in the natural gas in-
dustry are from the early 1990s, when natural gas in-
frastructure and activities were quite different.53 The 
EPA has been self-critical for basing its methodology 
on a nearly 20 year old study, which the agency says 
“has a high level of uncertainty.”54 One recent study 
estimated that emissions from the gathering and 
processing of natural gas are nearly double those 
contained in the EPA’s Greenhouse Gas Inventory.55
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Selected

 
Estimated gas per well (billion cubic feet/well)  

studies 
included in          
Heath et al.

Shale 
play(s) Researchers’ 

estimate45

EIA
estimate46

USGS 
estimate47

Notes

Jiang et al. Marcellus 2.7 1.56 1.158

USGS estimate 
shown is high end 
of range.

Laurenzi & 
Jersey Marcellus 1.8 1.56 1.158

USGS estimate 
shown is high end 
of range.

Skone et al. Barnett 3.0 0.30 2.034

USGS estimate is 
mean potential 
from sweet spots.

Heath et al. 
(2012) Barnett 1.4 0.30 2.034

USGS estimate is 
mean potential 
from sweet spots.

Burnham 
et al.

Weighted 
average of 
Marcellus, 
Barnett, 
Haynesville 
and 
Fayetteville 3.5 2.67 2.617

EIA and USGS 
estimate shown 
is for Haynesville. 
Marcellus and 
Fayetteville are 
less productive 
per well.

Stephenson 
et al.

US shale 
gas 2.0 1.6 1.2

Unweighted 
average of 
productivity from 
10 shale plays 
listed in PCI.

Table 2. Comparison of Estimated Gas per Well in NREL-led Study versus Federal Estimates

Finally, the EPA approach relies on industry-
supplied activity data, which is not 
independently verified, and could lead to 
underreporting of emissions.56 

In short, while some studies show modest methane 
leakage rates from natural gas, the weaknesses and 
limitations of those studies do not provide the confi-
dence necessary to embrace the “bridge fuel” strat-
egy as a tool for addressing global warming.
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The Future Is Here: 
Truly Clean Energy

To avoid the worst impacts of global warm-
ing—and to keep global temperatures 
below critical tipping points—we must cut 

emissions from all sources swiftly. Unfortunately, 
the emission-reduction potential of natural gas 
is undermined by methane leaks and therefore it 
cannot serve as a reliable “bridge fuel” to help us 
curb fossil fuel emissions as other, less polluting 
sources are developed. That raises the urgency for 
the U.S. and the world to implement truly clean 
technologies (e.g., wind, solar, geothermal and 
energy efficiency) that can help us slash global 
warming pollution now and in the years to come.

The good news is that clean energy sources are 
widely available: 

•	 The U.S. has the potential to generate up to 
10 times more electricity from wind than is 
consumed in a year.57 

•	 America has enough solar energy potential to 
power the nation several times over. Every one of 
the 50 states has the technical potential to gener-
ate more electricity from the sun than it uses.58

•	 Geothermal energy is also available across the 
nation.59

Use of these clean energy sources is growing rapidly. 

•	 American wind capacity quadrupled from Decem-
ber 2007 to December 2015.60 

•	 American solar capacity grew by 50 times over the 
same period.61

With the right mix of policies to curb global warming 
pollution, thereby reducing fossil fuel use, and pro-
mote renewable energy technologies, the U.S. can 
take full advantage of its clean energy resources and 
slash global warming pollution. 
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