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FINDING THE FACTS:
WHAT THE EPA GREENHOUSE GAS INVENTORY SAYS
ABOUT METHANE EMISSIONS FROM NATURAL GAS SYSTEMS
Natural gas is poised to serve as a foundation fuel for the U.S. economy for decades to come. This
prospect has increased attention on methane emissions from natural gas systems. Methane is a
greenhouse gas with a global warming potential twenty times greater than carbon dioxide over a
hundred year timeframe. Understanding how much methane is released from natural gas production
and delivery systems is essential to assessing the climate effects of increased natural gas use.
In April 2013, the Environmental Protection Agency (EPA) released its annual Inventory of U.S.
Greenhouse Gas Emissions and Sinks with updated estimates for natural gas emissions. The update
lowered EPA’s estimate of methane emissions from natural gas systems by one-third relative to the
prior inventory. This analysis examines the current data to understand what revised methane estimates
suggest for natural gas as a low greenhouse gas fuel source.

EXECUTIVE SUMMARY
Updated estimates from the U.S. Environmental Protection Agency’s Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990-2011 demonstrate that methane emissions from natural gas systems are low,
and are on a continued declining trend. After revising its estimation data and methodology, EPA cut
natural gas system methane estimates by one-third compared with prior Inventories. The largest decline
in emissions came from new field production activity and related revised emissions data. The Inventory
shows that natural gas system methane emissions have declined by 10 percent during the last two
decades, even as the amount of natural gas produced in the U.S. has increased more than 30 percent.
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Figure 1
Downward Revision to EPA Estimates of Natural Gas System Methane Emissions
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Source: Inventory of U.S. Greenhouse Gas Emissions and Sinks, Environmental Protection Agency

KEY FINDINGS FROM AGA ANALYSIS OF EPA GHG INVENTORY


The Environmental Protection Agency (EPA) revised its estimates of natural gas system methane
emissions downward 33 percent for 2010, from 215.4 million metric tons of carbon dioxide
equivalent (MMTe) in the 2012 Inventory to 143.6 MMTe in the 2013 Inventory. Accounting for
the majority of the decline are revisions to methane emissions from field production, which
declined 55 percent to 57.2 MMTe. The key activities subject to the largest revisions were
completions and workovers with hydraulic fracturing and liquids unloading, which were
recalculated with new emissions data and activity factors.



Methane released from natural gas systems, which include field production, processing,
transmissions and storage, and distribution, accounted for 2.2 percent of all U.S. greenhouse gas
(GHG) emissions in 2011. Methane from distribution systems accounted for 0.4 percent of U.S.
GHGs in 2011.



The long-term trend for methane emissions from natural gas systems is downward. Annual
methane emissions have dropped 10 percent since 1990 and are 17 percent below the all-time
peak set in 2007.



Distribution system methane emissions have shrunk 16 percent since 1990, even as the industry
added 287,000 miles of distribution mains (an increase of 30 percent) to serve 17 million (30
percent) more customers.



The effective natural gas emissions rate per unit of natural gas production is 1.5 percent. This
includes methane emissions from natural gas systems along with methane emissions as a result
of natural gas production from oil wells. This emissions rate is lower than earlier estimates of
2.2 to 2.4 percent that were derived using data from prior EPA Inventories for 2009 and 2010.
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Between 2010 and 2011, total methane emissions from natural gas systems increased slightly by
0.8 percent while natural gas production (gross withdrawals from natural gas wells) climbed 8
percent.



Natural gas systems account for one-quarter of total methane emissions in the United States. In
2011, 145 out of the 587 MMTe (25 percent) of total economy-wide methane emissions were
from natural gas systems.



While natural gas systems only account for 25 percent of total annual methane emissions,
reductions in natural gas system methane emissions are responsible for three quarters of the
annual methane emissions decline since 2007. Economy-wide methane emissions have been
cut 31 MMTe since 2007; natural gas system reductions accounted for 75 percent (24 MMTe) of
this drop.



Expanding natural gas use provides a demonstrated path for reducing greenhouse gas emissions
now and well into the future. Natural gas use produces far fewer GHG emissions than coal or oil
on an energy-equivalent basis. This advantage is further enhanced by the efficient use of natural
gas in home appliances and industrial processes.



Based on the EPA estimates, for electric generation, total greenhouse gas emissions including
methane per MMBtu of natural gas consumed on a CO2-equivalent basis were 129 pounds in
2011, compared with 212 pounds for coal.



Due to the higher efficiency of natural gas combined cycle generation compared with coal-fired
boilers, natural gas emits 52 to 56 percent less GHG than coal for the same amount of
electricity.

OVERVIEW OF EPA INVENTORY
Since 1990, the Environmental Protection Agency (EPA) has developed estimates of greenhouse gas
(GHG) emissions in the United States and published them in its annual Inventory of U.S. Greenhouse Gas
Emissions and Sinks (Inventory). The Inventory covers all major and minor greenhouse gases, including
carbon dioxide (CO2), methane, nitrous oxides, and other lesser gases. EPA reports all emissions in units
of CO2 equivalence by weighting the different air emissions by their respective global warming
potentials relative to CO2 over a 100-year time horizon, thus accounting for the varying levels of
radiative forcing of each gas. For methane, the EPA uses a global warming potential of 21, which
remains unchanged for this analysis.1
In 2011, the EPA reports that United States greenhouse gas emissions were 6,702 million metric tons of
carbon dioxide equivalent (shortened to MMTe). Carbon dioxide from fossil fuel combustion
contributed 5,277 MMTe or 79 percent of the total and accounts for the vast majority of annual GHG
1

The EPA uses a global warming potential of 21 for methane in accordance with the International Panel on Climate
Change (IPCC) national inventory reporting guidelines. Higher global warming potentials have been published in
the literature, including in the third and fourth Assessment Reports from the IPCC. Using these higher factors
would increase the contribution of methane to relative to CO2. Nevertheless, given the overwhelming contribution
of CO2 emissions in the natural gas life cycle, even a significant upward change in methane’s global warming
potential would not undermine the GHG benefits of using natural gas relative to other fossil energy sources.
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emissions. Petroleum combustion at 41 percent accounts for the largest share of energy-related CO2
emissions, followed by coal at 35 percent and natural gas at 24 percent.
Methane emitted from agriculture, landfills, natural gas systems, petroleum production, and other
activities comprise the next largest source of GHG emissions in the United States each year. In 2011,
methane emissions were 587 MMTe or 8.7 percent of all U.S. GHG emissions.
Methane released from natural gas production, processing, transmission, storage, and distribution is
responsible for about one quarter of all methane released each year, or 145 MMTe out of the 587
MMTe total in 2011. By itself, natural gas system methane emissions contributed 2.2 percent of total
U.S. GHGs in 2011. The largest share of gas system emissions comes from field production at 40
percent, followed by transmission and storage (30 percent), distribution (19 percent), and processing
(14 percent). Historical emissions for natural gas systems are listed in Table 1.

Table 1
Methane Emissions from Natural Gas Systems (million metric tons of CO2 equivalent)
Stage

1990

2005

2007

2008

2009

2010

2011

Field Production
Processing
Transmission and Storage
Distribution
Total

60.8
17.9
49.2
33.4
161.2

75.5
14.2
39.5
29.8
159.0

83.1
15.2
40.8
29.3
168.4

76.4
15.9
41.2
29.9
163.4

61.9
17.5
42.4
28.9
150.7

57.2
16.5
41.6
28.3
143.6

53.4
19.6
43.8
27.9
144.7

Source: Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2011, Environmental Protection Agency

Total methane from gas systems has decreased significantly during the past two decades. New control
technologies and better industry practices have contributed to emissions reductions, even as annual
natural gas production and consumption have hit all-time record highs. Since 1990, absolute methane
emissions have declined 10 percent, even as production increased 32 percent. In 2007 emissions hit
their all-time peak. Since then, emissions have fallen 14 percent as natural gas production climbed 15
percent.
Looking at gas delivery, distribution system emissions were 27.9 MMTe in 2011, down 0.7 percent from
2010. Over the long-term, distribution system emissions have shrunk 16 percent since 1990, even as the
industry added 287,000 miles of distribution mains (an increase of 30 percent) to serve 17 million (30
percent) more customers. Most of the reductions have come from the increased use of plastic pipe
replacing older steel and cast iron.
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Figure 2
Contribution of natural gas systems to methane Reductions 2007 – 2011
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Source: Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2011, Environmental Protection Agency

Natural gas systems are responsible for the vast majority of declines in methane during the last five
years, outpacing improvements in all other sectors combined. Economy-wide methane emissions from
agriculture, landfills, and other activities along with natural gas declined by 37 MMTe since 2007. Of this
drop, natural gas systems were responsible for 29 MMTe or 76 percent to the total reduction. Figure 2
shows U.S. methane emissions declines and the natural gas system contribution between 2007 and
2011.

REVISIONS TO EPA ESTIMATES
New data has reshaped the view of methane emissions released from natural gas systems. In the 2013
Inventory, EPA revised its estimates of methane emissions from natural gas production sharply
downwards, resulting in a major drop in emissions for the entire natural gas value chain from prior
Inventories.
The new estimates are based on recalculations using updated emissions factors and activity data from a
variety of sources. The recalculations primarily affected emissions estimates from field production. In
particular, EPA made significant updates to two key activities: liquids unloading, and completions and
workovers with hydraulic fracturing. Input that EPA received came from four primary sources: the
formal public notice and comment process of the oil and gas New Source Performance Standards to
control volatile organic compounds; a stakeholder workshop on natural gas sector emissions estimates;
data submitted under subpart W of EPA’s Greenhouse Gas Reporting Program; and expert review of the
GHG Inventory.2 The revisions can be seen in Table 2.

2

Overview of Updates to the Natural Gas Sector Emissions Calculations for the Inventory of
U.S. Greenhouse Gas Emissions and Sinks: 1990-2011.
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Table 2
Revisions to Methane Emissions from Natural Gas Systems
(MMT CO2 Eq.)
2012
2013
EPA Estimate
Inventory Inventory
Stage
Field Production
Processing
Transmission and Storage
Distribution
Total

2010
126
17.1
43.8
28.5
215.4

2010
Revised
57.2
16.5
41.6
28.3
143.6

Change
to 2010
-54.6%
-3.5%
-5.0%
-0.7%
-33.3%

Source: Inventory of U.S. Greenhouse Gas Emissions and Sinks, Environmental Protection Agency

Field production methane emissions were subject to the largest revision, dropping 55 percent to 57.2
MMTe in 2010 between the 2012 and 2013 Inventories. The principal reason was an EPA recalculation
using new data for emissions from liquids unloading, estimates for which dropped from 85.6 to 5.4
MMTe in the 2013 Inventory. Partially offsetting these declines was EPA’s revised methodology for
estimating emissions from completions and workovers with hydraulic fracturing, which resulted in an
increase from 3.8 to 16.7 MMTe between the two inventories. With the addition of other minor
revisions, the end result was a major cut to methane from natural gas systems, overall down 33 percent
in 2010 between the 2012 and 2013 Inventories.
The new data shows that the contribution of methane from natural gas systems to total U.S. GHGs is
small and declining. EPA stated it will continue to revisit and revise estimates of these and other natural
gas system activities to reflect new and more robust data available. Planned improvements include
identifying where Gas STAR reductions can be further included, additional incorporation of the
Greenhouse Gas Reporting Program data, source-specific updates, and using new data collected by
industry, academia, and environmental groups.

CALCULATION OF METHANE EMISSIONS RATE OF PRODUCTION
What do these methane emissions mean in the context of rapidly growing natural gas production? To
examine this, the following analysis calculates an emissions rate of production, which is the average
amount of methane released for each unit of natural gas produced at the wellhead. This metric has
been used by a number of groups as a benchmark for natural gas system performance. The calculation
can be made using EPA methane emissions estimates for natural gas systems and annual natural gas
production volumes from the U.S. Energy Information Administration (EIA). The section that follows will
step through these calculations and derive a value for the emissions rate of production and examine
how it has changed over time.
Using the EPA 2013 Inventory, natural gas systems released 6,893 Gg of methane in 2011, which is
equivalent to 358 Bcf. This value includes emissions related to field production from natural gas wells
only. However, since 20 percent of natural gas produced in 2011 came from oil wells, it is appropriate to
account for methane emissions from these petroleum sources also. Therefore, we attribute a portion of
6
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methane emissions from petroleum production to the natural gas value chain based on the ratio of
natural gas to other produced liquids and gases from oil wells.3 The natural gas fraction of total energy
content (oil + natural gas) from oil wells was 34 percent that year.4 Applying this factor to total
petroleum system methane emissions, we attribute 25 Bcf of methane from petroleum production to
the natural gas value chain. Using EIA data for U.S. gross natural gas withdrawals of 28,479 Bcf in 2011
and assuming methane content of 90 percent for natural gas, we calculate:
[ (358 Bcf + 25 Bcf ) / 28,479 Bcf ] * (1 / 90%) = 1.5%
The calculated emissions rate of 1.5 percent is far below earlier estimates of 2.2 to 2.4 percent derived
using data from prior EPA Inventories for 2009 and 2010, and far below other studies that peg emissions
rate even higher.

Table 3
Historical Natural Gas Emissions Rate of Production
Natural Gas Emissions Rate of Production
1990 2005
2.2% 2.0%

2006
N/A

2007 2008 2009 2010 2011
2.0% 1.9% 1.7% 1.6% 1.5%

Sources: EPA 2013 GHG Inventory & EIA

Applying this methodology data from prior years, one can see that the emissions rate of production has
steadily decreased during the past two decades, down from 2.2 percent in 1990 (see Table 3). This
implies the natural gas system has improved 30 percent during the last two decades in terms of the
methane released for each unit of natural gas produced, processed, transported, and delivered to
consumers. Part of this improvement stems from evolutions within the industry such as improvements
to practices, advances in technology, and investments in lower emitting equipment and infrastructure.
This evolution is further evidenced by the shift toward unconventional resource production, which has
spurred the use of new extraction and control technologies. Furthermore, wider industry participation
in EPA’s voluntary program Natural Gas STAR has been instrumental in advancing cost effective
technologies and practices to control methane emissions. We anticipate that control technologies for
methane emissions will continue to improve and proliferate over time.

3

We assign a portion of petroleum system methane emissions related to natural gas production from oil wells is
attributable to the natural gas system. This contribution is small compared with combustion-related CO2 and
should be considered an upper bound since it is not clear that the petroleum system methane emissions would not
have occurred otherwise if marketable natural gas was not part of the oil well production. In many cases, the oil
well would likely still be produced and the non-marketed natural gas would have been vented or flared, thus
contributing to the petroleum system footprint and not the natural gas value chain.
4

Calculated using the gas fraction of total energy from oil wells. Gross natural gas withdrawal from oil wells was
5.9 Tcf in 2011. Crude oil production was 2.4 billion barrels. Energy equivalency conversions assumed: 1,027 cf /
MMbtu for natural gas and 5.8 MMBtu / bbl.
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POTENTIAL FOR NATURAL GAS SUBSTITUTION FOR COAL TO REDUCE GREENHOUSE GAS EMISSIONS
It is abundantly clear that expanding natural gas can be relied upon to reduce greenhouse gas emissions,
as demonstrated by the EPA estimates. The analysis that follows examines the relative GHG emissions
between coal and natural gas for electricity generation. It illustrates the potential of using more natural
gas to decrease greenhouse gas emissions when it’s used as a substitute for a higher-carbon fuel source.
These benefits are enhanced if natural gas is used in even higher-efficiency applications.
The first question to answer is how much greenhouse gas is associated with natural gas production,
delivery, and use. Full-fuel-cycle natural gas system GHG emissions includes methane from natural gas
systems, non-combustion CO2 emissions the natural gas system (mostly from gas processing), a fraction
of methane from petroleum production due to associated natural gas produced from oil wells, and CO2
from natural gas combustion.
In 2011, natural gas production, delivery, and use emitted 1,322 MMTe of CO2 and 145 MMTe of
methane (all values in CO2 equivalence). The natural gas fraction of energy produced from oil wells
implies an additional 11 MMTe of methane from petroleum production attributable to the gas value
chain emissions. Summing these contributions and dividing by the volume of natural gas consumed
gives 130 pounds of GHG per MMBtu of natural gas consumed in 2011.
We can see this ratio has improved over time. The GHG per unit of energy for natural gas was 135
MMTe or 4 percent higher in 1990. What is the reason for this change? Looking at the ratio of full-fuelcycle CO2 emissions to natural gas consumed, the CO2 contribution has actually increased very slightly
during this timeframe (up 0.2 percent), perhaps a consequence of increased use for electricity
generation relative to other sectors like direct use for heating in homes and buildings, the latter of which
tends to be much more efficient than burning gas in power plants. Improvements in natural gas GHG
intensity have, instead, come from reductions of methane from natural gas systems.
A similar analysis can be done for coal. Full-fuel-cycle GHG emissions from the coal value chain includes
methane from coal mining, methane from mines closed and abandoned, and CO2 from coal combustion,
the latter of which accounts for the vast majority of total coal-related GHG emissions. Carbon dioxide
emissions from the combustion of coal was 1,822 MMTe in 2011 and methane from the mining of coal
and abandoned coal mines contributes an additional 68 MMTe. Coal consumption in 2011 was 19.6
billion BTU. Summing the GHG contributions of coal and dividing by the coal energy consumed, the
GHG per unit of coal consumed was 212 lbs per MMBtu in 2011. The relative difference of coal and
natural gas GHGs per unit of energy consumed can be seen on the left side of Figure 3.
But this is only half of the story. So far all that has been compared are the GHGs from the consumption
of coal and natural gas. What is not included is the relative efficiency of how the fuel was consumed. In
other words, the value calculated so far is the fuel input into a system and does not account for the
relative combustion efficiencies of coal and natural gas applications and therefore the energy output.
Since most coal in the United States is used to generate electricity, it is appropriate to examine the
combustion efficiencies of electricity generation where the two fuels are substitutable. In this case, we
assume various efficiencies for a coal-fired boiler and a natural gas combined-cycled turbine. The results
are in units of GHGs in pounds of CO2 equivalence per megawatt-hour of electricity generated and found
in Figure 3.
8
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We see that natural gas-fired electricity generation produces far less GHG compared with coal, providing
further validation of the benefits of using natural gas to reduce GHG emissions, especially when used in
efficient applications. Using the emissions data already described, an advanced coal-fired generator (37
percent efficient) produces 572 pounds of greenhouse gases for each MWh of electricity generated. By
comparison, an advanced natural gas combustion turbine (51 percent efficient) produces 255 pounds,
56 percent less for the same amount of electricity. A conventional coal-fired turbine (32 percent
efficient) produces 670 pounds of GHG; a conventional natural gas combustion turbine (47 percent
efficient) produces 276 pounds. The conclusions therefore is that the use of natural gas to generate
electricity can result in less than half the greenhouse gas emissions than coal after accounting for all
emissions including methane. The right side of Figure 3 shows this comparison.

Figure 3
Comparison of Greenhouse Gas Emissions from Natural Gas and Coal
Greenhouse Gases per
Unit of Electricity Generated
(Lbs / MMBtu)

Greenhouse gas per Unit Energy Consumed
(lbs / MMBtu)
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The GHG benefits of natural gas are clear. As shown on the left side of Figure 3, the methane
component of full fuel cycle greenhouse gas emissions of natural gas is much smaller compared to the
CO2 emissions. Even a substantial increase in methane emissions or a higher global warming potential
attributed to these gases would not negate the benefits of utilizing natural gas instead of coal. And enduse efficiency matters. The right side of Figure 3 demonstrates how the GHG benefits of natural gas are
multiplied when the end-use efficiency is taken into account. Some natural gas application, such as
high-efficiency water or space heating, which have even higher efficiencies, would further multiply the
GHG benefits of natural gas.
The results presented here are similar to or consistent with other analyses that have compared full fuel
cycle emissions from coal- and natural gas-fired electricity generation. This includes studies from World
Watch5, ExxonMobil Research and Engineering Company6, the Joint Institute for Strategic Energy
5

“Comparing Life-Cycle Greenhouse Gas Emissions from Natural Gas and Coal”
http://www.worldwatch.org/system/files/pdf/Natural_Gas_LCA_Update_082511.pdf
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Analysis7, and others. The conclusion is that natural gas is an effective fuel for reducing greenhouse gas
emissions. Furthermore, the positive GHG attributes of natural gas would only be enhanced when it is
used in higher-efficiency applications such as space and water heating or combined heat and power
applications.

CONCLUSION
The analysis presented here characterizes new estimates for methane emissions and the implications for
the GHG profile of natural gas. The new Inventory data affirms a low methane emissions profile for
natural gas systems, as well as a declining trend in those same emissions.
Over the coming year, additional data from the EPA Greenhouse Gas Reporting Program will be
incorporated into its 2014 Inventory, adding important information to the existing body of data. In
addition, ongoing data collection and analysis from government, academia, and industry will be released
and help to better refine public understanding of natural gas methane emissions and the climate profile
of natural gas as a whole. Improved science and systematic data collection is essential to inform the
public debate about the effect of natural gas use on the climate and to support recognition of the
benefits of using natural gas to reduce greenhouse gas emissions. Therefore, to be prudent, the EPA
Inventory should be viewed as a marker that signifies directionally how new information better informs
understanding of the GHG profile of natural gas production and use.
In addition to improvements in estimated emissions from natural gas systems, actual reductions are
expected to continue. EPA air standards mandating industry adoption of reduced emission completions
(RECs) goes into effect in 2015 and will improve capture of methane at the wellhead. During the interim
fractured and refractured wells without RECs will be required to combust methane not captured,
suggesting further progress in reducing the production GHG footprint will be made prior to the effective
date of the rule. In combination with the existing trends discussed in this analysis, the signs point to a
continuously improving emissions profile of the natural gas industry.

6

“Life Cycle Greenhouse Gas Emissions and Freshwater Consumption of Marcellus Gas Shale”
http://pubs.acs.org/doi/abs/10.1021/es305162w
7
“Natural Gas and the Transformation of the U.S. Energy Sector: Electricity” http://www.jisea.org/natural_gas.cfm
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NOTICE

In issuing and making this publication available, AGA is not undertaking to render professional or other
services for or on behalf of any person or entity. Nor is AGA undertaking to perform any duty owed by any
person or entity to someone else. Anyone using this document should rely on his or her own independent
judgment or, as appropriate, seek the advice of a competent professional in determining the exercise of
reasonable care in any given circumstances. The statements in this publication are for general information
and represent an unaudited compilation of statistical information that could contain coding or processing
errors. AGA makes no warranties, express or implied, nor representations about the accuracy of the
information in the publication or its appropriateness for any given purpose or situation.
This publication shall not be construed as including, advice, guidance, or recommendations to take, or not to
take, any actions or decisions in relation to any matter, including without limitation, relating to investments
or the purchase or sale of any securities, shares or other assets of any kinds. Should you take any such action
or decision, you do so at your own risk. Information on the topics covered by this publication may be
available from other sources, which the user may wish to consult for additional views or information not
covered by this publication.
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