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First analysis by EDF scientists on the 
importance of understanding methane leakage

Highlighted the need for the natural 
gas industry and science community 
to obtain better emissions data and 
develop solutions to reduce leakage

• Illustrated the importance of accounting for 

fuel-cycle CH4 leakage when considering 

fuel-switching scenarios

• With EPA’s estimates of CH4 leakage from 

natural gas production and delivery 

infrastructure, in addition to a modest CH4 

contribution from the vehicle itself - CNG-

fueled vehicles were not a viable mitigation 

strategy for climate change.

Paper released on April 9, 2012

Available at www.pnas.org/cgi/doi/10.1073/pnas.1202407109





Most recent example of the relevance of 
well-to-wheels fuel cycle assessments 

STUDY: Will Switch From Diesel Trucks to 
Natural Gas Reduce Greenhouse Impact?

• Unless leaks in gas value chain are fixed, 

decades of climate damage occur;

• Vehicle suppliers, fleet operators and 

policymakers should look to upstream 

cleanup

• New standards to improve truck efficiency and 

reduce on-board leakage also important

Paper released on May 19, 2015

Available at http://pubs.acs.org/doi/abs/10.1021/acs.est.5b00412
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Consider a shift from diesel to natural gas trucks 

At this line, both vehicles 
have similar climate impacts 

Climate Benefits



Consider a shift from diesel to natural gas trucks 
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Climate implications of methane



Climate implications of methane

These GWP values exclude effects 
from climate-carbon feedbacks and 
CO2 from CH4 oxidation.



Consider a shift from diesel to natural gas trucks 
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Consider a shift from diesel to natural gas trucks 
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What if natural gas trucks were as efficient as diesel 
trucks?
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What if there were no methane emissions at the 
vehicle level? 



What if there were no methane emissions 
upstream?
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What if we combine efficiency improvements and 
methane emissions reductions?



Camuzeaux et al., Environ. Sci. Technol., 2015; DOI: 10.1021/acs.est.5b00412 (Pump-to-Wheels
Emissions fixed at 0.6% and 1.0 for SI and HPDI cases, respectively)



Presentation Roadmap

1. Background on the importance of value 
chain leakage assessments

2. Changing value chain leakage 
assessments based on end use

3. EDF’s Scientific Efforts to Quantify 
Natural Gas Methane Leakage
– Completed

– Upcoming

4. Putting it all together
– Leakage science

– Relevance for California policies and the IEPR



Different Pathways for Each End Use





Natural gas and petroleum systems are 
the largest industrial methane source.

US EPA. Inventory of U.S. Greenhouse Gas 
Emissions and Sinks: 1990–2012 (April 2014)

http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html

© Jim Wilson



Source: Energy Information Administration, Office of Oil & Gas, Natural Gas Division, Natural Gas Transportation Information System.

Emissions assessments must take into account the source of the energy and 
the path it travels to reach its endpoint
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EDF Catalyzing
More Science 

16 Studies with Roughly 
100 Participants
• 4 Local Distribution,
• 3 Production,
• 3 Top-Down, and
• 6 Other

5 common principles:
• Led by academic scientists
• Employ multiple methodologies 

where possible
• Input from independent scientific 

experts
• Make all data public to ensure 

transparency
• Publish results in a peer reviewed 

journal

STUDY RESULTS THUS FAR:
http://www.edf.org/climate/methane-studies



EDF STUDIES BY SUPPLY CHAIN SEGMENT
(roughly 30 total papers)

1. NOAA Denver-
Julesburg

2. NOAA Barnett

4. UT Phase 1

5. UT Phase 2
• Pneumatics
• Liquid Unloadings
6. HARC/EPA

7. CSU Study
• Methods Paper
• Measurement 

Paper
• Modeling Paper

8. CSU Study
• Measurement 

Paper
• Modeling Paper

13. WVU Study

14. Pilot 
Projects

15. Gap 
Filling

16. Project 
Synthesis

Results public

Submitted, not yet public

Almost ready for submission

Not yet submitted

3. Coordinated 
Campaign (13 
papers)

11.  WSU 
Multi-City 

9. Methane 
Mapping

10. Boston 
Study

12. Indianapolis 
Study



Lessons Learned from the 
Studies Thus Far

• Significant emissions exist across the 
natural gas supply chain

• Smart regulations work

• Super-emitters exist

• Technology exists to reduce emissions



EDF Methane Studies (2012-2015)

Results of 10 studies publically available: 

– Production Study: Phase 1 
• Allen, David T. et al. "Measurements of methane emissions at natural gas 

production sites in the United States." Proc. Natl. Acad. Sci. U.S.A 2013, 
110,17768-17773 (DOI: 10.1073/pnas.1304880110)

– Production Study: Phase 2 
• Allen, David T. et al. “Methane emissions from process equipment at 

natural gas production sites in the United States: Pneumatic controllers.” 
Environ. Sci. Technol. 2015, 49, 633−640 (DOI: 10.1021/es5040156)

• Allen, David T. et al. “Methane emissions from process equipment at 
natural gas production sites in the United States: Liquid Unloadings.” 
Environ. Sci. Technol. 2015, 49, 641−648 (DOI: 10.1021/es504016r)

– Production Data Analysis

• Brantley, Halley L. et al., “Assessment of Methane Emissions from Oil and 
Gas Production Pads using Mobile Measurements” Environ. Sci. Technol. 

2014, 48, 14508-14515 (DOI: 10.1021/es503070q)



EDF Methane Studies (2012-2015)
– Denver-Julesburg Flyover Study 

• Pétron, Gabrielle, et al. "A new look at methane and nonmethane
hydrocarbon emissions from oil and natural gas operations in the 
Colorado Denver‐Julesburg Basin." Journal of Geophysical Research: 
Atmospheres 2014 (DOI: 10.1002/2013JD021272).

– Gathering and Processing (national implications still to 
come)

• Mitchell, Austin. L. et al. “Measurements of methane emissions from 
natural gas gathering facilities and processing plants: Part 2. 
Measurement results.” Environ. Sci. Technol. 2015, 49, 3219-3227 
(DOI 10.1021/es5052809).

– Transmission and Storage (national implications still to 
come)

• Subramanian, R., et al. "Methane Emissions from Natural Gas 
Compressor Stations in the Transmission and Storage Sector: 
Measurements and Comparisons with the EPA Greenhouse Gas 
Reporting Program Protocol." Environ. Sci. Technol. 2015, 49, 3252-
3261 (DOI: 10.1021/es5060258).



EDF Methane Studies (2012-2015)

– Boston Study
• McKain, Kathryn et al., “Methane emissions from natural gas infrastructure 

and use in the urban region of Boston, Massachusetts”
Proc. Natl. Acad. Sci. U.S.A 2015, 112,1941-1946 (DOI: 
10.1073/pnas.1416261112) 

– Multi-City Local Distribution Study
• Lamb, Brian K. et al. “Direct Measurements Show Decreasing Methane 

Emissions from Natural Gas Local Distribution Systems in the United 
States.” Environ. Sci. Technol. 2015, 49, 5161-5169 (DOI: 
10.1021/es505116p).

– EDF/Google Earth Outreach Methane Mapping Project
– Maps viewable at www.edf.org/climate/methanemaps

– Los Angeles area maps released on May 14, 2015

– Pilot Projects



This study measured methane emissions during production of 
natural gas—some of the first measurements ever collected from 
hydraulically fractured wells. Diverse methods were used to
directly measure methane emissions at well pads operated by 
nine cooperating U.S. natural gas companies. 

The study found: that methane emissions from equipment leaks 
and pneumatic devices were larger than previously thought. The 
study also found that techniques to reduce emissions from well 
completions are effective at capturing 99% of the methane that 
was previously vented to the atmosphere, providing a data-based 
example of EPA regulations working.

1. University of Texas-Austin 
Production study – phase I

Available at: http://www.pnas.org/content/110/44/17768



This study expands on results from the first UT study by collecting 
additional data from two important emission sources associated with 
natural gas production: 

1) liquid unloadings, when producing wells are cleared of water 
and other liquids inhibiting the flow of gas, and 
2) pneumatic controllers used to regulate routine functions at 
well sites. 

The study found: that emissions from two sources-- pneumatics 
and liquids unloadings—were responsible for a significant portion of 
methane emissions from the production sector.

2. University of Texas-Austin 
Production study – phase II

Available at: http://pubs.acs.org/doi/abs/10.1021/es5040156



EPA’s Office of Research and Development has collected fence 
line data on methane emissions at well production sites over 
several years EPA, HARC, and EDF, worked together to analyze 
the data further to investigate trends in production emissions. 
The report includes measurements from 210 production sites in 
the Barnett Shale and Eagle Ford regions of Texas, Colorado’s 
Denver- Julesburg Basin, and the Upper Green River Basin gas 
fields surrounding Pinedale, Wyoming from 2010 to 2013. 

The study found: that a statistical analysis of this data suggests 
unpredictable events, such as malfunctions and maintenance, 
have a strong influence on emission rates.

3. Houston Advanced Research 
Center and U.S. EPA

Study on production data

Available at: http://pubs.acs.org/doi/abs/10.1021/es503070q



CSU’s Engines and Energy Conversion Laboratory led an effort
to quantify national methane emissions associated with the 
natural gas industry’s gathering infrastructure and gas 
processing facilities. Researchers worked with six industry 
companies and used tracer gas releases to quantify methane 
emissions from this sector. 

Initial findings from the measurement report show: wide 
variations in the amount of methane leaking at U.S. gathering 
and processing facilities. Researchers with the study suggest 
leak detection and repair policies can be effective at minimizing 
emissions from these sources. A forthcoming paper will estimate 
nationwide leaks from this sector.

4. Colorado State Univ. and Carnegie 
Mellon Univ. 
Gathering and processing study

Available at: http://pubs.acs.org/doi/abs/10.1021/es5052809



Researchers measured methane emissions from Colorado’s most 
active oil and gas field using data gathered by aircrafts and 
compared the differences in atmospheric concentrations of
hydrocarbons upwind and downwind of production areas. 

The study estimated that: methane emissions that were three 
times higher than estimates derived from EPA data. 

The study also found that: levels of smog-forming VOCs were 
twice as high as EPA estimates, and Benzene levels were 7 times 
higher than previously estimated.

5. NOAA, CU-Boulder 
Denver flyover study, Colorado

Available at: http://onlinelibrary.wiley.com/doi/10.1002/2013JD021272/pdf



As part of a broader project (No. 5), scientists with the National 
Oceanic and Atmospheric Administration and the UC-Boulder’s 
Cooperative Institute for Research in Environmental Sciences 
are measuring atmospheric concentrations of hydrocarbons in 
order to quantify regional methane emissions in an active oil-and 
gas basin that includes infrastructure from production through 
distribution. The study includes modeling emissions from this 
sector under differing growth scenarios.

6. NOAA, UC-Boulder and Univ. of Mich.  
Barnett shale flyover study, Texas



EDF convened 12 diverse research teams in October 2013 to 
measure methane emissions in the Barnett Shale in Texas. This 
campaign used a variety of aircraft, vehicle and ground-based 
measurements to quantify methane emitted across the natural 
gas supply chain. Gathering this data with a variety of techniques 
allows us to compare methodologies and gain new insights, 
including better understanding the differences between top-down 
and bottom-up techniques.

7. Coordinated research campaign
Barnett shale basin study, Texas



This study estimates the amount of methane lost during long distance
transportation and storage of natural gas as it moves across the 
country in cooperation with seven industry partners. The initial 
measurements paper used downwind tracer gas methods paired with 
direct on site measurements to report variable emissions data from site 
to site. 

The paper confirms that: compressors and equipment leaks are two 
primary sources for the sector’s methane emissions. Researchers also 
developed a model to combine their measurements with data from 
EPA’s Greenhouse Gas Reporting Program to derive a national 
emissions estimate for this industry segment, that paper has not
yet been published.

8. Colorado State Univ., Carnegie 
Mellon Univ., Aerodyne Research 
Transmission and storage study

Available at: http://pubs.acs.org/doi/abs/10.1021/es5060258



WSU’s Laboratory for Atmospheric Research led a nationwide 
field study to better characterize and understand methane 
emissions associated with the delivery of natural gas. 
Researchers quantified methane emissions from facilities and 
pipes operated by 13 utilities in various regions. The data will be 
used to estimate emissions from distribution systems nationally. 

The study shows: that methane emissions from local natural 
gas distribution systems are significant, especially in regions 
such as the Northeast where distribution infrastructure is older, 
but that progress is being made in reducing emissions from these 
systems, mainly through regulation and investment by utilities.

9. Washington State University 
Multi-city local distribution study

Available at http://pubs.acs.org/doi/abs/10.1021/es505116p



Recognizing that detailed estimates of methane emissions from specific 
urban natural gas systems will provide important insights, Boston 
University, Duke University and Harvard University scientists developed 
an innovative tower-based quantitative technique for use in the urban 
environment. They conducted this work in the Greater Boston area 
where an old gas distribution infrastructure is believed to cause higher 
emissions rates than cities with newer infrastructure.

University scientists developed an innovative tower-based quantitative 
technique for use in the urban environment. 

The study found that: Boston’s methane emissions are more than two 
times higher than inventory data suggests, with a yearly average loss 
rate between 2.1 and 3.3 percent.

10. Harvard, Boston and Duke Univ’s with 
Aerodyne Research and Atmospheric and 
Environmental Research 

Boston local distribution study 

Available at: http://www.pnas.org/content/112/7/1941.abstract



To gain further regional insights of local distribution 
methane leaks, Washington State University is 
coordinating with the National Institute of Standards 
and Technology to measure methane lost from the 
gas utility infrastructure in Indianapolis, which is part 
of a broader NIST project.

11. Washington State Univ. 
Indianapolis local distribution 
study



Using mobile methane sensors, EDF partnered with 
Google to map methane emissions from pipelines 
under city streets. Led by researchers at Colorado 
State University, this method quantifies methane leaks 
from local distribution systems that utilities could use 
to identify and prioritize repair or replacement of leaky 
pipelines, not otherwise addressed as an immediate 
public safety risk.

As of May 2015, the project has mapped leaks in: 
Syracuse, Boston, Staten Island, Indianapolis, 
Burlington, parts of the Los Angeles basin.  (Chicago 

coming soon)

12. Colorado State University
Methane mapping

Maps are viewable at www.edf.org/methanemaps



Maps of 3 cities 
in the Los 
Angeles 
metropolitan 
area were 
released on 
May 14, 2015.  

12 (a). Colorado State University
Methane mapping in Los Angeles



• All cities mapped are in the SoCalGas territory – SCG has approx. 1 leak 
per every 4 or 5 miles

• Study confirms the super-emitter phenomenon exists in So. California –
the majority of leaks are rather small, but some leaks are very large  

• Some of the largest leaks observed in the entire multi-year study (5 other 
cities) have been found in the SoCalGas territory

• Under current policies, these leaks are allowed to persist – even though 
we know where they are and how big they are.  Study confirms California 
needs stronger leak reduction policies and a larger investment in new 
technology and better methods (ex. quantification for prioritization)

12 (a). Colorado State University
Methane mapping in Los Angeles



WVU’s Center for Alternative Fuels, Engines and 
Emissions is leading a study in cooperation with 10 
companies and a research organization to directly 
measure methane emissions from the operation of 
natural gas fueled medium- and heavy duty vehicles, 
as well as CNG and LNG refueling and maintenance 
facilities. The study includes modeling emissions from 
this sector under differing growth scenarios.

13. West Virginia University 
Pump-to-wheels study



The main objective of this effort is to address 
knowledge gaps not addressed by the other 
studies, including whether “superemitting” sites or 
sources produce a large share of emissions. Field 
work for this study was undertaken in late 2013.

14. Filling gaps, including super emitters



After the series of EDF-initiated studies are completed, 
EDF will engage stakeholders from across the projects 
to develop an integrated understanding of what was 
learned, including the development of an overall 
methane emissions rate across the natural gas supply 
chain.

15. Project synthesis



Three initial projects helped build the foundation for this research 
series. 
• University of Texas-Arlington collected methane data using mobile 

methane-sensing technology that helped inform the first UT study 
(No.1), as well as the Barnett Coordinated Campaign, and the 
methane mapping.

• Harvard, Duke and Boston University researchers experimented 
with tower-based sensing systems for making methane emissions 
estimates in an urban environment. This work led to the larger 
Boston study.

• University of Colorado-Boulder scientists conducted research to 
identify elevated levels of methane and hydrogen sulfide that 
provided insights or subsequent overflight work.

16. Pilot Projects



EDF Methane Studies (2012-2015)

Publishing still to come:
• Barnett Shale Flyover Study (in review, likely July)

• Barnett Campaign (in review, likely July)

• Pump-to-Wheels (in review)

• Indianapolis Study (in preparation)

• Gap filling projects (in preparation)

• Project Synthesis



3 Other studies of Interest



ICF Consulting Methane 
Cost Curve Report (March 2014)

Cost-effective 
solutions exist 
for oil and gas 
industry to 
reduce 
methane 
emissions

Available at www.edf.org/energy/icf-methane-cost-curve-report



Methane solutions area cost-effective

These GWP values 
exclude effects 
from climate-
carbon feedbacks 
and CO2 from CH4

oxidation.

ICF Analysis: 40% of emissions can be reduced for a penny per mcf of gas

Gas Distribution: $140.6
Capital Costs: $91.5
Gas Distribution: $140.6
Capital Costs: $91.5

Gas Transmission: $83.6
Capital Costs: $241.2
Gas Transmission: $83.6
Capital Costs: $241.2

Gas Production: $15.7
Capital Costs: $707.8
Gas Production: $15.7
Capital Costs: $707.8

Oil Production: $(4.1)
Capital Costs: $865.6
Oil Production: $(4.1)
Capital Costs: $865.6

Gathering and Boosting: $(29.7)
Capital Costs: $106.0
Gathering and Boosting: $(29.7)
Capital Costs: $106.0

LNG: $(3.7)
Capital Costs: $12.4
LNG: $(3.7)
Capital Costs: $12.4

Gas Storage: $(18.6)
Capital Costs: $42.1
Gas Storage: $(18.6)
Capital Costs: $42.1

Gas Processing: $(75.5)
Capital Costs: $85.3
Gas Processing: $(75.5)
Capital Costs: $85.3



Methane Jobs Report

2014  Report that identified 76 
companies nationwide – more than 
half small businesses – that 
manufacture methane controls or 
offer related services from over 500 
different locations across 46 states. 

Available at:
www.edf.org/methanejobs 



EDF Methane Detectors Challenge

The Goal:

• Catalyze the market for low-cost continuous methane detectors 
to limit leaks from O&G well pads and compressors

Approach:

• Define user (O&G company) needs
• Bring together tech supply and demand
• Provide rigorous independent testing
• Pilot best technologies and track results

Timeframe:

• RFP Released: April 3
• Response Due: June 17
• Testing Begins: July 2014 at Southwest Research Institute
• Industry Pilots: September 2015

EDF’s Industry Partners



Three quantification methods

• Direct measurements of components

– Quantification of flow rate and methane content

• Near-field measurements of plumes

– Tracer correlation

– Inverse dispersion modeling

• Regional measurements of well-mixed air

– Aircraft-based mass balance

– Tower-based inverse modeling



Emerging Insights

• Skewed distributions

• National/Global top-down studies suggest 
leakage likely in the range of 2-4%

– Regional variability evident

• Opportunities to reduce emissions

– Lower emitting equipment and practices

– Detecting and fixing malfunctioning equipment
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For additional information:

Timothy O’Connor
Senior Attorney, Director, California Climate Initiative
Email: toconnor@edf.org
Phone: (916) 492 - 4680
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