Still A Bridge to Nowhere: Methane Emissions and
the Greenhouse Gas Footprint of Natural Gas

Bob Howarth and Tony Ingraffea
The David R. Atkinson Professor of Ecology & Environmental Biology
and Dwight C. Baum Professor of Engineering Emeritus
Cornell University, Ithaca, NY USA

School of Civil & Environmental Engineering Seminar Series
Cornell University

April 14, 2015




U.S. dry shale gas production

shale gas production (dry)
billion cubic feet per day

40

35
= Marcellus (PA & WV)

m Haynesville (LA & TX)

30

m Eagle Ford (TX)

m Fayetteville (AR) 25
w Barnett (TX)

a Woodford (OK) 20
« Bakken (ND) 15

m Antrim (M1, IN, & OH)
m Utica (OH, PA & WV)
= Rest of US ‘shale’

10

o 5
2000 2002 2004 2006 2008 2010 2012 2014
Sources: EIA derived from state administrative data collected by Drillinglnfo Inc. Data are through August 2014 and
represent EIA’s official shale gas estimates, but are not survey data. State abbreviations indicate primary state(s).

o B - iy

0




shale gas production (dry)
billion cubic feet per day

Climatic Change
DOI 10.1007/s10584-011-0061-5
LETTER 3 5
Methane and the greenhouse-gas footprint of natural 30
gas from shale formations
A letter
Robert W. Howarth - Renee Santoro -
Anthony Ingraffea
Received: 12 November 2010/ Accepted: 13 March 2011
@© The Author(s) 2011. This article is published with open access at Springerlink.com 1 5
Abstract We evaluate the greenhouse gas footprint of natural gas obtained by high-
volume hydraulic fracturing from shale formations, focusing on methane emissions. 10
Natural gas is composed largely of methane, and 3.6% to 7.9% of the methane from
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Abstract We evaluate the greenhouse gas footprint of natural gas obtained by high-
volume hydraulic fracturing from shale formations, focusing on methane emissions.
Natural gas is composed largely of methane. and 3.6% to 7.9% of the methane from
shale-gas production escapes to the atmosphere in venting and leaks over the life-
time of a well. These methane emissions are at least 30% more than and perhaps
more than twice as great as those from conventional gas. The higher emissions from
shale gas occur at the time wells are hydraulically fractured—uns methane escapes
from flow-back return fluids—and during dnill out following the fracturing. Methane
is & powerful greenhouse gas, with a global warming potential that is far greater
than that of carbon dioxide. particularly over the time horizon of the first few
decades following emission. Methane contributes substantially to the greenhouse
gas footprint of shale gas on shorter time scales, dominating it on a 20-vear time
horizon. The footpnint for shale gas is greater than that for conventional gas or il
when viewed on any time horizon, but particularly so over 20 years. Compared to
coal. the footprint of shale gas is at least 20% greater and perhaps more than twice
as great on the 20-vear horizon and i comparable when compared over 100 years,
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Is natural gas a “bridge fuel?”

For just the release of carbon dioxide during combustion.....

g C of CO, MJ! of energy

Natural gas 15
Diesel oil 20
Coal 25

(Hayhoe et al. 2002)



Methane emissions — the Achilles’ heel of natural gas

e Natural gas is mostly methane.

e Methane is 2" most important gas behind human-
caused global warming.

e Methane is much more potent greenhouse gas
than carbon dioxide, so even small emissions matter.




Methane emissions

(full life-cycle, well site to consumer), shown chronologically
by date of publication (% of life-time production of well)

Conventional gas Shale gas

EPA (1996, through 2010) 1.1% -
Hayhoe et al. (2002) 38% 0 eeee-
Jamarillo et al. (2007) 1.0% -
Howarth et al. (2011) 3.8% 5.8%

(1.6 -6.0) (3.6 -17.9)




Cleratic (e
[N RO G RN DS R R TP

Methane and the greenhouse-gas footprint of natural
gus from shale formations
A letter

Robert W, Howarth - Renee Santoro -
Aunthony bugraffes

Revetvnd 12 Nowenvber 2001 Acgepand 13 Maset 011
Thae Amtben(a) 2003, Thicartate i pabtnbed with open sscas sl Springertist comn

Abstract Wo evaluate (he greendoose gas footpeim of natarsl gas obtamed by high-
vodgne hydraulic foseturiog from shale Sorme Socusang n il

Nutursd gas i composed begely of methane, and 34% 10 79% of the methane trom
whale-gn prodaction exsipes o the stmespheny in venting and hiaky over the life
time of & well These methane emssions wre at kes 3% moee Ban and perblags
ey thas twice s grest a0 thowe from conventional pes. The higher enmsions from
shale pas occur ot the time welds sre hydonbeally Boctured—as methane escapes
from flowhack retam (uds—and daring drill out following the fractanng. Methane
In a powerful preenbouse g, with o global warming potential that s far greates
than that of cubon dmods, paetewbirly over the time docizon of the first few
decades following emisdon. Methume contrilises sutrsantally to the greeshouse
g foonprnt of shale oo on shorter ime scakes, dominatieg o om » Xvear time
horos. The footprint for shude gas bs greses than that fur conventional ges or ol
whes viewal o any Lme horioom, et purtcubarly so onver 200 yean. Compared 1o
coal. the footpeint of shale gas In ot deoss 2% groater and porhops moce than twice
a groat on the 20-vear hootzon and is companible when compared cver [0 yean

Reymwoeds Methune - Greesdouse gasex- Odobul warming - Nutural gis - Shale gus -

Climatic Change

o
Vo bonidie ghew ol b asvs [iiss o be
D € suns snd bmpiomnees o U main g

13258, USA
Co b WA OFTY AT

LAY aw
93, LISA
£ 5poingm

Grams Carbon per MJ

75

60

45

30

15

high
methane
high
methane
low
methane
I methane

surface

20-year time frame

deep

B Methane
M Indirect CO2
W Direct CO2

Conventional
Shale Gas Natural Gas

Coal

Oil

!i})
E

Grams Carbon per MJ

75

60

45

30

15

100-year time frame

high

low methane
methane

high
methane
methane

surface

deep

I Methane
M Indirect CO2
W Direct CO2

Conventional

Shale Gas Natural Gas

Coal




Ehe New York Times

Poking Holes in a Green Image

Tom Zeller
April 11, 2011

“The old dogma of natural gas being better than coal in terms of greenhouse gas
emissions gets stated over and over without qualification,” said Robert Howarth, a
professor of ecology and environmental biology at Cornell University and the lead
author .........

“I don’t think this is the end of the story,” said Mr. Howarth, who is an opponent of
growing gas development in western New York. “I think this is just the beginning of the
story, and before governments and the industry push ahead on gas development, at
the very least we ought to do a better job of making measurements.”

The findings are certain to stir debate. For much of the last decade, the
natural gas industry has carefully cultivated a green reputation, often with
the help of environmental groups that embrace the resource as a clean-
burning “bridge fuel” to a renewable energy future.




| Person o i-Year

People who Mattered

Mark Ruffalo, Anthony Ingraffea,

Robert Howarth
By Bryan Walsh Wednesday, Dec. 14, 2011

The biggest environmental issue of 2011 — at least in the U.S. — wasn't global
warming. It was hydraulic fracturing, and these three men helped represent the
determined opposition to what's more commonly known as fracking. Anthony
Ingraffea is an engineer at Cornell University who is willing to go anywhere to talk
to audiences about the geologic risks of fracking, raising questions about the
threats that shale gas drilling could pose to water supplies. Robert Howarth is his
colleague at Cornell, an ecologist who produced one of the most controversial
scientific studies of the year: a paper arguing that natural gas produced by
fracking may actually have a bigger greenhouse gas footprint than coal. That
study — strenuously opposed by the gas industry and many of Howarth's fellow
scientists — undercut shale gas's major claim as a clean fuel. And while he's best
known for his laidback hipster performances in films like The Kids Are All Right,
Mark Ruffalo emerged as a tireless, serious activist against fracking — especially
in his home state of New York.




| Person o i-Year

People who Mattered

Mark Ruffalo, Anthony Ingraffea,

Robert Howarth
By Bryan Walsh Wednesday, Dec. 14, 2011

Other “People who Mattered” in 2011:

Newt Gingrich, Osama bin Laden, Joe Paterno,
Adele, Mitt Romney, Muammar Gaddafi,
Barack Obama, Bill McKibben, Herman Cain,
Rupert Murdoch, Vladimir Putin, Benjamin
Netanyahu...




What more has been learned or reported
in the past 4 years?

And how well has our original study fared?
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Abstract We evaluate the greenhouse gas footprint of natural gas obtained by high-

volume hydraulic fracturing from shale formations, focusing on methane emissions
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Observed globally averaged combined land and ocean

(a) surface temperature anomaly 1850-2012

e e
Annual average

D4

0.0

-0.2 : . LY \]

-0.6
l n " 3 3 i

-

osF ' =~ !
Decadal average

Temperature anomaly (°C) relative to 1961-1990

D4
02 -
Each of the past 3 decades =
has consecutively been T o —e
the warmest in past O =
120,000 years. 04 WHEN TTESamss
-D6
Rate of warming is the w0 180 'Y‘ T 200
ear

fastest ever on Earth.



Alhado -:ﬂanga
due o land use

Foabral

Chamnges i
B0l iradiance

Emilttead Reaulling Smosphanc - . : Level of
- e Radiative forcing by emissions and drivers confi3encs
| I | I
3 Cco, se]
S " ' | ipce
=
n HLO= | !
E CI-‘ CO, *';"" | | . climate chanee
B ! !
= Halo- — | 3 -~
8 carbons s ' "
E I I N
= | - =
2 NO MO | : , .

: - , e CLIMATE CHANGE 2013500
£ co ! : " “The Physical ScieHea Basis —
i o
=z ) 30 = :

HE MAVOIE ! | I . = = .
| |
§ NO | '
S - | :
3 Aercaois and | viners s ! :
B DIECUMSOn | Crandc corbon Elack corbon I
@ OInaral o | I

Srgarie caten | Cloud adjustments C |
and Siack cartony | due D GevosOls ' [ I
| !
| I
]
1
|
|

Total anthropogenic
RF relative to 1750




Eirilly Rasulting smospihers
v Al F driverns

Lewal of
confidence

Carbon Dioxide
Methane

ipcc

 Clmate chanee

o

e CLIMATE CHANGE 201355

-~

——

e 1116 Physical SCIBCe BasiS

P —
M "5 = = —

A=, N

£  Halo
®  carbons
E
4 MO MO
T co
¥
|
£ |= MRS
% |2
=
=
i NO
z =
-
E]
2 Aenosols and
E PreCursors | Oeganic seron Black carnon
& arel du
Crganic carter Ciowd sajustmants .
and Slack carton) | due 1D Serosols '
Alhedo change
due o land use
= Changas in
i B0l iradiance

Total anthropogenic
RF relative to 1750

1 0 1 2 3
Radiative forcing relative to 1750 (W m %)




Global greenhouse gas emissions, weighted by global warming potentials
(anthropogenic emissions, not total global fluxes)
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Dangerous temperatures (increased risk of climatic tipping points
and runaway global warming) in 15 to 35 years.

Controlling methane is CRITICAL to the solution!
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Carbon dioxide (CO2)

The two faces of Carbon

Emissions today will
influence climate for
1,000s of years

Because of lags in
climate system,
reducing emissions
now will have little
influence during next
40 years

Methane (CH4)

* Persists in the
atmosphere for only
12 years

 Only modest long-term
influence, unless
global warming leads
to tipping points in the
climate system

* Reducing emissions
immediately slows
global warming




Time frame for comparing methane and carbon dioxide:

e Hayhoe et al. (2002) 0 to 100 years

e Lelieveld et al. (2005) 20 & 100 years

e Jamarillo et al. (2007) 100 years
mmmssm) © Howarth et al. (2011) 20 & 100 years

e Hughes (2011) 20 & 100 years

e Venkatesh et al. (2011) 100 years

e Jiang et al. (2011) 100 years

e Wigley (2011) 0 to 100 years

e Fulton et al. (2011) 100 years

e Stephenson et al. (2011) 100 years

e Hultman et al. (2011) 100 years

e Skone et al. (2011) 100 years

e Burnham et al. (2011) 100 years

e Cathles et al. (2012) 100 years
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IPCC (2013): “There is no
scientific argument for
selecting 100 years compared
with other choices.”

“The choice of time horizon ....
depends on the relative
weight assigned to the effects
at different times.”
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Methane emission estimates:

Upstream Downstream Total
(well site) (storage, distribution, etc.)
Hayhoe et al. (2002), conventional 1.3% 2.5% 3.8%
EPA (2010), US average for 2009 0.16 % 0.9% 1.1%
Howarth et al. (2011), US average 1.7 % 2.5% 4.2 %
conventional gas 1.3 % 2.5% 3.8%
shale gas 3.3% 2.5% 5.8%
EPA (2011), US average for 2009 1.8 % 0.9% 2.7 %
conventional gas 1.6 % 0.9% 2.5%
shale gas 3.0% 0.9% 3.9%

EPA (2013), US average for 2009 0.88 % 0.9% 1.8 %




Methane emission estimates:

Upstream Downstream Total
(well site) (storage, distribution, etc.)

Hayhoe et al. (2002), conventional 1.3 % 3.8%
EPA (2010), US average for 2009 0.16 % 1.1%
Howarth et al. (2011), US average 1.7 % 4.2 %
conventional gas 1.3 % 3.8%
shale gas 3.3% 5.8%
EPA (2011), US average for 2009 1.8 % 2.7 %
conventional gas 1.6 % 2.5%
shale gas 3.0% 3.9%
EPA (2013), US average for 2009 0.88 % 1.8 %




Methane emission estimates:

Hayhoe et al. (2002), conventional

EPA (2010), US average for 2009 0.16 %) "*., A
L4

Howarth et al. (2011), US average
conventional gas
shale gas

1.7 %

1.3% o°
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Upstream Downstream Total
(well site) (storage, distribution, etc.)
1.3% 2.5% 3.8%
0.9% 1.1%

First re-analysis
by EPA since 1996 p %

2.5% 3.8%
2.5% 5.8%

Re-analyzed again,
under pressure from
industry, and ignoring
new data on emissions
from NOAA published in
2012




Methane emissions

(% of life-time production of well)

Conventional gas Shale gas
EPA (1996, through 2010) 1.1% -
Hayhoe et al. (2002) 38% -
Jamarillo et al. (2007) 1.0% = ----
Howarth et al. (2011) 3.8% 5.8%
EPA (2011) 2.5% 3.9%
Venkatesh et al. (2011) 2.2 % ----
Jiang et al. (2011) ---- 2.0%
Stephenson et al. (2011) 0.5% 0.7 %
Hultman et al. (2011) 2.3% 3.8%
Burnham et al. (2011) 2.6 % 1.9 %

Cathles et al. (2012) 1.8% 1.8%




Methane emissions

(% of life-time production of well)
Conventional gas Shale gas

EPA (1996, through 2010) 1.1% -

Many things to critique here....

But fundamentally, these are all just reinterpretations of
the same pretty limited data set.

Stephenson et al. (2011) 0.5 % 0.7 %
Hultman et al. (2011) 2.3% 3.8%
Burnham et al. (2011) 2.6 % 1.9 %

Cathles et al. (2012) 1.8% 1.8%




EPA estimates are “bottom-up” estimates,
summing known sources, and begin with

emission factors for these sources supplied by
industry.
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Abstruct We evaluate the greenhouse gas footprint of natural gas obtained by high-
volume hydraulic fracturing from shale formations, focusing on methane emissions
Natural gas is composed largely of methane. and 3.6% to 7.9% of the methane from
shale-gas production escapes to the atmosphere in venting and leaks over the life-
Springe time of a well. These methane emissions are at least ,‘~ll‘.'.v, more than and pcr!mpx
more than twice as great as those from conventional gas. The higher emissions from

1

shale gas occur at the time wells are hydraulically fractured—as methane escapes
from flow-back return fluids—and durning dnll out following the fracturing. Methane

One of our major conclusions in Howarth et al. (2011):
pertinent data were extremely limited, and poorly
documented.

Great need for better data, conducted by researchers
free of industry control and influence.




Ehe New York Times

Poking Holes in a Green Image

Tom Zeller
April 11, 2011

“The old dogma of natural gas being better than coal in terms of greenhouse gas
emissions gets stated over and over without qualification,” said Robert Howarth, a
professor of ecology and environmental biology at Cornell University and the lead author

“l don’t think this is the end of the story,” said Mr. Howarth, who is an
opponent of growing gas development in western New York. “I think this is just the
beginning of the story, and before governments and the industry push ahead on gas

development, at the very least we ought to do a better job of making
measurements.”

The findings are certain to stir debate. For much of the last decade, the natural gas
industry has carefully cultivated a green reputation, often with the help of environmental
groups that embrace the resource as a clean-burning “bridge fuel” to a renewable energy
future.




In 2013, White House Judged Our Work
Not Credible

“There were numerous studies on fugitive emissions of

methane. There was a very famous Cornell report which we looked at
and decided was not as credible as...well we didn’t think it was
credible, I'll just put it that way and it was over estimating fugitive

emissions.”

Former U.S. Energy Secretary Steven Chu
Sept. 17, 2013 while giving a speech at
America’s Natural Gas Alliance Think
About Energy Summit, Columbus, Ohio




Two Key 2014 White House Reports
Directly Address Methane Emissions

'Cllmate Change Impacts

THE WHITE HOUSE
5 i

CLIMATE ACTION PLAN
STRATEGY TO
REDUCE METHANE
EMISSIONS

MARCH 2014




Recent EPA National and International
Actions Concerning Methane Emissions

White Papers

White Papers on Methane and VOC Emissions

On April 15, 2014, EPA released for external peer review five technical white papers on potentially significant sources of
emissions in the oil and gas sector. The white papers focus on technical issues covering emissions and mitigation
techniques that target methane and volatile organic compounds (VOCs). As noted in the Obama Administration’s Strategy
to Reduce Methane Emissions (PDF) (15pp, 1.9 ME), EPA will use the papers, along with the input we receive from the peer
reviewers and the public, to determine how to best pursue additional reductions from these sources. Read a summary of
the white papers (PDF) (2pp, 282k)

The five white papers and peer review comments are posted below: Input from the public is being loaded to EPA’s
nonregulatory docket at www.regulations.gov, docket 1D # EPA-HQ-0AR-2014-0557

Global Methane Initiative

Global Methane Initiative




Peer-reviewed studies on methane emissions since April 2011

Upstream emissions from shale gas and other unconventional:
Petron et al. (2012)
Karion et al. (2013)
Allen et al. (2013)
Petron et al. (2014)
Caulton et al. (2014)
Schneising et al. (2014)
Peischl et al. (2015)

Downstream emissions (transmission, storage, distribution):
Lamb et al. (2015)
McKain et al. (2015)

Total average emissions (before shale gas boom):
Miller et al. (2013) — from widespread monitoring data
Brandt et al. (2014) — a review from many sources




Proceedings of the National Academy of Sciences of the United States of America

Toward a better understanding and quantification of

l methane emissions from shale gas development
Dana R. Caulton®, Paul B. Shepson®®, Renee L. Santoro®, Jed P. Sparks®, Robert W. Howarth®, Anthony R. Ingraffea®®,
<
V4
=9
[

Maria O. L. Cambaliza®, Colm Sweeneyf'g, Anna Karion“?, Kenneth J. Davis", Brian H. Stirm', Stephen A. Montzka®,
and Ben R. Miller"®

Departments of *Chemistry, ®Earth, Atmospheric and Planetary Science, and ‘Aviation Technology, Purdue University, West Lafayette, IN 47907; “Physicians,
Scientists and Engineers for Healthy Energy, Ithaca, NY 14851; Departments of “Ecology and Evolutionary Biology and “Civil and Environmental Engineering,
Cornell University, Ithaca, NY 14853; "National Oceanic and Atmospheric Administration, Boulder, CO 80305; SCooperative Institute for Research in
Environmental Sciences, University of Colorado, Boulder, CO 80309; and "Department of Meteorology, The Pennsylvania State University, University Park,
PA 16802

Flight MB-2 Raw CH, (ppm)

(= : - - CH, (ppm)
800 < : \
o o ~~ —— 26

—— ? — ) e
o : ==
) 600 W o N — \.‘/I ™
9 - o - — Vo
; . N Shegmes’ "N — 23 oy —
g 400 <4 \‘* - " S N ¥ 22
o 2 ~ ‘) Flight MB-2 Kriged CH, (ppm)
f-"; M ™ N, o 21 -
- : : i =3
- p——
- = ~ ; 20 300
200 4 . 4 ———
- P a"\ '
e o 519
_—
5 600
- U]
oWV'ernvvvy<"-v]wvvv-yvvvv]'vrvnﬁ RS N A R R AR A AL AR SARARAARAS RALNE ) <
e 4 2 Deitad 2 4 6 £
& 400
Horizontal Distance (km) §
<

200

Horzontal Distance (km)




BENAS

Proceedings of the National Academy of Sciences of the United States of America

Toward a better understanding and quantification of
methane emissions from shale gas development

Dana R. Caulton®', Paul B. Shepson®®, Renee L. Santoro®, Jed P. Sparks®, Robert W. Howartl_\d, Anthony R. Ingraffea®®,
Maria O. L. Cambaliza®, Colm Sweeney™9, Anna Karion™?, Kenneth J. Davis", Brian H. Stirm', Stephen A. Montzka’,
and Ben R. Miller®

Departments of *Chemistry, ®Earth, Atmospheric and Planetary Science, and ‘Aviation Technology, Purdue University, West Lafayette, IN 47907; “Physicians,
Scientists and Engineers for Healthy Energy, ithaca, NY 14851; Departments of “Ecology and Evolutionary Biology and “Civil and Environmental Engineering,
Cornell University, Ithaca, NY 14853; "National Oceanic and Atmospheric Administration, Boulder, CO 80305; SCooperative Institute for Research in
Environmental Sciences, University of Colorado, Boulder, CO 80309; and "Department of Meteorology, The Pennsylvania State University, University Park,
PA 16802

Significance

We identified a significant regional flux of methane over a
large area of shale gas wells in southwestern Pennsylvania in
the Marcellus formation and further identified several pads
with high methane emissions. These shale gas pads were
identified as in the drilling process, a preproduction stage not
previously associated with high methane emissions. This work
emphasizes the need for top-down identification and compo-
nent level and event driven measurements of methane leaks to
properly inventory the combined methane emissions of natural
gas extraction and combustion to better define the impacts of
our nation’s increasing reliance on natural gas to meet our
energy needs.




Some Imagery of
Methane Emission Sources

* Blowdowns from compressor stations™

* Blowdowns from pipeline pig and transfer
operations®

e Venting during drilling*
 Blowdowns from shut-in wells**

e Leakage from orphaned and abandoned
wells**
*In our opinion, EPA emission factor/activity under-estimated

**Not Included in EPA Emissions Inventory
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Key Points:

« Emissions of oil and gas industries
are constrained using satellite
observations

« Current inventories likely
underestimate fugitive methane
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Remote sensing of fugitive methane emissions from oil and
gas production in North American tight geologic formations

Oliver Schneising’, John P. Burrows'*?, Russell R. Dickerson?, Michael Buchwitz', Maximilian
Reuter’, and Heinrich Bovensmann'

TInstitute of Environmental Physics (IUP), University of Bremen, Bremen, Germany, 2Department of Atmospheric and
Oceanic Science, University of Maryland, College Park, Maryland, USA, 3NERC Centre for Ecology and Hydrology,
Wallingford, UK

Abstract In the past decade, there has been a massive growth in the horizontal drilling and hydraulic
fracturing of shale gas and tight oil reservoirs to exploit formerly inaccessible or unprofitable energy
resources in rock formations with low permeability. In North America, these unconventional domestic
sources of natural gas and oil provide an opportunity to achieve energy self-sufficiency and to reduce
greenhouse gas emissions when displacing coal as a source of energy in power plants. However, fugitive
methane emissions in the production process may counter the benefit over coal with respect to climate
change and therefore need to be well quantified. Here we demonstrate that positive methane anomalies
associated with the oil and gas industries can be detected from space and that corresponding regional
emissions can be constrained using satellite observations. On the basis of a mass-balance approach, we
estimate that methane emissions for two of the fastest growing production regions in the United States,
the Bakken and Eagle Ford formations, have increased by 990 + 650 ktCH, yr~' and 530 + 330 ktCH, yr~'
between the periods 2006-2008 and 2009-2011. Relative to the respective increases in oil and gas pro-
duction, these emission estimates correspond to leakages of 10.1% + 7.3% and 9.1% + 6.2% in terms of
energy content, calling immediate climate benefit into question and indicating that current inventories
likely underestimate the fugitive emissions from Bakken and Eagle Ford.
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Schneising et al. (2014) — “Remote sensing of fugitive methane emissions
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Sensor transition failure in the high flow sampler: Implications for methane
emission inventories of natural gas infrastructure

Air & Waste
Management
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Touché Howard®, Thomas W. Ferrara®” & Amy Townsend-Small®
Publishing models and article dates explained

» Accepted author version posted online: 24 Mar 2015

Abstract

Quantification of leaks from natural gas (NG) infrastructure is a key step in reducing emissions of the greenhouse gas methane (CH4 ),
particularly as NG becomes a larger component of domestic energy supply. The United States Environmental Protection Agency (USEPA)
requires measurement and reporting of emissions of CH4 from NG transmission, storage, and processing facilities, and the high flow
sampler (or high volume sampler) is one of the tools approved for this by the USEPA. The Bacharach Hi-Flow® Sampler (BHFS) is the only
commercially available high flow instrument, and it is also used throughout the NG supply chain for directed inspection and maintenance,
emission factor development, and greenhouse gas reduction programs. Here we document failure of the BHFS to transition from a catalytic
oxidation sensor used to measure low NG (~5% or less) concentrations to a thermal conductivity sensor for higher concentrations (from ~5%
to 100%), resulting in underestimation of NG emission rates. Our analysis includes both our own field testing as well as analysis of data from
two other studies (Modrak et al., 2012; City of Ft Worth, 2011). Although this failure is not completely understood, and although we do not
know if all BHFS models are similarly affected, sensor transition failure has been observed under one or more of these conditions: 1),
calibration is more than ~2 weeks old; 2), firmware is out of date; or 3), the composition of the NG source is less than ~91% CH4 . The extent
to which this issue has affected recent emission studies is uncertain, but the analysis presented here suggests that the problem could be
widespread. Furthermore, it is critical that this problem be resolved before the onset of regulations on CH4 emissions from the oil and gas
industry, as the BHFS is a popular instrument for these measurements.

Implications

An instrument commonly used to measure leaks in natural gas infrastructure has a
critical sensor transition failure issue that results in underestimation of leaks, with
implications for greenhouse gas emissions estimates as well as safety.
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Journal of Geophysical Research: Atmospheres B

RESEARCH ARTICLE  Quantifying atmospheric methane emissions from the
10-1002/20140B022697 Haynesville, Fayetteville, and northeastern Marcellus

Key Points: shale gas production regions
» CH, emissions from Haynesville,
FaYe“‘;‘Q:e' and Marcellus regions J. Peischl™?, T. B. Ryerson?, K. C. Aikin'?, J. A. de Gouw'?, J. B. Gilman'?, J. S. Holloway'?,
quanti 1,2 .3 1,2 1,24 : 1.2
- JCH, enissions dinillar to previcisiiy B. M. Lerner'?, R. Nadkarni>, J. A. Neuman'?, J. B. Nowak"?*, M. Trainer?, C. Warneke'?,
studied gas-producing regions and D. D. Parrish'
« CH, loss rates lower than previously
studied gas-producing regions 'Cooperative Institute for Research in Environmental Sciences, University of Colorado Boulder, Boulder, Colorado, USA,

“Chemical Sciences Division, NOAA Earth System Research Laboratory, Boulder, Colorado, USA, *Texas Commission on
Environmental Quality, Austin, Texas, USA, “Now at Aerodyne Research, Inc,, Billerica, Massachusetts, USA

Peischl et al. (2015) attribute their lower fluxes for the NE Marcellus
compared to our Caulton et al. (2014) estimates for SW Marcellus to dry
gas vs. wet gas: much higher emissions from wet gas.

Another possibility: non-steady state situation, with much lower drilling
and fracking activity at the time of their study (July 2013) compared to
that of Caulton et al. (June 2012). Emissions are normalized to
production, which was still reasonably high in 2013, but based on drilling
and fracking at a previous time.
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Methane (natural gas) leaks from tanks, pipelines, compressors, etc.

Naked eye Infra-red @

Methane is not visible to naked eye, but can be “seen” with infra-red cameras.

50



Bruce Gellerman, “Living on Earth,” Jan. 13,
2012, based on work of Nathan Phillips

http://www.loe.org/shows/segments.html?programID=12-P13-00002&segmentID=3



Pipeline accidents and explosions happen, due to large leaks....

..... Small leaks are ubiquitous.

500,000 -

Pipelines in US are old! I
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Flames consume homes during a massive fire in a residential neighborhood September 9,
2010 in San Bruno, California. (Photo by Ezra Shaw/Getty Images)




March 12, 2014 — 7 killed in explosion in NYC
(127-year old gas mains)




Methane emission estimates:

Upstream Downstream Total
(well site) (storage, distribution, etc.)
Hayhoe et al. (2002), conventional 1.3% 2.5% 3.8%
EPA (2010), US average for 2009 0.16 % 0.9% 1.1%
Howarth et al. (2011), US average 1.7 % 2.5% 4.2 %
conventional gas 1.3 % 2.5% 3.8%
shale gas 3.3% 2.5% 5.8%
EPA (2011), US average for 2009 1.8 % 0.9% 2.7 %
conventional gas 1.6 % 0.9% 2.5%
shale gas 3.0% 0.9% 3.9%

EPA (2013), US average for 2009 0.88 % 0.9% 1.8 %




Proceedings of the National Academy of Sciences of the United States of America

Methane emissions from natural gas infrastructure and
use in the urban region of Boston, Massachusetts

Kathryn McKain®®", Adrian Down®?, Steve M. Raciti®’, John Budney?, Lucy R. Hutyra®, Cody Floerchinger®,
Scott C. Herndon?, Thomas Nehrkorn”, Mark S. Zahniser?, Robert B. Jackson““*#*, Nathan Phillips®, and Steven C. Wofsy*®

*School of Engineering and Applied Sciences and "Department of Earth and Planetary Sciences, Harvard University, Cambridge, MA 02138; “Nicholas School of
the Environment and “Center on Global Change, Duke University, Durham, NC 27708; Department of Earth and Environment, Boston University, Boston, MA
02215; "Department of Biology, Hofstra University, Hempstead, NY 11549; Aerodyne Research, Inc., Billerica, MA 01821; hAtmosphenc and Environmental
Research, Inc., Lexington, MA 02421; and ‘School of Earth Sciences, Stanford Woods Institute for the Environment, and “Precourt Institute for Energy,
Stanford University, Stanford, CA 94305
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2.7% emission rate, which agrees with “lost and unaccounted for” gas data.
This gives some support for our use of “lost and unaccounted for” gas data.
Estimate is 2.5-fold greater than that derived from EPA approach for Boston.
Infrastructure in Boston (and most NE cities) is older than average for the

country, but on the other hand, this estimate does not include losses from
transmission pipelines.
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Direct Measurements Show Decreasing Methane Emissions from
Natural Gas Local Distribution Systems in the United States
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these new emission factors are for

meters, maintenance, and upsets, and current pipeline miles and
numbers of facilities, the total estimate is 393 Gg/yr with a 95% upper |
confidence limit of 854 Gg/yr (0.10% to 0.22% of the methane delivered
nationwide). This fraction includes emissions from city gates to the
customer meter, but does not include other urban sources or those
downstream of customer meters. The upper confidence limit accounts
for the skewed distribution of measurements, where a few large emitters
accounted for most of the emi This i is 36% to 70% less than the 2011 EPA inventory, (based largely on
1990s emission data), and reflects significant des at g and r ing stations, imp in leak detection and

PE e

maintenance activities, as well as potential effects from difierences in medmdolog;les between the two studies.

Emissions from local distribution pipes actually less than EPA estimates, due to
improvements by industry over past 20 years.

Did not look at storage and transmission pipelines, but would tend to support a
downstream emission estimate of less than 1%.




How to integrate upstream and downstream emissions?

For the time before the shale gas boom:

Miller et al. (2013, PNAS) used nationwide monitoring data on
methane in atmosphere (12,694 observations) for 2007-
2008, and compared with EPA bottom-up source estimates
spatially using inverse model.

They concluded EPA estimates were at least 2-fold too low for
emissions (before the shale gas boom).

Miller et al. (2013), PNAS: > 3.6%

Compare with Howarth et al (2011): 3.8% (+/- 1.2)
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How natural gas is
used effects the
greenhouse gas
footprint.

The largest use of
natural gas is for
heating.

integrated radiative forcing from using natural gas

integrated radiative forcing from using coal

generating electricity

—

] based on Howarth et al
emission estimates
7>;.“A7

—

/ based on Alvarez et al

» < emission estimates

I I 1 1

heating water at homes

based on Alvarez et al
emission estimates

> i
| / based on Howarth et al
/ »—<— emission estimates

/

T T T T

0 2 4 6 8
methane emission rate

1

Coal better than
natural gas

Natural gas
better than coal

{
1

Coal better than
natural gas

Natural gas
better than coal

l

Hong & Howarth, ms submitted; 20 year time frame; GWP from IPCC 2013



omiiute 8:::;:‘;;5 S.enS|t|V|ty af\aly5|s, comparing
o ot different estimates for
e methane emissions:
(lower limit)
Brandt et al
fow estimet) All show natural gas worse
(gt setme) than coal-generated electricity,
B at the 20-year averaged time
scale..... Much worse so in
Howarth et al heating water
(conventional) at homes MmMany cases.
Howarth et al
(shale)
rotal Not an argument for coal.... An
— argument against natural gas
(low estimate) °
as a bridge fuel.
Brandt et al
(high estimte)
Schneising et al
(sl We need some other path.
’ L!egrateld radiativezforclng frc?m using n:!ural 515.5
integrated radiative forcing from using coal

Hong & Howarth, ms submitted; 20 year time frame; GWP values from IPCC 2013






''''''

Yesterday’s fuel

toxﬁnowheré

So what should m : l”,g
our energy g
future be?




Powering New York and California with no fossil fuels,
largely by 2030, using only current technologies
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Our Energy Plan for New York State
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Howarth-Marino
household is 100%
carbon neutral, with
geothermal heating and
renewable electricity.

Half of our driving is by
electric car.




Ingraffea New Home Under Construction to




Some concluding thoughts:

Our April 2011 paper began a serious inquiry into the greenhouse gas
consequences of shale gas and conventional natural gas.

New studies continue at a rapid pace, but growing evidence shows natural
gas to be no bridge fuel.

Urgent need to reduce methane emissions, to slow down arrival time of
potential tipping points in the climate system.

We must also control carbon dioxide emissions, because of consequences
running 1,000s of years into the future.

We should embrace the 215t Century, and power our economy on
renewable energy and use energy efficient technologies (electric vehicles,
heat pumps) rather than fossil fuels.
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