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Today I read for the first time an advance copy of the paper by Allen et al. that will soon be
released in the Proceedings of the National Academy of Sciences. I am pleased to finally see
this study published. For much of the past year, the Environmental Defense Fund (who together
with many oil and gas companies funded this work) has promoted this effort as an important step
forward in understanding the emissions of methane from the development of natural gas in
general and shale gas in particular.
For context, very little attention was given to the importance of methane emissions as part of
shale gas development before April of 2011 when I, together with colleagues Renee Santoro and
Tony Ingraffea of Cornell, published the first ever peer-reviewed assessment of the greenhouse
gas footprint of shale gas that included methane emissions. We noted that publicly available data
on these emissions were sparse and poorly documented. We used the best available data, and
tentatively concluded that upstream emissions (those at the well site) were probably in the range
of 0.2 to 2.4% of the lifetime production of a gas well for conventional gas and 2.2 to 4.3% for
shale gas. We also estimated that an additional 1.4 to 3.6% of the lifetime production of a well is
released from midstream and downstream emissions in processing units, pipelines, storage
systems, and distribution systems before the gas is finally burned by consumers. If these levels
of emissions are in fact generally true, natural gas in general and shale gas in particular is a
disastrous fuel, since methane is a greenhouse gas of far greater potency than carbon dioxide.
A major call from our April 2011 paper was for direct measurements of methane emissions by
independent scientists. Amazingly, few such studies had been conducted over the preceding
decades, and most of the extremely-limited available information was coming from industry
sources, usually unverified and undocumented. I am delighted to report that many scientists
have taken up the challenge of measuring methane emissions in the short time since our paper
came out 29 months ago.
The EDF and industry-funded study by Allen and colleagues is one of these new studies. So far,
I have only seen the preprint of their paper to be published soon, and I have not had access to any
of the supporting on-line documents. But with that qualifier, I believe Allen et al. have done a
fine job of characterizing emissions in the sites they have studied. Their conclusion is that

upstream emissions are low, 0.42% of natural gas production (lower than we estimated for shale
gas back in our April 2011 paper, and towards the low end of what we estimated for
conventional natural gas).
This is good news. It suggests that the oil and gas industry – when sufficiently motivated – can
produce natural gas with modestly low emissions. There are a couple of caveats, however.
First, this study is based only on evaluation of sites and times chosen by industry. The
Environmental Defense Fund over the past year has repeatedly stated that only by working with
industry could they and the Allen et al. team have access necessary to make their measurements.
So this study must be viewed as a best-case scenario. Perhaps when industry is motivated,
methane emissions can be kept to this relatively low level.
Second, many other scientists have proven over the past 2 years that you can measure methane
emissions from gas development without industry cooperation, for instance by using aircraft to
fly over operations. Many studies have now been published, and many more presented at
national scientific meetings, on methane emissions using techniques which capture the emissions
at regional scales and do not require industry permission to sample. The National Oceanic and
Atmospheric Administration (NOAA) laboratory in Boulder, CO, has been a very important
player in this work, but other labs including many academic institutions have also been pursuing
this line of research. All of these studies are reporting upstream emission estimates that are 10to 20-fold higher than those reported in this new paper by the Allen and colleagues. Most of
these other estimates from NOAA and independent non-industry funded academics are in fact at
the upper end of what we estimated in our April 2011 paper, or far higher. This should be truly
alarming to anyone concerned about global climate change.
How can we explain this huge discrepancy? My take at the moment – again without access to
the data sources and analysis behind the Allen et al. paper – is that the gas industry can produce
gas with relatively low emissions, but they very often do not do so. They do better when they
know they are being carefully watched. When measurements are made at sites the industry
chooses and at times the industry allows, emissions are lower than the norm. But the norm may
well be 10-fold or more higher, based on the other accumulating research by NOAA and other
independent researchers.
A critical point: Allen and colleagues reported massive amounts of methane flared at the time
right after shale gas wells were fracked. Flaring means the gas was burned, not vented to the
atmosphere as methane. Were that gas vented as methane without flaring, the total emissions
picture would have been far, far greater. Do the sites studied by Allen et al. with industry
cooperation reflect the general practice? Will EPA rules promulgated over the past year or so to
require flaring and not venting in the future be enforceable, given that venting is invisible, and
flaring often draws community criticisms because of jet-like noise and flames extending
hundreds of feet into the air for days? Unless society is willing to fund efforts to measure
emissions at every well completion, a very expensive proposition, what is to keep less
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environmentally responsible companies from failing to follow the EPA rules and simply vent this
invisible and incredibly climatic-destructive methane gas?
Finally, methane emission from upstream at the well sites is only part of the problem. Methane
is also emitted as gas moves to consumers, and again new studies are indicating these emissions
may be even larger than the 1.4 to 3.6% of lifetime well production we estimated in our April
2011 paper.
Natural gas is promoted as a bridge fuel for the coming decades, one that allows society to
continue to rely on fossil fuels and yet reduce emissions of carbon dioxide compared to coal and
oil. While carbon dioxide emissions from natural gas are indeed less than from other fossil fuels
to gain an equivalent amount of energy, even small emissions of methane give natural gas a large
greenhouse gas footprint. This new study by Allen and colleagues suggests that with sufficient
motivation and scrutiny, shale gas may be marginally preferable to other fossil fuels over the
coming decades (if the downstream emissions from pipelines and distribution systems are
ignored). But can government truly regulate methane emissions from shale gas development, or
do we need scientists and engineers of the quality of the Allen team at every operation? And
how do we reduce the large methane emissions from distribution systems for natural gas in our
cities, where the pipes are often cast iron pieces laid end-to-end a century ago?
Natural gas whether from shale or other sources is not needed. Society is rapidly moving to a
transition away from fossil fuels, one in which electric power is provided by wind and sun, and
one in which home and commercial heating for water and space is accomplished through 21st
century high- efficiency heat pumps. This past spring, Mark Jacobson of Stanford, I, and many
other colleagues from Cornell, the University of California, and elsewhere published a blueprint
for making this possible for New York State by 2030. To me, this is clearly the best way
forward. So while I welcome these new data on how the oil and gas industry can keep methane
emissions relatively low – when motivated and closely observed – I firmly believe society should
invest its future now in the clean technologies of wind and solar production, and in using energy
more efficiently.
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