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Addressing climate change and meeting our energy needs
are two of the greatest challenges that societies face.

Many obstacles hinder progress. The search for inexpensive
and plentiful energy supplies appears to be at odds with climate
change mitigation commitments. The desire for short-term
(next 30 years) energy security has reinvigorated investment in
fossil fuel technologies and led to a North American boom in
hydraulic fracturing for shale gas (fracking). However, fracking
contributes both directly and indirectly to greenhouse gas
emissions, further driving anthropogenic climate change. Here
we consider the implications and conclude that the expansion
of fracking is incompatible with climate change mitigation.
The evidence is overwhelming that recent climate change

arises primarily from human activities that release greenhouse
gases, including carbon dioxide (CO2), and methane (CH4),
into the atmosphere. Resulting damage to ecosystems and
threats to human health and wellbeing has emerged over the
past few decades.1 All sectors of the economy and society are
affected by the disruption of infrastructure, food production
(agriculture and fisheries), business activity, ecosystem services,
and health services. Climate change is causing the loss of
millions of disability adjusted life years globally. Coal, oil and
gas consumption account for over 80% of the CO2 emissions
worldwide.2 Despite a myriad of international agreements (e.g.,
COP20 in Peru), and promises by numerous governments,
CO2 emissions from fossil fuel combustion have continued to
rise from 19 gigatonnes (Gt) CO2 yr

−1 in 1980 to 30 Gt CO2 yr
−1

in 2010. The rate of increase in emissions has accelerated
from 1.5% per year between 1980 and 2000 to 3% per year
between 2000 and 2012.2

New and improved technologies have radically increased the
amount of fossil fuel that is economically recoverable, especially
via the exploitation of oil sands and shale gas. Unconventional
gas could soon represent 40% of recoverable gas resource
globally, with shale gas accounting for 27%.3 If all unconven-
tional gas resources were to be mobilized, the impact on climate
change would be enormous (see Figure 1). Gas demand is

increasing rapidly, which led Hansen et al.2 to remark that
“. . .despite the clarity and imminence of the danger of continued
high fossil fuel emissions, governments continue to allow and
even encourage pursuit of ever more fossil fuels.” The shale gas
GHG footprint is much larger than is widely recognized. Up to
8% of the methane produced at shale-gas wells escapes to the
atmosphere,4 which is roughly double conventional gas
production losses. The shale gas carbon footprint is in fact
very similar to that of coal when compared over 100 years.4

Evidence contradicts the view that shale gas is a “clean” or
“environmentally friendly” energy source. Furthermore, in-
creasing amounts of North American shale gas are now
exported as liquefied natural gas (LNG), which has life-cycle
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Figure 1. Global fossil fuel carbon emissions to date and carbon
content of reserves and resources for oil, gas and coal. Reserves
are exploitable now with current technologies and at current energy
prices; resources are potentially exploitable with technological
advances and/or at higher energy prices. Redrawn from Hansen
et al. 2013.2
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GHG emissions ca. 20% higher than domestically consumed
gas.5

From facts presented here and elsewhere, it is difficult to
avoid the conclusion that expansion of shale gas fracking is
inconsistent with climate change mitigation. “The large GHG
footprint of shale gas undercuts the logic of its use as a bridging
fuel over coming decades, if the goal is to reduce global
warming”.4 Lowering GHG emissions requires reduced
dependence on fossil fuels, rendering the government-
sponsored search for new sources of oil and gas particularly
perverse. Expanding fossil fuel extraction capabilities sends the
message that rapid climate change mitigation is neither urgent
nor essential. The IPCC has calculated that to not exceed a
2 °C rise, human activities must release no more than 3670
gigatonnes of CO2. Having already emitted ca. 2900 gigatonnes
of CO2 equivalent GHGs, we must now emit less than 1000
gigatonnes of CO2 to achieve our critical goal. The questions
then become: How do we spend the remaining 1000 giga-
tonnes and what do we do with the vast, unusable reservoirs of
oil and gas?
Shale gas is dubiously portrayed as an “environmentally

friendly” transition fuel to a CO2 emission-free future, by the oil
and gas industry, as well as many governments. The dangers
posed by “greenwashing” shale gas as a route to climate change
mitigation, are well documented.5 It is unimaginable that oil
and coal reserves will be left in the ground, therefore shale gas
represents an additional source of GHG emissions. This will
add to overall GHG emissions and delay the transition to a low
carbon future. Another detrimental consequence of maintaining
reliance on fossil fuels is that investment in renewable energy
and low or zero-carbon alternative energy sources diminishes.
Nonrenewable energy is seen as a high return, low risk invest-
ment, which is delaying the switch away from fossil fuels.
Damage from climate change will intensify as climate forcing
progresses, affecting hundreds of millions of people. Govern-
ments have agreed in principle to limit GHG emissions, yet
fracking for shale gas will extend the fossil fuel age, increase the
costs of mitigation and drive up the cost of adaptation required
to support human societies in a less hospitable climate. The
negative financial impacts on economies and to human health
will be externalised and borne by those often poorer societies
most affected by climate change.
The evidence presented here leads unrelentingly to the view

that fracking for shale gas is incompatible with climate change
mitigation. Expanding the volumes of extractable fossil fuels
reserves, in whatever form, is irreconcilable with commitments
to reducing anthropogenic greenhouse gas emissions. Carbon-
neutral and low carbon energy alternatives are available and
must be further developed to limit the “need” for fossil fuels in
a sustainable future. What is at stake is the health and wellbeing
of millions of people worldwide and the sustainability of the
Earth’s ecosystems. At some point, it is inevitable that humans
will be forced to apply increasingly robust controls and deploy
new technologies to tackle rapid anthropogenic climate change.
We may then reflect on how many people have lost their lives
or had a miserable existence because we did not act sooner.
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