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Letter from The Panel

Thank you for your continued interest in the Task Force on Shale Gas as we continue to examine
the key issues surrounding the creation of a shale gas industry in the United Kingdom. This is our
third report, of a planned four, and it looks specifically at climate change impacts that have been
associated with shale gas.

We would like to thank our esteemed advisors, whose counsel and guidance continues to
be invaluable.

The publication of our second report, which looked at the local environmental and health
impacts associated with shale gas exploration and production, received widespread interest and
created significant conversation and debate. While not everyone will agree with our conclusions
and recommendations, it is the panel’s view that our reports provide a useful addition to the
debate over shale gas and we have always aimed to make them accessible and understandable
to an informed public.

Everyone has a right to make their own personal decision on the issue of shale gas on the basis
of trusted and factual information. The guiding principle of the Task Force remains to provide
that information.

As with each of our previous two reports, the Panel is indebted to the many businesses,
academics, individuals and associations who have given up their time to meet with the Task Force.
We very much hope that they recognise the immense value that they have provided to the Task
Force's work. All recommendations and conclusions, of course, are the Task Force’s alone.

We remain open and transparent around our funding, the people and organisations that we
meet, the information and academic literature that we have reviewed and consulted and the
timetable that we are working to.

All of this information, as well as our first and second reports and supporting documentation, is

available on our website — www.taskforceonshalegas.uk — along with relevant contact details.
We remain keen to hear from anyone who can assist our work.

Lord Chris Smith Emma Duncan Professor Ernest Rutter ~ Professor Nigel Brandon

Chair Panel Member Panel Member Panel Member
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Introduction

The Task Force on Shale Gas was launched in September 2014 to provide an
impartial, transparent and evidence-based assessment of the potential benefits
and risks of shale gas extraction to the United Kingdom.

The Task Force’s funding comes from businesses involved in the shale gas
industry. However the Task Force operates independently from its funders and
the funders have no influence over its research, recommendations or
publications.

The Task Force recognises that the issue of shale gas extraction and its potential
benefits and risks to the UK has become a polarising topic in the UK. As such, it
is difficult to find a platform for reasoned debate about shale gas extraction.

The mission of the Task Force is to create that platform, to provide reasoned and
evidence-based conclusions and recommendations to both industry and
Government about the potential of shale gas extraction in the UK, to inform the
general public and to promote reasonable discussion about these findings.

To make this possible we decided to deal in detail with clusters of issues over a
series of reports, enabling us to publish our conclusions at the earliest possible time.

Our first report, published in March, examined the existing planning and
regulatory system for shale gas and the public consultation process. We made a
series of recommendations that we believe would address reasonable concerns
raised by the public around potential shale gas extraction. This report also
contains what is hopefully a useful guide to the current political context around
shale gas in the UK and an introductory guide to what shale gas exploration and
extraction in the UK would consist of and how this would differ from much
publicised shale gas operations in the United States. This report is available in full
on our website.
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Introduction

Our second report, published in July, looked at the impacts of shale gas
associated with the local environment. Specifically it looked at seismic activity,
at potential impacts on air and water and on public health impacts. The Task
Force made a series of recommendations that we believe would provide a
framework under which it would be possible to minimise the risk associated
with shale gas to acceptable levels.

This is our third report, in which we examine and assess evidence related to
climate change.

Our fourth and concluding report will examine the economics of a shale gas
industry in the UK — including community benefits and compensation.

The conclusions drawn by the Task Force in each report, and the resulting
recommendations, reflect the views of the Panel only. They do not necessarily
reflect the views of any of the organisations we have met or advisors we have
consulted. They are drawn by the Panel from a combination of academic
review, personal meetings, interviews and site visits.

4 Third Interim Report = © Task Force on Shale Gas 2015



Climate change - Our starting point

In our second report, the Task Force examined the immediate, local environmental
impacts of a potential shale gas industry in the UK. Specifically we looked at
seismic impacts and issues related to water and air, as well as reviewing the
evidence surrounding the impact on public health.

From the outset of our work, however,
we have also been clear that the
viability of even a localised shale gas
industry must be tested against its
global impacts — i.e. its potential
climate change impact. Specifically in
this report we are interested in
understanding how the development
of a shale gas industry in the United
Kingdom (UK) would affect the UK’s
overall impact on climate change.

In order to make a reasonable
assessment of this and to allow for
useful and credible recommendations,
the Task Force on Shale Gas has asked
a number of simple questions and then
looked at the academic literature
surrounding each in great detail and
drawn relevant conclusions.

Put simply we have asked:

What are our current energy
needs and what is the ‘direction
of travel’ i.e. what are the
implications of our climate
commitment emissions targets?

The UK will, of course, require a
mix of energy sources. As the
nation moves towards its short

and medium term climate goals, is

there a need for gas within this

mix? How does gas as an energy
source compare to other sources

of energy, for example coal or
renewable energy sources?

What are the different sources

and types of gas available to meet

UK energy needs and what are
the pros and cons of using each
from a climate change
perspective?

© Task Force on Shale Gas 2015

By looking at these questions and
reviewing the academic literature
associated with each we have been
able to make evidence-based
recommendations on the role of shale
gas in the UK’s future energy mix from
the point of view of climate change
impact.
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Current UK climate policy

The UK'’s policy on climate change is set out in two Acts of Parliament; the
Climate Change Act 2008 and the Energy Act 2013.

Administrations in Scotland, Wales and
Northern Ireland also have a
responsibility to contribute to the UK's
climate change policy through devolved
policy areas’. For instance Scotland has
its own Climate Change Act, produced
in 2009, which committed Scotland to
reducing emissions by 42% by 2020
relative to year 1990 and then yearly
reductions between 2020 and 20502
Northern Ireland’s Environment Minister
is in the process of producing a Climate
Change Act while the Welsh

Government has been advised on
potential climate change legislation
that could be put in place?.

The Climate Change Act 2008
established a framework to develop an
economically credible emissions
reduction path and includes a target of
reducing greenhouse gas (GHG)
emissions by at least 80% by 2050
compared to emission levels in 1990.
For this 2050 target to be met, the UK’s
electricity generation must become

Fig.1. 2013 renewable energy sources in the UK
(From Department of Energy and Climate Change, 2014c).

Solar PV & active solar heating 3.3%

Heat pumps and deep geothermal 0.8%

Other 4.1%

Hydro
and shoreline
wave/tidal 3.6%

Bioenergy
70.5%

fully decarbonised (we use this term as
a short hand for the removal of all
greenhouse gases)*. As of July 2015,
greenhouse gas emissions were 36%
below 1990 levels. This progress has
been delivered through a variety of
means including reduced power sector
and industry emissions, in part from
investments in low-carbon technologies
and energy efficiency, and a switch
from coal to gas, and in part due to the
economic downturn®.

Landfill gas 15.2%
Sewage gas 2.8%
Domestic wood 5.4%
Industrial wood 3.1%
Co-firing 0.5%

Waste combustion 7.6%
Animal biomass 2.3%
Anaerobic digestion 2.2%
Plant biomass 21.6%
Transport biofuels 9.7%

Total renewables used = 11,201 thousand tonnes of oil equivalent (ktoe)
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Current UK climate policy

The Climate Change Act also contains
legislation that requires the
Government to put legally binding
carbon budgets in place in order to
ensure that the 2050 target is met. In
the UK, carbon budgets place
restrictions on the volume of GHGs
that can be emitted over five years®.
This means that if more GHGs are
produced in one sector that must be
compensated for in another.

In addition, the Climate Change Act
established the independent Committee
on Climate Change (CCC) to advise the
government on how to achieve emissions
targets (via carbon budgets) and to
report to Parliament on progress made in
reducing GHGs. The CCC has recently
been given a new duty to advise the
government on whether the exploitation
of shale gas (and other onshore
petroleum resources) is compatible with
meeting carbon budgets’.

The Government published The Carbon
Plan® to outline the approach needed
to ensure that carbon budgets are met.
The Carbon Plan highlights that, if the
UK is to meet its 2050 goal of cutting
emissions by 80%, there must be
significant changes in the way energy is
produced in the UK. Electricity
production will need to undergo
decarbonisation through the
development of renewable and nuclear
energy sources. The successful
implementation of Carbon Capture and
Storage (CCS) is also considered to be
key to meeting long-term GHG
emission targets®.

In addition to UK-specific legislation, as
a member of the European Union (EU),
the UK participates in EU action to
tackle climate change. This includes
meeting targets set out in EU
legislation on emissions, energy
efficiency and renewable energy.

Furthermore, the UK is a signatory to
the international treaty set out by the
United Nations Framework Convention
on Climate Change (UNFCCC), the
Kyoto Protocol.

It is clear, then, that significant changes
will be required in the short and medium-
term to the UK’s energy generation and
consumption if challenging targets, set
to combat the impacts of climate
change, are to be met.

In order best to envisage what impact a
UK shale gas industry will have on UK
GHG emissions, it is necessary to
understand what role gas will play in
the UK. To do this we can examine the
role played by gas in the UK’s current
energy mix and then review a range of
scenarios from global, government and
other organisations as to how they
envisage that energy mix changing in
the coming decades.

“The Climate Change Act 2008 established a
framework to develop an economically credible
emissions reduction path and includes a target
of reducing greenhouse gas (GHG) emissions by
at least 80% by 2050.”

© Task Force on Shale Gas 2015
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Gas in the current UK energy mix

In order to assess fully the potential climate impact of the introduction of shale
into the UK's energy mix, we first must examine the UK's current energy mix. In
2014, total UK overall energy consumption in primary energy terms (i.e. fuels
obtained directly from natural resources — coal, oil and gas) was 193.4Mtoe.
Mtoe or million tonnes of oil equivalent is a common unit of measurement
which enables different fuels to be compared and aggregated. A tonne of oll
equivalent (toe) is a unit representing energy generated by burning one metric
tonne (1000 kilograms or 7.4 barrels of oil), equivalent to the energy obtained
from 1270 cubic metres of natural gas or 1.4 metric tonnes of coal. This is the
lowest since before 1970.

Fig.2. Total primary energy consumption by fuel, UK, 1970 to 2014
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This graph shows the amount of five types of fuel used directly for consumption prior to any loss of energy via
conversion or transformation process.

Source: DECC- https://lwww.gov.uk/government/uploads/system/uploads/attachment_data/file/449102/ECUK_Chapter_1_-
_Overall_factsheet.pdf.
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Gas in the current UK energy mix

Since 1970, the overall final fuel mix in
the UK has significantly changed from
solid fuels; diminishing from 45.0 Mtoe
to only 2.6 Mtoe in 2014, largely
replaced by gas which grew from 14.4
Mtoe in 1970 to 40.2 Mtoe in 2014.

Data from January to March 2015,
reveals that 25% of the UK's electricity
is produced from gas — natural gas
makes up 24.2% of this 25%. The
remaining 75% of electricity is
produced by coal (31.3%), nuclear
(19.1%), renewables (22.3%), oil and
other sources (2.3%) respectively'®.

Even more gas is used for heating.
Nearly half of the total energy used in

the UK is used for heating of one sort or
another. Industrial heat use alone
accounts for 20% of all UK energy''.

Gas central heating makes up the
majority of household heating in the
UK. In 2010, 85% of homes were
heated by gas, 9% by electricity, 4% by
oil and just over 2% used alternative
fuel sources such as solid fuel (e.g. coal
or wood) or liquefied petroleum gas'?.
Domestic heating equipment represents
a substantial investment by
householders and is expected to operate
for about 15 years.

Of the total natural gas consumed in the
UK in 2011, 52% was used to provide

heat for buildings and industry. This
compares to 34% burned in power
stations to make electricity'.

Gas is also an essential raw material in a
raft of manufacturing industries (e.g.
chemicals, fertilisers, hydrogen
manufacture, and plastics), accounting
for about 10% of all natural gas
produced. Fertiliser manufacture,
which relies on natural gas, is one of the
cornerstones of the global farming
industry. And of the feedstock required
for the UK chemicals industry, 13%, or
512 thousand toe of gas, was also used
in2012'.

Fig.3. Industrial final energy consumption by sub-sector, UK (1990 to 2014)
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Source: https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/449108/ECUK_Chapter_4._-
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Gas in the current UK energy mix

The UK’s final overall energy
consumption in 2014 was 142.8 Mtoe.
Of this the transport and domestic
sectors were the two largest consumers
(38% and 26.5% respectively).
Petroleum liquids and natural gas were
the two largest energy sources (47.5%
and 28.5% of the total usage
respectively). 86% of the petroleum

liquids in the UK in 2014 were used by
the transport sector and 60% of the
gas was used in the domestic sector. In
total, in 2014 fossil fuels accounted for
84.5% of the UK’s energy supply.

Combined Heat and Power (CHP) is a
useful means of reducing emissions by
improving energy use efficiency. Heat is

a by-product of the generation of
electricity. In CHP the waste heat is
captured and used for local heating. In
2014, CHP accounted for around 6.0%
of the total electricity generated in the
UK and around 8.5% of UK gas
demand’®.

by fuel type.

Iron and steel

Fig.4. Graphs displaying the total energy use in the UK in 2014 by end user and

(From Department of Energy and Climate Change, 2015).

by user

industry 1%

Transport
sector 38%

Other final
users” 13%2%

her®
cher ' g}ber
industries
16%
Natural gas
28%2%
Domestic
sector 26%2%

Non-energy use
5%%

by fuel

Electricity
18%2%

Petroleum
47%2%

Total: 142.8 million tonnes of oil equivalent

(1) Includes services and agricultural sectors.
(2) Includes coal, manutfactured fuels, renewables & waste, and heat sold.
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Gas in the current UK energy mix

Imported energy

The UK imports coal, natural gas, crude
oil and petroleum products. For almost
a decade, the UK was a net natural gas
exporter, and then in 2004 it again
became a net importer as gas
consumption rose and production
declined. Similarly, it became a net
importer of petroleum products in
2013". These products come from a
number of countries.

Considering UK use of natural gas
only, 46% presently comes from the
North Sea and the remainder is
imported'. The UK imports gas from
Norway (58% of imports), the
Netherlands (16%) and Belgium
(7%)'°. The remaining 20% of

imported gas is liquefied natural gas
(LNG), mainly imported from Qatar?°.

In 2013 coal imports increased by
10.1% from 2012 levels, to their
highest level since 2006. However
electricity generation demand for coal
fell by 8.8% and coal stock piles
increased by 10.9%?2". Coal is mainly
imported from the US (25% of
imports), Russia (41% of imports) and
Colombia (23% of imports).

Crude oil is mainly imported from
Norway (40% of imports), with other
Organisation of Petroleum Exporting
Countries (OPEC) accounting for 36%
of imports?2. The fuel for nuclear

power stations is imported from
Canada and Australia.

Since 1999, when UK energy
production peaked mainly due to the
growth of oil and gas, there has been a
sharp rise in fossil fuel imports; over
this period imports have more than
doubled?*.

In 2013, the UK recorded the highest
level of imported energy since 1974
owing to an ongoing decline in
domestic oil and gas production. This
meant nearly half of the UK’s net
energy supply came from imports
including coal, manufactured fuels,
crude oil, and gas?>.

Fig.5.

Import dependency, 1970 to 2014
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Renewable energy in the UK energy mix

In order to meet our climate change commitments as a nation, the UK's energy
future has to be in renewables and low carbon technologies.

In the context of the debate around shale gas in the UK, it is useful to ask two
questions:

e |s it feasible for renewables to meet the UK's short term energy needs?

e Will the introduction of a shale gas industry into the UK improve or worsen
the UK’s ability to move to a low carbon future?

We recognise that the answer to the second question may be more political than
scientific — but if our starting point is that the development of a shale gas
industry must enable, rather than inhibit, the transition to a low carbon emissions
future then this is something which should be considered. Of course one of the
other important factors in the medium term will be the need for a substantial
increase in the energy efficiency of homes and buildings across the country.
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Renewable energy in the UK energy mix

Renewable energy use in the UK

Overall, renewable sources provided 7.2% of the UK'’s total primary energy requirements in 2014.

2012

Net Imports 3%
@ Other renewables 4%

Fig.6. Electricity supply by fuel type in 2012 and 2013.
(From Department of Energy and Climate Change, 2014c).

2013

[ Net Imports 4%
[ Other renewables 5%

E Wind & Solar 6%
M Hydro 1%

M Nuclear
18%

MW Gas 28%

E wind & Solar 9%

M Hydro 1%

M Nuclear
18%

M Coal
38%

M Oil & Other
fuels 1%

W Gas27%

M Coal
35%

B Oil & Other
fuels 1%

Figure 6 highlights the need to
distinguish between renewables as a
growth area for electricity generation
and renewables as a contributor to the
supply of total energy needs in the UK
which, as outlined above, encompass
far more than simply electricity.

Renewable energy use in the UK grew
by 21% between 2012 and 2013. The
2013 contribution to the energy mix
provided by renewable energy sources
was split as follows: bioenergy,
including fuels derived from wood,
wood waste, and other by-products
from a variety of agricultural processes,

(70.5%); wind (21.8%); hydro-electric
(3.6%); solar PV and active solar
heating (3.3%).

Of the 11.2 million tonnes of oil
equivalent (Mtoe) of primary energy
use accounted for by renewables, 8.4
Mtoe was used to generate electricity,
while only 1.7 Mtoe was used to
generate heat, and 1.1 Mtoe was used
for road transport. In other words, of
11.2 Mtoe of renewable energy, 75%
was used for electricity generation,
10% was used for road transport and
the remaining 15% was used for
heating®®. Renewables’ share of

© Task Force on Shale Gas 2015

electricity generation has increased to
22.3% in the first quarter of 2015,
helped largely by increased capacity in
wind and solar.

Between 2012 and 20132’ the capacity
to generate electricity from renewable
energy sources increased by 25%.
Specifically, hydroelectric power
generation decreased by 10.7% due to
reduced rainfall while electricity
generated by wind power increased by
42% due to increased capacity?®.
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Renewable energy in the UK energy mix

Challenges facing the renewable energy industry

The scenarios below set out how the
renewable energy sector might be
grown to meet the UK carbon
commitments for 2050. The scenarios
favour a long term evolutionary
approach rather than a short term
revolution, as there are number of
challenges that need to be overcome as
the contribution renewables make to
the energy mix increases. These include:

Investment in infrastructure: The
national electricity grid arose from
putting power stations close to the
sources of energy, which were
originally coal mines. The grid
infrastructure is in need of investment
and there is an opportunity for the
upgrade to optimise the development
of the energy resources of the future,
allowing areas with high resource
potential both onshore and offshore to
be grid connected. However, this
investment can only cope with a
fraction of the wind, tidal and wave
energy that is potentially available?*. It
should also be noted that the visual
impact of bigger transmission pylons
can be a major public concern. For the
future, offshore transmission lines are
being considered which have much less
visual impact and should be easier to
consent. They have the additional

14 Third Interim Report

potential to provide better connectivity
with Scandinavia, so that excess power
generated in the UK can be exported to
Scandinavian hydro power schemes
and re-imported when UK production
is low. However, such schemes require
massive investment and will take time
to implement.

Investment in projects: Investors only
have a limited amount of funds
available and so need to finish one
project and start to receive an income
stream to free up capital for further
investment. They also need to be re-
assured that the projected economics
of renewable projects are indeed viable.

Intermittency and infrastructure:
Studies have shown that there is a
potential constraint on the amount of
renewable energy that can be used to
meet electricity demand due to the
intermittency of power generation e.g.
where would we get our electricity
from on a windless day? We have seen
how smart grids can help meet this
challenge. A recent report by Pike
Research® forecasts that during the
period from 2010 to 2020, cumulative
European investment in Smart Grid
technologies will reach €56.5 billion,
with transmission accounting for 37%

© Task Force on Shale Gas 2015

of the total amount. The report
demonstrates that by 2020 almost 240
million smart meters will have been
deployed in Europe.

Other options are also available, such
as the use of very large capacity redox
batteries, Vehicle-to-Grid applications
for bridging short term demand, the
growth of demand side management
from the development and use of
smart appliances that only use energy
when it is available, and energy storage
technologies. However, many of these
solutions are still under development.

In addition as with most proposals for
energy development, there are also
social barriers to the growth of the
renewables sector in the UK. Public
perception research has, for example,
shown widespread support for the idea
of renewable energy, yet at the local
level, planning applications for
developments are often opposed?'.

So whilst the growth of renewable
energy is now becoming well
established, the technical and
economic constraints favour a long
approach to full implementation in the
short (to 2020) and medium term
(2030). Even in the longer term (2050)



Renewable energy in the UK energy mix

there are some gaps that will need to 1.

be filled with other energy resources
such as nuclear and some fossil fuels,
mainly gas. This is why, later in this

report, we discuss how essential it will 2.

be to ensure that Carbon Capture and
Storage (CCS) is developed for any
such gas use, to remove carbon to the

greatest possible extent. 3.

In the National Grid’s 2015 projection
of the UK’s Future Energy Scenarios®?,
renewable energy supplies 11-30% of
the annual power demand by 2030.
Even in the best case scenario, the

National Grid does not consider that 4.

renewables can meet all energy
demand in the short term. The Task
Force is convinced that while
renewables, nuclear, and other low
carbon sources represent the future for
the UK’s energy mix — and that the
development of a feasible UK low
carbon sector should be encouraged —
it is simply not possible for renewable
energy sources to meet most or all of
UK energy demands in the short and
medium term. The questions then
become:

What role will gas play in
supplying the UK's short and
medium-term needs?

If gas is needed, how much gas
can be generated from
renewable resources?

If there is a need for gas derived
from fossil fuels, is there a role
for shale gas and what impact, if
any, will the development of a
shale gas industry have on
emissions?

Will the development of a shale
gas industry undermine the
renewables and low carbon
industry and if so can this effect
be mitigated?

“Even in the best case scenario, the
National Grid does not consider that
renewables can meet all energy
demand in the short term.”

© Task Force on Shale Gas 2015 = Third Interim Report
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Estimated future UK energy mix

It is, of course, difficult to predict exactly the future energy mix of the UK. The
Task Force is however, interested in establishing whether there is a likelihood and
need for gas to play a significant role in the future and for how long. To this end
we have reviewed a series of forward-looking energy scenarios from a range of
disparate organisations.

Many organisations - public sector, academic, civil society, industry - have
published scenarios of how the energy sector might change between now and
2050. All = including those by groups such as WWF and Greenpeace — accept
that gas will continue to play a role in the energy mix until at least 2050.
However, scenarios differ widely on how much gas will be used in 2050, globally
and in the UK, and on the pathways between 2015 and 2050.

Different organisations have looked either at global energy use or UK-specific needs:

16 | Third Interim Report | © Task Force on Shale Gas 2015



Estimated future UK energy mix

Global gas use

The International Energy Agency (IEA)
publishes an annual report on Energy
Technology Perspectives. The 2015
report includes a scenario of energy use
through to 2050 which would keep
global warming within 2 degrees. Total
global energy use in 2050 would be
17% higher than in 2015.

WWEF worked with the energy
consultancy Ecofys on a scenario in
which total global energy use will be
15% lower in 2050 than in 2005.
Global energy use in 2050 is projected
to be 100% renewable in 2050. The
WWEF/Ecofys scenario envisages that
gas will provide the following
proportions of total global energy use:

Year Percentage of total energy use

2020 36%

2030 33%

2040 19%

2050 0%

WWEF/Ecofys scenario

Shell's 2015 scenario ‘Blueprints’
envisages a substantial increase in
global gas use between now and
2050, although by 2050 gas
consumption is back down to
approximately current levels. In their
model, (CCS) applied to gas
generation has been widely deployed.

BP does not produce scenarios. Instead,
it publishes predictions of future global
energy trends. Its Energy Outlook 2035
predicts that global energy
consumption will increase 37% from
2013 to 2035. Gas will be the fastest
growing of the fossil fuels, increasing
on average 1.9% a year®.

EJ per year
1000

800

600

400

200

2000

2010

Fig.7. Primary energy by source

2020 2030 2040

Biomass includes traditional renewables such as wood, dung, etc.

2050

Other Renewables

Biomass

Nuclear

Coal

Gas

Oil

© Task Force on Shale Gas 2015

Third Interim Report =~ 17



Estimated future UK energy mix

UK gas use

Turning to predictions of UK gas use,
the UK Energy Research Centre (UKERC)
published a report in 2013 on ‘The UK
energy system in 2050: Comparing
Low-Carbon, Resilient Scenarios'.

In the lowest-carbon scenario, gas is
not used for power generation after
2030, but continues to be widely used
for heating. Total UK energy use is
7,500 petajoules (PJ) a year in 2050
(For electricity, 1 petajoule equals
277.78 million kWh.) Just under 2,000
PJ, 26.7%, of this comes from gas®*.

The Energy Technologies Institute (ETI),
a partnership between government
and energy companies, published a
‘clockwork’ scenario in February 2015.

“Well-coordinated, long term
investments allow new energy
infrastructure to be installed like
clockwork. The regular build of new
nuclear, CCS plants and renewables
ensures a steady decarbonisation of
the power sector. National-level
planning enables the deployment of
large-scale district heating networks,
with the local gas distribution
network retiring incrementally from
2040 onwards.?>”

Under "clockwork’, gas will still be
playing a significant role in the UK
energy mix in 2050, requiring a total of
35 billion cubic metres (BCM). This is
made up from:

¢ 180 terawatt-hour (TWh, where 1
terawatt-hour is equal to a
sustained power of approximately
114 megawatts for a period of
one year) of space heating, out of
a total of 380 TWh;

¢ 100 TWh of electricity, out of a
total of 600 TWh;

® 100 TH of industrial energy, out of
a total of 350 TWh.

National Grid’s ‘Gone Green’ scenario,
published in July 2015, envisages that
in 2050 UK “gas demand reduces to
around half today’s level in 2050,
mainly due to the annual reduction in
gas for heating in domestic and
commercial application®®.”

1000

Fig.8. Gas demand: No Progression and Gone Green
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Estimated future UK energy mix

Friends of the Earth (FOE) examined
only the UK electricity sector — which
accounts for less than a fifth of total
energy use in the UK at present
(though FoE would like to see heating
and transport electrified). The FoE
scenario envisages that in 2030 24% of
UK electricity will be from gas (13%
unabated, 11% abated)?’.

All scenarios expect gas to play a
significant role, globally and in the UK,
between now and 2050 and figures
from the UKERC and Energy
Technologies Institute suggest this gas
requirement will range from 35 to 50
BCM per year.

The next question is to determine the
extent to which this requirement for
gas can be met from biogas sources
(generated from waste, sewage and
anaerobic digestion). In 2009, the
National Grid reported that enough
renewable gas was being produced to

meet around 1% of the UK’s total gas
demand, however it was mainly being
used to generate electricity rather than
being injected into the grid®. More
recently, in 2014, 5% of the UK’s
electricity production from renewables
could be attributed to biogas®® and a
paper from the Energy Futures Lab at
Imperial College shows that up to 5%
of UK primary energy could be met by
biogas, representing 14.4% of gas
consumption“C,

It seems apparent, then, to the Task
Force, that gas from fossil fuels is

destined to play a significant role in the

UK'’s future energy mix for several
decades. It is also clear that, as the UK
(and the world) reduces its climate
impact from carbon emissions, there
are two options. The first is to make

the transition from carbon fuels to non-

carbon fuels, or renewables. We have
explained above why we see this as a
long-term rather than short-term

objective. The second option is to
encourage an early transition from high
carbon-emitting to lower carbon-
emitting fuels.

Therefore it is worth comparing natural
gas to coal.

“All scenarios expect gas to play a significant role,
globally and in the UK, between now and 2050 and
figures from the UKERC and Energy Technologies
Institute suggest this gas requirement will range
from 35 to 50 BCM per year”

© Task Force on Shale Gas 2015
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Natural gas versus coal

Last year the United Nations’ Intergovernmental Panel on Climate Change (IPCC)
concluded that, in order to reduce greenhouse gas emissions, countries should
first reduce coal use, then reduce gas use*'.

Natural gas is the cleanest fossil fuel*?.
Compared to coal, the burning of
natural gas produces half as much CO,
and a quarter of the nitrogen oxides
(NOx)* per unit of energy generated.
It also produces negligible amounts of
sulphur dioxide (SO2), carbon
monoxide, black carbon, particulate
matter and mercury**. However, natural
gas is largely made up of methane,
which is itself a powerful greenhouse
gas. For the first 20 years following
release into the atmosphere, methane
traps 86 times as much heat as CO,
does. However, methane stays in the
atmosphere for a shorter period than
CO,. Nevertheless, over 100 years the
atmospheric warming potential of
methane is still 34 times that of CO,.
If methane is allowed to leak during
the extraction and transportation of
gas, the climate benefits of gas over
coal can therefore disappear. (This is
why we placed such importance in our

second report on ensuring “green
completions” for shale gas, where
almost all the methane is contained.)

A forthcoming paper from the
Sustainable Gas Institute, ‘Methane
and CO, emissions from the natural
gas supply chain’, has reviewed 424
academic, government, industry and
NGO publications. The Sustainable Gas
Institute concludes that, even taking
account of emissions from the supply
chain before the gas is burnt in a power
station, “total GHG emissions would be
419-636 g CO, eq. / kWh electricity
generated, with a central estimate of
496 g CO, eq. / kWh. This is well
below typical GHG estimates of coal
generated electricity of around 1,000 g
CO, eq./ kWh." Gas is therefore only
half as damaging to the climate as is
coal. An increase in gas use at the
expense of coal therefore contributes
positively to climate protection.

“Natural gas is the cleanest fossil fuel.
Compared to coal, the burning of
natural gas produces half as much CO,
and a quarter of the nitrogen oxides
(NOx) per unit of energy generated”
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It has also been suggested®® that, in
addition to the reduction in GHG
emissions, substituting natural gas for
coal could bring additional quality of
life benefits. A transition away from
coal and towards more natural gas
power stations would result in less soot
in the atmosphere, and this could
sharply reduce adverse health impacts
on local communities.

In the United States (US), the increase
in shale gas use since 2005, and the
consequent reduction in coal use, has
led to a fall in total greenhouse gas
emissions; these were 9% lower in
2013 than they were in 2005%. (One
other study from Maryland, has
attributed some of the reduction to a
decline in overall consumption?’.) Other
studies have credited the development
of the shale gas industry with providing
a significant boost to the US
manufacturing sector, increasing jobs
and investment in other industries.

The Task Force will look at the
potential impact on UK industry, and
conseguent economic impacts, in its
final report.

The UK has already had a ‘dash for
gas’, in the 1980s and 1990s. However,
coal still provided 30% of the primary
energy consumed in the UK last year —
the same level as provided by gas*.



Natural gas versus coal

So there is still potential for a major, and
rapid, shift from coal to gas in the UK.

The Task Force is persuaded that:

® The UK'’s energy future —
increasingly as we attempt to
meet our challenging 2050 climate
targets and completely at some
point probably beyond that - lies
in decarbonised energy
generation

e However, the present state of
technology, infrastructure and
economics associated with the
renewable energy generation

industry sector in the UK simply
does not make full
implementation viable in the
short and medium term.

Natural gas will play a significant
role in the UK's energy mix for the
medium term, allowing the UK to
reduce the amount of energy that
is generated by coal and create a
lower-carbon energy mix in the
medium term. Natural gas will
also continue to be an essential
feedstock for a wide range of
manufacturing industries essential
to our quality of life.

Carbon Capture and Storage (CCS)

CCS is the process by which CO, is
captured, transported and injected into
the subsurface in order to prevent it
from escaping into the atmosphere.
CCS can be used for both gas and
coal. The lifecycle emissions for both
differ — gas CCS ranges between
approximately 90 — 245 gCO2e/kWh
while coal ranges between
approximately 140 — 245 gCO2e/kWh
and 80-310 gCO2e/kWh, depending
on whether the carbon is captured
before or after combustion®.

There are in fact three types of CCS,
pre-combustion, post-combustion and
oxy-fuel. The first involves capturing
the carbon dioxide from an exhaust by

absorbing it in a solvent, the second
involves pre-treating the coal or gas to
convert it to a mix of hydrogen and
carbon dioxide, with the carbon dioxide
separated, compressed and transported
for safe underground storage. Oxy-fuel
involves burning the coal or gas in
oxygen instead of air, so that it
produces a more concentrated

carbon dioxide stream, enabling

easier separation.

Although CCS has the potential to
reduce emissions from gas and coal-
fired power stations, there are
nonetheless some lifecycle emissions of
carbon®®. The CCC therefore
recommends that coal and gas CCS

© Task Force on Shale Gas 2015

¢ This move away from coal and
towards natural gas should not
come at the expense of
investment into and development
of a long-term renewable energy
and nuclear technology.

The Task Force is convinced of the need
for gas — we want to ask firstly, how the
climate impact of gas in the UK can be
minimised. This has led us to consider
the future of carbon capture and
storage (CCS) for the UK gas industry.

should be used in conjunction with
other low-carbon energy sources and
that gas CCS is at this stage looking
more economically viable than coal CCS.

The Task Force supports this conclusion
—and we believe that CCS should be
developed as a priority to mitigate the
climate impact of gas usage in the UK’s
future energy mix.

The UK Government is working

with existing industry to create an
economically-viable CCS industry by
2020°". DECC has also published a CCS
Roadmap and a summary of policies
and actions that the Government

has implemented>?.
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Natural gas versus coal

It is running a CCS commercialisation
competition which will make £1 billion
capital funding available for the design,
construction and operation of the UK's
first commercial-scale projects. Two
projects have been shortlisted for the
funding®? — the White Rose, run by a
consortium of Drax Power and BOC
(Brin's Oxygen Company), based in
Drax, North Yorkshire** and the
Peterhead CCS Project in
Aberdeenshire, Scotland.

Aside from the projects in the UK, there
are a number of key CCS projects
underway across Europe. The very first
commercial carbon capture project, for
example, was initiated in 1996 at the
Sleipner gas field, Norway.

The Task Force believes that the
development of a CCS industry should
not be seen as a pre-requisite for initial
exploratory drilling for shale gas in the
UK. However, if a shale gas industry

begins to develop at scale, CCS will
become essential, and a CCS industry
should be developed and grown
concurrently.

There are of course a number of
challenges that must be addressed in
the development of large scale CCS
projects, including those of cost and
ensuring maximum efficiency in the
power station.

However, we are disappointed that
progress on the development of CCS
projects here in the UK has been slow;
and we urge the government to take a
lead in ensuring a more rapid
deployment of this technology.
McGlade and Ekins®> have pointed out,
for example, that CCS for gas can
make a significant difference to an
effective low-carbon contribution by
gas in the medium term.

nu

... if a shale gas industry begins to develop at
scale, CCS will become essential, and a CCS
industry should be developed and grown
concurrently.”
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Introducing a UK shale gas industry
into the UK gas mix

In its second report, the Task Force made several recommendations around best
practice for the establishment of a UK shale gas industry into the UK. For the
purposes of this report we reiterate these recommendations and make
assumptions that any industry will adhere to them — in particular, for the
purposes below, we recommend the mandatory implementation of green
completions, to prevent fugitive emissions of gas.

These recommendations can be found in full on our website.

Note that the potential economic impacts and viability of creating a UK shale
gas industry will be examined in our fourth report, to be published in December.
This report reviews only the climate change impacts.
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Introducing a UK shale gas industry into the UK gas mix

Shale Gas versus conventional natural gas

The Task Force has examined the
academic literature comparing the climate
change impact of shale gas with both
conventional natural gas and imported
Liquefied Natural Gas (LNG). Several
studies have explored the potential climate
change impacts of shale gas versus
conventional natural gas extraction.

These studies have led to a variety of
views, according to different forms of
measurement and assumptions made.
Geographical disparities also play a role
in assessing emissions. A full summary
of the academic literature can be found
as an appendix on our website.

For the purposes of this report it is
worth noting that a number of studies
have concluded that emissions from
shale gas operations mean that the
climate impact of shale gas is greater

than that of conventional natural gas
extraction®®. These findings, however,
are based on US studies, made before
the implementation of green
completions was mandatory. Other
studies, making different assumptions
about the processes in place have
concluded that the climate impact of
shale versus conventional natural gas
extraction is neutral®’.

However, the forthcoming Sustainable
Gas Institute paper, which reviewed 424
academic, government, industry and
NGO publications, found that the same
reductions of climate impacts applied not
only to conventional gas, but also to
shale gas, as long as Reduced Emission
Completions (RECs) equipment is used
when the well is closed. It states, “In the
US this equipment is now compulsory,
which implies that this is no longer a

Shale Gas versus LNG

LNG has become the most popular
method of transporting ‘stranded’ gas —
i.e. gas that cannot be piped to market
—to countries where it is required. The
liguefaction process, however, involves
cooling the gas to a temperature of
approximately -160°C, and uses a lot of
energy, as does providing the heat to
turn the liquid back into gas.

In 2013 DECC published ‘A study on the
potential greenhouse gas emissions
associated with shale gas production and
use’, by David Mackay and Timothy
Stone®®. This found that “the carbon
footprint (emissions intensity) of shale
gas extraction and use is likely to be in
the range 200 — 253 g CO2e per kWh of
chemical energy, which makes shale gas’
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overall carbon footprint comparable to
gas extracted from conventional sources
(199 — 207 g CO2e/kWh (th)) (see
glossary), and lower than the carbon
footprint of Liquefied Natural Gas (233 —
270g CO2e/kWh (th)) (Ibid). When shale
gas is used for electricity generation, its
carbon footprint is likely to be in the
range 423 — 535 g CO2e/kWh (e), which
is significantly lower than the carbon
footprint of coal, 837 -1130g
CO2e/kWh (e).”

Mackay and Stone were both employed
by DECC at the time. And their paper
accepted some industry assumptions on
issues such a leakage rates.
Nevertheless, the Panel accepts their
conclusion that locally extracted,

© Task Force on Shale Gas 2015

significant source of emissions. It is
important to note that, as this process is
the main differentiator between
unconventional and conventional
extraction, this report concludes that
emissions are comparable as long as
methane is captured rather than flared.”

In addition, comprehensive pilot studies
should be put in place at a small number
of sites in the UK to establish very
precisely what emissions sources exist
and how they can be mitigated. The Task
Force recommended in our second
report that if a shale gas industry is to be
licensed and developed in the UK, then
the green completion process should be
mandated. Provided this is done, then
the impact on climate change from shale
gas is likely to be similar to that of
conventional gas extraction: in
comparative terms, broadly neutral.

properly regulated shale gas is less
damaging to the climate than LNG is.

DECC said in 2014 that it expects up to
45% of the global gas market to be
LNG by 2020%°.

The British government also wants to
expand UK LNG import facilities, as
North Sea gas production declines.

The Task Force considers that the
climate impact of liquefaction and
shipping cannot be beneficial. If
nothing else, the creation of a domestic
shale gas industry will reduce the wider
climate impact of the transportation
and other energy costs of LNG.



Introducing a UK shale gas industry into the UK gas mix

Compatibility of shale gas and renewable
or low-carbon technologies

In our previous two reports we have
made comparisons with the United
States (US), as it is a market that has
developed a mature domestic shale gas
industry. Alongside this they have also
utilised a mix of policy tools at both the
federal and state level including
rebates, tax credits, grants, and loans
to spur development of renewable
energy. Like-for-like comparisons of the
incentive programmes are not useful as
they vary widely with respect to the
amount of funding they provide, the
total number of projects they support,
and the length of time they are
available. However, it is noteworthy
that the development of a US shale
industry has not curtailed the
development of renewables, which
grew to nearly 15% of total installed
capacity and 13% of total electricity
generation in the US in 2013.

In fact, in 2014, the US Department of
Energy notes that Texas was the state
with the greatest cumulative capacity
to produce renewable electricity, (made
up mainly from wind)®, whilst also
being a substantial producer of shale
gas®'. In 2014, wind generated over 20
percent of electricity used in three
states — lowa, South Dakota, and
Kansas. The boost is due in large part
to the wind production tax credit, or
PTC, which covers wind projects that
began by the close of 2014.

Some people have argued that the
development of a shale gas industry
will have a chilling effect on the
development of renewable and other
low carbon technologies which are
essential if we are to meet the UK’s
climate change commitments. As we
have explored above, any reasonable
assessment of the medium term energy
mix for the UK will have to include a
proportion of gas use and shale gas has
some benefits over some forms of
imported gas, in terms of its climate
change impact.

Shale gas can, we believe, provide a
useful transition to a low carbon long-
term future, and government policy
should recognise that. In order,
however, to ensure that this does not in
any way endanger the development of
new and innovative forms of low
carbon energy generation, storage and
distribution, we believe that
government should commit to
deploying the government energy-
specific revenue derived from a
developed shale gas industry to
investment in research and
development (R&D) and innovation in
these fields.

“...in 2014, the US Department of
Energy notes that Texas was the state
with the greatest cumulative capacity
to produce renewable electricity,
(made up mainly from wind), whilst
also being a substantial producer of
shale gas.”
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Conclusions and recommendations

Based on the above, the Task Force is convinced of the following:

If the UK is to meet its long-term climate change commitments then a transition
to renewable and low carbon technology energy sources will be necessary.

However the evidence is clear that it is not feasible to create a renewable and
low carbon industry in the short term in the UK that can meet the UK’s energy
needs as a whole.

Therefore the Task Force concludes — in line with the thinking of relevant
forecasting organisations — that there is a requirement for gas to play a
significant role in the UK's energy mix in the short and medium term.

The evidence suggests that the impact of shale gas on the climate is similar to
that of conventional gas and less than that of LNG.

If this is the case, based on the evidence outlined above, the Task Force is
persuaded that, if properly regulated, implemented and monitored, shale gas
should be explored as a potential gas source to meet UK energy needs. The Task
Force also believes that everything possible should be done to minimise the
climate impact of gas extraction in the UK.

Therefore we would encourage the Government to expedite the development of
a CCS industry in the UK that would, ideally, grow concurrently with any shale
gas industry.

In addition, the Task Force is convinced that for a shale gas industry to serve
appropriately as a transitional fuel it is important that it is clearly demonstrated
that this will not prohibit or slow the development of renewables and low
carbon energy industry. We believe that government should commit to
deploying the government energy specific revenue derived from a developed
shale gas industry to investment in R&D and innovation in CCS and low carbon
energy generation, storage and distribution.
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