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atems . OUr current targets: domestic

 For Greenhouse Gases, the
UK has domestic targets that
look ahead to 2050

« UK Climate Change Act - 80%
cuts in greenhouse gas

emissions by 2050 ~ Energy Act 2008
Climate Change Act 2008

http://www.opsi.gov.uk/acts/acts2008/pdf/lukpga 2008

0032 en.pdf
http://www.opsi.gov.uk/acts/acts2008/pdf/ukpga 2008

0027 en.pdf
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The Climate Change Act 2008

The Act provides three elements of our climate change framework

Targets

The Climate Change Act
commits the UK to an 80%
reduction in Greenhouse
Gases (GHGs) in 2050
compared to 1990 levels
(and a 34% reduction in
2020).

These figures are based on
advice from the Committee
on Climate Change (CCC) in
2008.

It was assumed to be an
appropriate UK share of a
global commitment to
reduce GHGs by 50-60%
compared to 2008 levels,
which would be compatible
with a 2 degrees target.

Budgets

The Act requires that we
cap emissions over
successive 5 year periods.

These budgets must be set
12 years in advance.

In setting budgets the SoS
must take into account a
range of matters including
technology, and economic
and social circumstances.

After setting a budget the
SoS must then publish
proposals and policies to
meet our targets. This took
the form of the Carbon Plan
published in 2011.

Securing the UK’s Energy Future

Committee on
Climate Change

The Act established an
independent Committee on
Climate Change.

The Committee advises
Government on how to
reduce emissions over time
and across the economy.

The CCC advises on the
optimum trajectory to 2050
by giving advice on budget
levels and the level of effort
across sectors.

Committee on




e LArge emissions reduction
needed to 2050

Climate Change

900 -
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700 - ) 2050 allowed emissions
____________ 3'zA’ p-a. International aviation & shipping
600 - reduction o )
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8_ 4th Carbon Budget emissions to 2030
S 400 | Agriculture non-CO2
4.7% p-a. m Other non-CO2 & LUC
300 - e reduction
2030-2050 M Transport
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100 . W Power
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1990 2008 2020 2030 2050 soyrce: ccc (2010) The Fourth Carbon Budget
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et EMISSIONS reductions since 1990

Climate Change

Where we were/are

Table 1: Emissions of greenhouse gases
UK and Crown Dependencies

MtCOze
2013 2014(p) Change
Total greenhouse gas emissions 568.3 5205 -B.4%
Carbon dioxide emissions 487.5 4220 9.7%
-;. Eﬂfﬂ“esunaﬁesnmw i which include removals from the atrmosphere by carbon sinks.
T T « 30% below 1990

baseline

Figure 1: Emigsions of greenhouse gases, UK and Crown Dependencies 1990-2014, (MtCO2e)

1,000

* 8.4% reduction 2013-
00 14 against growing
Total greenhouse gases economy (prOV|S|OnaI)

m_—-‘h‘"‘—-—-—...f\. o
—

Carbon dioxide

20 Source: 2014 UK Greenhouse Gas Emissions,
Provisional Figures — Annex: 1990-2013 UK Greenhouse
Gas Emissions, final figures by end-user sector including
uncertain estimate - DECC, March 2016
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Motes (p) 2014 estimates are provisional.
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et EmISsIions reductions since 1990

Climate Change

What'’s driving emissions reductions?

1990

Power Stations

Landfill L]

Other industrial combustion and electricity [
Other changes in industrial process e missions N

Coal mining and handling ]

Adipic acid production

Other

2013

100 200 300 400 500 600 700 800 900

Greenhouse gas emissions (MtCO2e)
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ceprment— (5etting to 2050 through carbon budgets

Climate Change

“Carbon budgeting”

600
CB1 26% reduction on 1990
500 . ] !
CB2 31% reduction on 1990
400 CB3 37% reduction on 1990
8
8 300 CB4 52% reduction on 1990
s
200
Where we need
to get to by 2050
100 =c.160MT
0
2008 2013 2018 2023 2028 2033 2038 2043 2048

First Carbon Second Carbon Third Carbon Fourth Carbon

Budget Budget Budget Budget

(2008-12) (2013-17) (2018-22) (2023-27)
Level (million 3,018 2,782 2,544 1,950 Approx.160 in 2050
tonnes carbon compared to the 1990
dioxide equivalent base year of 811
(MtcO2e))

% reduction below 26% 31% 37% 52% 80%
1990 levels
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Climate Change

Where we are

CB1 CB2 CB3 CB4
MET ON TRACK ON TRACK OFF TRACK
PuBLIC -108MT -153MT -20MT
PROJECTIONS -36MT -7T6MT -80MT +133MT
-44MT -16MT +219MT

Why is this happening?

Securing the UK’s Energy Future
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UK's electricity generation mix in
2030 In the CCC scenarios

== = =4
B = = = B £
o o o = o o

Installed capacity in 2030 [GW)
A
[=1

=

Mo climate action

R

Core
decarbonisation

Delayed

electrification

LCCGTCCS
B Coal CCS
Pump Storage
Other Renewables
Marine
" Hydro
Biomass
Offshore Wind
© Onshore Wind
u Nuclear
OCGT
" Unabated CCGT
" Unabated Coal

Source: Infrastructure and in a low carbon energy system to 2030 — Carbon Capture and Storage
Final Report for the Committee on Climate Change — Element Energy Limited, July 2013
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e Eating: the biggest and hardest
challenge of all?

Climate Change

600 - Who uses heat, and
500 - what for
« 45% of all energy use in UK 2 400
E 300 -
.. 200 - m Industry
« ~1/3 UK GHG emissions .
100 - m Commercial
_ _ 0 - m Domestic
L = e . I P NN
UK = one of most gxtenswe gas grids 5 g{z?oé@ce@é,eﬁe@o@o source: Eneray
and largest gas boiler markets in the F LS Consumption in the
o W G & 8 RO UK, 2014, DUKES,
world & S P 2014, Final
\é’*‘g s

Breakdown of final energy consumption in the UK

300 -
250 -
2% 7 Space Heati
m Space Heatin
2 150 - P "o
1S m Water Heating
100 - .
m Cooking
50 -
0 ® Industrial Processes

Transport m Heat = Other Source: Energy Consumption in the UK, 2014
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Climate Change

 Seasonal & diurnal heat demand variation

» Energy system development
- ‘Small’ number of power stations vs. ‘large’ number of boilers

« Consumer adoption

Gas-heating and electricity demand
December 2010

400

350 I

|| | ||=|
.- <-=4| ‘_ '_i!l T n =_:I lll _‘

Time / half-hourly
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Climate Change

Projected transport energy consumption by fuel

- high abatement scenario (carbon plan 2011)
60
5 50
g
5 40
o
B Transport S 30
1 0th ©
er z 20
[
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-00
O =l N MO < 1N O N W O O =0 N M T N ONOO O O
SESE8EE6888 58888 EEEE
M Petrol - road M Diesel - road
« Need low emission vehicles Bioethanol - road M Biodiesel - road
M Electricity - road M Diesel - rail
e Aim — every car/van low M Electricity - rail Bl Kerosene - aviation

emission by 2050
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Tems Transport — options?

Climate Change
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Challenges:

EVs
* Improving battery energy density
e reducing cost

FCEV
» H2 fuelling infrastructure
* reducing vehicle cost
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Climate Change

« We currently assume 8% biofuels for our carbon plan

« But biofuels can have some significant problems...

Indirect land use change (ILUC)

Before Aflter

Crop land

Crop land

g N '
y : 3 e v
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cmen - AgJriculture — Forward look to 2030

Climate Change
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" — Industry aspiration
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Climate Change

Generation mix (September 2015)

Sep-13

Sep-14

Twh 21

Aug-15

Twh 22

TWh 0,00 5.00 10,00 15.00 20.00 2500 30.00
B Muclear ®mCoal NOCGT EWind & Hydro @ Other

Source: Elexon
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Climate Change

o Key:
§m Orange — Other
gm Light Blue — Hydro
%m E': Purple — Wind
%m o Green—CCGT
gm Red — Coal
g Dark Blue - Nuclear
LALELE LI EA LS OIS P PP

Electrical Power Output Per 30 Minute Period (MW) September 2015

Source: Elexon
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Climate Change

* Novel approaches need support
through FITS, CfD — cost to
consumers

* Push EU for EU ETS reforms for
stronger, long-term price signals to
drive investment

18 Securing the UK’s Energy Future



& ..
weme:  Electricity Market Reform

Climate Change

« Two main mechanisms:
« Contracts for Difference

* generator party is paid the difference between the ‘strike
price’ and the ‘reference price’

« Capacity Market
« providing payment for reliable sources of capacity,

alongside their electricity revenues, to ensure they deliver
energy when needed
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Climate Change

ENERGY-TECHNOLOGY DEPLOYMENT

=
=
o
e 1
E L —————————————— o Total
E . | — —_— e ()]
5 10 A — Nuclear
I . .
a Materiality . == | iquid natural gas
5 R t ----------- : s Biofuels (first
B & < : = generation)
g E}? . - ; === \\/ind
g‘ 3 1057 A o : == Solar photovoltaic
= 9 === Carbon capture
3 T - R SN, e and storage*
(=] ' » Biofuels (second
E ) ) generation)
3 104 meeem : ol S ' __:_.{F .............................................. oo WS
= f ; /
§ o Blueprints projections
% 1(}3 | | I | | | I - | | I | | | I | | I I

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

Year

*Coal and natural gas used in power generation with carbon capture and storage

Figure 1| Global production of primary energy sources. When a technology produces 1,000 terajoules
a year (equivalent to 500 barrels of oil a day), the technology is ‘available. It can take 30 years to reach
materiality (1% of world energy mix). Projections after 2007 taken from Shell’s Blueprints scenario”.

Krammer, G.J. & Haigh, M., Nature 462, 568-569 (December 2009)
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Climate Change
Gas and coal key generation fuels in 2014; significant growth in renewables

Off and Renewables T +21% on last year

3% (share up 4.2 percentage points)

Coal
Renewables 30%

19%

Gas t +5.1% (3.0 pp)

Coal l' -23% (-6.7 pp)

Nuclear Nuclear " -9.7% (-0.8 pp)

19%

Gas
30%

Generation down 6% in 2014; final consumption lowest since 1995

MNet imports
Other fuels
Other renewables
mWind & Solar
m Hydro (natural flow) Source: DECC,
DUKES 2015
m Nuclear
m Gas

m Ol

m Coal

1980 1990 2000 2014




® . Coal: closure of unabated coal power

of Energy &

Climate Change by 202 5?

Map 2A: UK coal production sites and ports3

Source: DECC,
DUKES 2015
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Natural gas flow chart 2014 (TWh)

54  lron & Steel

87.0 Other Industry

Other Final
96.4 Customers

24
Net Stock build

Production

Domestic

Power Stations

56.1 54

Other Distribution Losses

Non-Energy Use
Transformation & Energy Industry Use

Exports

Notes:
This flow chart is based on the data that appear in Table 4.1, excluding colliery methane.

Source: DECC, DUKES 2015
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Climate Change

DUKES Natural Gas 2014

Gas Production i e Gas Imports
2000 from the
peak to In2014
the end imports fell
of 2013, by 11 per 477 TWh
cent

In 2014
production 425 TWh

was up 0.2 per
cent

1970 1980 1990 2000 2010 2014 1970 1910 1990 2000 2010 2014
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Depal’tment Map: UK imports and exports of gas G2 2015'
of Energy & aS

Climate Change Blane (UK) Ula Field
Field =\ orwegian)

0.0 TWh o
o Vesterled Pipeline

Chart 4.1 Production and imports and 1 BETWI L pen
exports of natural gas S GioaNVega

Langeled Pipeline
22.4 TWh

s o
. .
Im 1 I'
.- ) UK-Ireland E:?;u?mmm
Interconnector : o0 W

12.7 TWh

‘,/_7{ 21.0 TWh
E LNG
LNG == 2.9 TWh
32.7 TWh

UK-Belgium
Interconnector

L
=P Imports
i - Exports
O o@ O3 o4 o O 0O 4 ol OF OF o4 O o2 ) o
R 2Ha a4 = NTS - National Transmission
System for gas, including link
. ol e e to N. Ireland

1. Please note that imports and exports in this map uses nominated flows through the UK-Belgum Interconnector and BEL
pipeline as in table 4.1. The figures here will differ from those in ET Table 4.3 which uses actual physical Siows through the:
Interconnector.

Source: DECC, Energy Trends September 2015
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wes  Historical trends In gas prices

Climate Change

Gas Prices 5 Year (p/therm)

80.0

70.0

60.0 -
50.0 -

——UK (NBP)
40.0

e German (NCG)
30.0

Netherlands (TTF)

20.0

10.0

D.D ! ! ! !

13 Jul 13 Jul 13 Jul 13 Jul 13 Jul
2010 2011 2012 2013 2014

Source: Argus Media Copyright © 2015 Argus Media group. All rights
reserved
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Climate Change

140.00 -
120.00
100.00
£ 80.00
1]
£
< 60.00
40.00
20.00
000 T T T T T T T T T T T T T T T T T T T T T T
NN R I N A R N R ) K 3] S b v o )
; Q A A 3 @ ) N & =y
=& & Y fe) &
= NBP (UK) = TTF (Netherlands) = (German border (oil-inked proxy) Henry Hub (US) Northeast Asia LNG
pot price Source
UK NBP Argus
TTF Argus

Bafa
Bloomberg

German Border
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=2 Natural gas price projections

Figure 1: DECC 2015 natural gas price projections
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[==]
=
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Source: DECC 2015 Fossil Fuel Price Assumptions
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Climate Change

UK Gas Demand and Production Projections

2

Million tonnes of oil equivalent (Mtoe)
00
o

120

3

60 —
40

20 —— ——

0 T T T T T T T T T
IR I I

= Reference Scenario s |ow prices == High prices == Net production

Sources: Demand projections - https://www.gov.uk/government/publications/updated-energy-and-emissions-
projections-2014#history
Production projections - https://www.gov.uk/guidance/oil-and-gas-uk-field-data

29 Securing the UK’s Energy Future



https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2014#history
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Current UK onshore
oill and gas fields
(prior to any 14th
Licensing Round
awards)

2189 onshore wells drilled up
to 2014

378 wells active in 2014 (not
all actively producing but can
be brought online at short
notice)

Source: Oil & Gas Authority

o
=
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Climate Change

31 Securing the UK’s Energy Future



& : :
sems Hydraulic Fracturing

Climate Change

IGAS Coal Bed Methane site - Warrington

Drilling stage Production stage
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sms Regulatory regime

OGA awards exclusive Licence after competition

\ 4

A 4

A 4

HSE EA County Council
*  Scrutiny before +  Abstraction licences * Planning permission (public
operations , . Environmental consultation)
° UElEEE permits « Traffic, noise, visual
construction g . .
J Independent Statutory intrusion, _nature
verification consultee conservation .
o Safety of drilling * Appeal route to Planning
operations Inspectorate/DCLG SoS
v

consent

OGA checks the HSE, environmental and planning consents and notifications are in
place and new Infrastructure Act conditions, issues well consent and hydraulic fracturing
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Exploration well

Note England only
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Systems, not technologies!
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Energy Research Partnership

e esearch Partnership

Essential Grid Services

Short Term Operating Reserve (STOR) is
available within 5-20 minutes of

I > instruction, although some can be as
50,10 - long as 4 hours. This provides a longer
. term replacement for the lost generation
, 00 Hz target N —
500 | l'bw -

B0 .20

§ Generator loss incident
T 49.90 1000MW is lost at 13:43.
= —— ) o | — Frequency drops to 49.6
= as eserve IS avallapie orepacepan Hz before recovery
Inertia slows the fall that was on frequency control and aid . S
begins. Statutory limit is

recovery by increasing generation within

in frequency
2 minutes of instruction 49.5 Hz.

immediately after an
incident, buying time
for frequency
response services to
act

There are 22* ancillary services
NG buy, but these four are key
for energy balancing + the need

13:45
1d4:530 L

Time (starting Tue, d Oct 2005 13:30:00 +0100) for firm capacity > peak demand
Freqguency response automatically

increases generation or decreases * Others include: voltage control; MaxGen,
demand to begin recovery. Acts in 10- warming and fast start contracts for fossil;
30s window (primary) or 30s-30m intertrips; transmission constraint agreements;

window (secondary) SO to SO (interconnector) services; black start.




Energy Research Partnership

The need for firm capacity

With no new nuclear (or any other zero carbon firm
capacity), the best that 60 GW of onshore wind can
achieve is about 170 g/kWh

Infinite storage

Emissions in 2030 — Unabated CCGT as Flexible Backup

or demand side
response could
improve that to
133 g/kWh

\ 4
170 g/kWh

=4

133 g/kWh [

CCC target

of 50 g/kWh

0 10 20 30 40 T

G

System CO2 Intensity (g/kWh)

11 GW 28 GW Wind capacity (GW)
wind today NREAP

If wind build didn’t exceed the National
Renewable Energy Action Plant then 23 GW
of nuclear would achieve 50 g/kWh

Building 20 GW of
nuclear means 50 g/kWh
can be achieved with 42

GW of onshore wind




emes Final thoughts...

Climate Change

United Nations
e Sofar. so good! C Framework Convention on
’ Climate Change

« Challenges becoming greater

* Future milestones: Committee on
« COP 21 (December 2015)
« CCC Advice on 5" Carbon Budget (end 2015)

« Set 5" Carbon Budget (June 2016)
« New emissions reduction plan (after 5t" CB)

« Limits to what can be done with today’s
technologies

A
[ )
.
b

* |nnovation essential in;:

« Technology i 5 1]
« Business models O\
 Markets %

Source: http://www.telegesis.com/our-
markets/home-automation/
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http://www.telegesis.com/wp-content/uploads/2014/11/Telegesis-Home-Automation.jpg
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Thank you

John Loughhead
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s Picture of today’s energy system

Climate Change

Energy Flow Chart 2014
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ewa  Shale: Where 1s 1t In the UK?

Climate Change

l:] Area of Strategic Envron-
mental Assessment (SEA)

A [ |Licensed (November 2013)
D Northern England
shale gas study

D Weald Basin shale gas/
shale oil study

D Midland Valley of Scotland
shale gas / shale oil study
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a3
et Bath & Somerset

Climate Change

* No active wells

« Handful of licence blocks being considered in region (subject to
Habitat Regulation Assessments)

+ I

DECC - Wells

© Coal Bed Methane

Conventional Oil and Gas
Gas Storage

Mine Gas

® © © ®

Shale Gas

DECC - Licences

OGA - Blocks Offered For Award

D

OGA - Blocks Subject to Appropriate
Assessment

BGS/DECC - Shale Prospective Areas
’ o / |
v 3 / /

Y 57 Lower itnial
p Y Fam
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«fei  Shale gas — potential benefits?

Getting ready for UK shale gas

Supply chain, skills requirements and opportunities

& |

w

20m homes’

Potential number of UK homes
heated by UK shale gas production
at peak times

Estimated spend o bring UK
shale wells into production
between 2016 and 2032

4,000

Estimated number of
horizontal wells to be drilled
onshore for UK shale by 2032

Estimated spend on hydraulic
fracturing between 2016 and 2032

Mﬁ =

Estimated cost to build
50 high-tonnage rigs and
required workover rigs

High-tonnage drilling rigs
required for peak years

~ :£205bn~;;.

or,\\i"o
" . mplm
iy | ®

£2.3bn £4.1bn

Estimated spend on steel casing | Estimated spend on drilling fluid and water
and heads between I waste management, including storage and

2016 and 2032 i transportation between 2016 and 2032

+ Gatting Shale Gas Working’, oD, 2013

Securing the UK’s Energy Future

In the last four years, UK
universities have seen:

41.1%

Increase in number of students
graduates with a Chemicals,
Process, and Engineering degree

&

21.7%

Increase in number of graduates
with a geclogy degree

Workforce opportunities
created by UK shale:

i
6,100

Site development (direct)
jobs at peak

Up to six times the
national average

(s

£36,000 to £160,000

Typical salary ranges for direct site

development jobs
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casing

72nd

WL\66’

Davies R.J., et al., Oil and gas wells and their integrity: Implications for shale and unconventional resource exploration, Marine and
Petroleum Geology (2014), http://dx.doi.org/10.1016/j.marpetgeo.2014.03.001
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s Selsmic activity 1970-2012

Climate Change

® Coal mining

© Fracking

» Geothermal

® Potash mining
® Natural

= Undefined

Fracking

0.1% Possible potashm\Geothem\al
0.1% 0.1%

Source: Miles P. Wilson, Richard J. Davies, Gillian R. Foulger, Bruce R. Julian, Peter Styles, Jon G. Gluyas, Sam Almond, Anthropogenic
earthquakes in the UK: A national baseline prior to shale exploitation, Marine and Petroleum Geology, 2015, Available online 22 August 2015
http://dx.doi.org/10.1016/[.marpetge0.2015.08.023
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Traffic light
monitoring system

Controls are in place so that operators will have to assess
the location of faults before fracking, monitor seismic activity
in real time and stop if even minor earth tremors occur.

If a magnitude greater than M| 0.5 ! (0.5 on the Richter scale)
is detected operations will stop and the pressure of the fluid
will be reduced. This level should limit further earthquakes,
known as ‘induced seismicity’, which may happen after the
pumping is completed.

M / Magnitude

4 o0
© Own -

“subject to review and may change.

///w,,
Aclo)
Y
Injection proceeds
as planned

0.0

45 Securing the UK’s Energy Future

-
=]

5 Strong earthquake; Ebllon's of damage, Joss of Ko

N W e N O

Seismic activity

ENERGY EQUIVALENTS
0.1 | _Krakatoa eruption

03 1
10 |~ Japan’s 2011 Tohoku
Earthquake / Tsunami 10 9.0

Great earthquake; massive bss of e

Major earthquake; severe economic impact, large loss of Me

100
1,000

Moderate earthquake; property damage
- Average tornado

10,000 \ _ Large lightning boit

100,000
Felt noticeably indoors: vitrations e passing trucks \

1,000,000 Moderate lightning boit
Number.of earthquakes per year (worldwide)

Most induced events from
mining and shale gas

Light earthquake; some propecty damage

Minor earthquake; felt by humans

Detected only by sensitive equipment

Point at which injection is stopped

Micro-earthquakes recorded during fracking
4

O OM orgna artwvh
vy Notural Resources Candds

Injection proceeds with
caution, possibly at reduced
rates. Monitoring is intensified

|

Injection is
suspended
immediately

0.5y




