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The UK Energy System ﬁ/@y

technologies
Expect continued upward pressure on UK Energy prices i \ institute
il rrespective of figreen taxeso
A Driven by the need to renew aging infrastructure
There are logical asset replacements (technically and
financially) that we should implement to ensure security, and Sustainable

sustainability
A Nuclear
A Fossil fuelled plants with CCS
A Bioenergy feedstocks (for heat and power)
A Offshore renewables

A Efficiency improvements (transport and buildings) Secure Affordable

These are affordableat1-2 % GDP provi ded ¢é.
A We make informed choices
A We avoid duplication (optimise the system)
A We innovate (technology, business models) to drive down cost
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Scale of the UK challenge .... ﬁ/energy
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A B2M PEOPIE ..o growing to 77m by 2050
A 24MCAIS ooooeiiciicece e, growing to 40m by 2050

A Over 200 o6significantdé power stations
average age >20 years

A Over 90GW generation capacity ....................... from 1MW to 3.9GW

A 27m domestic dWellings .........ccceevvrivieeieeireeenne. 80% will still be in use in 2050
total dwellings 38m by 2050

A Final users spent £124bn on energy in 2010 .... 9% of GDP

A 5.5m households in fuel poverty
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Assets are ageing but are largely paid for ﬁ/@y

Investment cases for replacements require assurity of capital return technoloaies
Identification and targeting of the most effective investment opportunities \ g_
is critical to engaging potential investors GRS

UK electricity generation capacity

100.0 ~50% of these plants added in last 10 years totalling

>20GW but only 200MW average plant size

90.0
20% of capacity, 4% of plants
80.0 average age i 35 years
70.0
40% of capacity, 10% of plants
60.0 average age 1 33 years
50.0 .
60% of capacity, 15% of plants
40.0 average age i 28 years
30.0 80% of capacity, 30% of plants
average age i 21 years

20.0
10.0  100% of capacity, 100% of plants

average age 1 14 years HHHHHWN

0.0 g g mmmmmmm ¥ rrnrrﬂrrﬂrrﬂHFﬂHHHHFﬂﬂFﬂﬂmﬂmHmﬂmﬂmﬂmﬂmﬂmﬂmﬂmﬂmmmmmmm

220 grid connected UK electricity generation plants in 2013/14 (>5MW)
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What might the UK energy system look

like in 2050 ......

A Decided by global developments i not just
UK events, decisions and policy

UK and global economy
Industry and technology developments

UK demand changes 1 scale and
segmentation

Global socio-political events

International market confidence

A The future is uncertain and we need an
energy system design that allows for this

©2013 Energy Technologies Institute LLP - Subject to notes on page 1

%y

technologies

institute




ESMETETI 6s system des-m/@/

integrating power, heat, transport and infrastructure

providing national / regional system designs for lowest cost
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Mt CO2/yr
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Total System Cost
‘ ! ! ! 100 3000
W Wave Power uWave
M Tidal Stream 2500  Tidal Stream
W Hydro Power e
B Onshore Wind ydro
W Offshore Wind B Wind
HH2 Turbipe o 2000 Nuclear
m Anaerobic Digestion CHP Plant —

Incineration of Waste - W \Wet Waste
W Biogas Production with CCS E 1500 —— " DryWaste

,Ii‘ion‘]ass Fired Generation B Biomass

uclear
m CCGT with CCS 1000 B Coal
B CCGT HGas
W IGCC Coal with CCS .

PC Coal with CCS S0 Biofuel Imports
mPCCoal 1 Aviation Fuel
mocGT H Petrol
W Macro CHP 0
W il Fired Generation W Diesel

2010 2010 2050
270 280 290 300 310
fb n/ye ar | Power Capacity (GW)
e
Il Biogas Production w CCS 400
I ccerwces
B H2Turbine
Binternational A& s Bl Hydro Power 350
- B ccccoalwecs
Transport Sector f Nidioai
o s M ocer Heat Pump (Air Source)
By Sector
I Offshore Wind . L N
M Power sector B Onshore Wind Electric Resistive Heating

Mindustry Sector

W Bioenergy Credits

2009 2030

©2013 Energy Technologies Institute LLP - Subject to notes on page 1

PC Coalw CCS

2009

2030

2050

W Gas Boiler

W Oil Boiler

W District Heating (MD, ThP)
m District Heating (HD, ThP)
W District Heating (HD, Thm)
W Solid Fuel Boiler

@ ESME

Energy System

Modelling Environment

(



Implications for the UK

technical priorities

Power
Short Nuclear
(now) Fossil + CCS
(Gas and Coal)
Offshore
Renewables
Medium Bioenergy
(to 2025) (+CCS)
Long Hydrogen

(post 2025)
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Heat

Efficiency

Building retrofit
for efficiency
and comfort

Electricity
(heat pumps)

District heating
(Awaste hear:
and dedicated plants)
Building energy
management
systems

Area energy
management
systems

Transport
Efficiency

(components, sub-
systems and systems
integration in liquid
fuelled vehicles)

Electrification

Biofuels

Hydrogen

ereray
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Infrastructure

Distribution

systems

(cost effective upgrade
approaches to allow
increased loading)

Energy storage
(gas and electricity)

CO, transport
network

Hydrogen storage
preparation

Hydrogen storage



UK electricity generation capacity ﬁ/energy

Optimised for lowest cost starting from today and incorporating planned

plant closures and life extensions teChnOI,og_les
Institute
140
120 A Timing new
technology
100 availability to
. align with market
> opportunity is key
60
40
20
Coal + CCS
0
2PI22 L2 2RI AIJIISHITI
S22 8388888888888 8¢8 @ ESME
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Getting to 2050 is affordable

Incremental 2010-2050 cost of delivering national energy system which

%y

meets CO2 targets is 1-2% of GDP teChnOk_)g.'es
Institute
NPV £ bn 2010-2050
600 -
500 |- ‘
1% of
2050
400 - . GDP
300 - - -I_ \ 4
200 -
1% of
2050
100 - GDP
O . . . . . . . . 4
No Perfect Practical No No No CCS No Bio No No
Targets low cost low cost building Nuclear Offshore additional
route route efficiency wind HD vehicle
packages efficiency
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We are on the right road for 2030

nuclear new build, efficiency (transport and buildings), offshore

%y

oener &?Chyp‘og'e§ at i

renewables, CCS demonstration and bi L
regretsod6 decisions and put the UK on a PN o s
NPV £ bn 2010-2050
600 - _
RED lines =
< 2030 NPV
500 - levels
400 -
a0 |- I_. -
200 -
100 -
O T T T T
No Perfect Practical No No No CCS No Bio No No
Targets low cost low cost building Nuclear Offshore additional
route route efficiency wind HD vehicle
packages efficiency
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2050 technology options

first appearances of major technologies, in order of increasing effective

carbon price

2010 £/Te CO2

500
450
400
350
300
250
200
150
100
50
0

>£300/Te or >$480/Te

Energy storage and distribution

Biomass to heat

Efficiency improvements
Buildings, heating, vehicles (HDV
and cars), industry, appliances, Nuclear

%y
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Marine

Offshore

................................................................. wind

Light vehicles

(fuel cell / electrification)

Bioenergy

—

0% 10% 20% 30% 40% 50%

UK Energy System CO2 Reduction

(including aviation and shipping)
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60% 70% 80% 90% 100%

UK 2050
target
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3 key challenges in accelerating take-up %

technologles
|nst|tute
2010 £/Te CO2
00 Marine
450 V
400 New business models Cost reduction

350 . | Offshore
Investor confidence wind

300

250 Light vehicles

o0 Energy storage and distribution (fuel cell / electrification)

Biomass to heat

150 | Efficiency improvements
Buildings, heating, vehicles (HDV

Bioenergy

100 | and cars), industry, appliances, Nuclear
50 |
O —
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
UK Energy System CO2 Reduction UK 2050

(including aviation and shipping) target

©2013 Energy Technologies Institute LLP - Subject to notes on page 1 12



technologies

institute

Reducing cost
ETI Offshore Wind programme

©2013 Energy Technologies Institute LLP - Subject to notes on page 1 13



Floating wind turbine §/
energy

FEED study in delivery for ETI from Glosten using Alstom 6MW turbine technol &
Site development ongoing at WaveHub off Cornwall echno qg_les
Institute
- ¥ A Tension Leg Platform (TLP) suitable for 60-120m

water
New technology for wind applications

A New technology for these (shallow) water depths
(60-120m)

A Spar Buoy (>120m water depth) already under
test by Hywind

A Semi-submersibles already under test in several
areas

A TLP potentially has lower cost owing to less
material in structure BUT ....

A cost of cables, seabed interface and operation in
shallow water with high tidal range all to be
addressed

A Tank testing completed successfully at Marin
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Wind Turbine drive train test rig §/ener y

15MW rig in supply from GE Power Systems (UK) and MTS (USA) .
£25m contract from ETI technologies

: : : \ institute
Commercial operation 2013 at UK National Renewable Energy Centre
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First customer i Samsung
(7MW turbine delivered August 2013) [l SUREg 1 =
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Building investor confidence
ETI CCS programme
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ETI informing CCS national planning

ETI projects, in-house tool development and strategic analysis

§/ener

@.0rr [JRollsRoyce 7 omem

tech nologles
mst itute
Energy System
CD 2 Sto rEd Mod(.'ylmg Environment Ill | "I"“ | ‘ |
UKSAP COz2 Stored CCS System Modelling Toolkit ESME CO2 Nomica
Comprehensive database of The creation of a system modelling A national energy system design An ecopomic model! for.in-house
potential UK CO2 Storage licensed toolkit capable of simulating the tool focusing on a whole systems use which builds up estimated
to The Crown Estate and British operation of all aspects ofthe CCS  analysis integrating power, heat, costs for the offshore infrastructure
Geological Survey chain from capture and transport to transport and infrastructure and spch_as onshore compression,
Database developed out of ETI storage and maintenance. their interactions. pipelines, platforms and wells.
£4m UK Storage Appraisal Project
.-
senergy @ Belge sy N pse 3 Edtech ;5_‘,‘, elementenergy
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Strategic planning of CCS

key to CO2 storage development in the UK

Pipelines and platforms will dominate

transport and storage costs

Undiscounted cumulative average real cost of CO, by end of

25

phase breakdown

Boosting electricity
« Distribution pipelines
= Offshore hub
= Injection well

® Injection facilities
uRemediation

= Appraisal

= Transmission Pipelines
m Shoreline Terminals

Undiscounted real cost by end of phase (E/CO,)

20
15 1
10
5 ]
| i

Phase 1

Phase 2 Phase 3 Phase 4 Phase § Phase 6

Timescale

Total Flow,
Mte/a

Number of Hubs
Sinks in Use
Number of Wells

No of T/X
pipelines

2020-24 2025-29 2030-34 2035-39 2040-44 2045-49

15 40 80 110 110 110
2 4 5 6 6 6
2 5 10 14 14 16

10 30 100 130 150 200
2 6 12 16 16 18
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East of England network development is
key to reducing emissions and
minimising transport & storage costs

TO CNS/NNEFOR EOR AND EXTRA CAPACITY

141074
2@Q, INTERCONNECTION

Phase 1 |2020-25
Phase 2 |2025-30
Phase 3 [2030-35
Phase 4 |2035-40
Phase 5 |2040-45
___«|Phase 6 |2045-50

LEGEND
Blue - Aquifer
Green - Hydrocarbon

Store Tag No. is the CO2Stored |
Development Phase

A Similar (but smaller) networks envisaged in the
East Irish Sea and Central North Sea
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Strategic planning of CCS

key to CO2 storage development in the UK

Pipelines and platforms will dominate
transport and storage costs

Undiscounted cumulative average real cost of CO, by end of

25

20

Undiscounted real cost by end of phase (E/CO,)

15 = Offshore hub
= Injection well
® Injection facilities
10 uRemediation
= Appraisal
= Transmission Pipelines
5 ] = Shoreline Terminals

phase breakdown

'Boosting electricity
« Distribution pipelines

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6

Timescale 2020-24
Total Flow,
Mte/a =

Number of Hubs 2
Sinks in Use 2
Number of Wells 10

No of T/X

pipelines Z

2025-29 2030-34 2035-39 2040-44 2045-49

40 80 110 110 110
4 5 6 6 6
5 10 14 14 16

30 100 130 150 200
6 12 16 16 18
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East Irish Sea developments follow
Southern North Sea

LEGEND

Blue - Aguifer

Green - Hydrocarbon ;
Stogg Tag No. is the CO2Stored ID|

Phase 6 |2045-50

i Phase 5 |2040-45
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Building investor confidence in CCS §/
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A Financing CCS
In partnership with Ecofin Foundation ETI Ecofin reess,
engaged Wlth bankers, insurers and Workable solutions for a low-carbon future

developers, IEA, EIB and GIB to build
understanding of strategies to enable private
sector financing of CCS

A Commercial development

Contributed to the DECC Cost Reduction
Task Force (CRTF)

Leading the CCS Commercial Development
Group (with Ecofin) to follow up on CRTF
recommendations and actions
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