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Introduction to the ETI

e The Energy Technologies Institute - what do we do?

* An affordable energy system transition

* Nuclear in a UK low carbon 2050 energy system

The ETI's recent projects and analysis —

« SMR Deployment Enablers Project — delivered by Decision Analysis Services

e Alternative Nuclear Technologies Study Phase 3 — delivered by Mott MacDonald
 Power Plant Siting Study Phase 3 — delivered by Atkins

Integrated analysis and conclusions
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 The ETl is a public-private partnership
between global energy and engineering
companies and the UK Government.

» Targeted development, demonstration and
de-risking of new technologies for
affordable and secure energy

e Shared risk

ETI members
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Department for
Business, En
& Industrial Strategy
EPSRC Innovate UK

Pioneering research Technology Strategy Board
and skills

ETI programme associate

HITACHI

Inspire the Next
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System level
strategic

Technology
development &

planning demonstration

I

Delivering
knowledge &
Innovation
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Integrating power, heat, transport and infrastructure " ESME

providing national / regional system designs Energy System

Modelling Environment
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==B Conclusions from published ET! insights (1) — (-
Z=Ral role for nuclear in a low carbon energy SyStem technelogies

energy

|0 YEARS
10 PREPARE

0r 3 low
carbon transition

New nuclear plants can form a major part of an
affordable low carbon transition

X

w .‘ ‘ E
-u--. ’
1 1
with potential roles for both large nuclear and small

e
modular reactors (SMRs)

Large reactors are best suited for baseload electricity
production

analysis indicates an Upper capacity

limit in England & Wales to 2050 from
site availability of

3 Sawe

Actual deployment will be influenced by a number of factors
and could be lower. Alongside large nuclear, SMRs may be
less cost effective for baseload electricity production

SMR’s could fulfil an additional role in a UK low carbon
energy system by delivering combined heat and power

a major contribution to the decarbonisation

of energy use in buildings

=Lik]

but deployment depends on availability
of district heating infrastructure

SMR’s offer more flexibility with deployment locations that could
deliver heat into cities via hot water pipelines up to

30km |

inlength  glemld

Assessed deployment
capacity of at least

21GWe

limit could be higher

Total nuclear contribution in the 2050 energy mix could be around 50 GWe;
SMRs contributing nuclear capacity above 40 GWe will require flexibility in
power delivery to aid balancing of the grid

Future nuclear technologies will only
be deployed if there is a market need

et

and these technologies provide
the most cost effective solution

© 2015 Energy Technologies Institute LLP

ﬁdecision is required now

10year

whether to begin 10 years of enabling activities
leading to a final investment decision for a first
commercially operated UK SMR

.

earliest operational
date around

[

2030/

A strategic approach to reactor siting together
with public consultation

0+ M

~

will be important in determining the extent of
deployment of both large nuclear and SMR’s

http://www.eti.co.uk/the-role-for-nuclear-within-a-low-carbon-energy-system/
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What are the enabling activities in the first five years of an SMR programme necessary to
support potential operations of a first UK SMR by 20307

« SMR Deployment Enablers Project

What are the design, cost and operational implications of committing to a plant which is CHP
ready when built? What are the potential cooling system choices and economic impacts if
unconstrained access to cooling water becomes more difficult?

« System Requirements For Alternative Nuclear Technologies Phase 3

What is the range of locations suitable for early SMR deployment and is there an obvious front
runner for a First Of A Kind (FOAK) SMR site?

e Power Plant Siting Study Phase 3
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Policy framework Capable
supporting project and credible
economics vendor

Investor _
confidence Credible Capable

to progress integrated and credible

stage-gated programme developer
investments

Credible FOAK site Commitment for
amongst a range of UK regulatory
deployment sites assessment (GDA)
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Governance structure Governance structure
reflecting shareholding reflecting shareholding

el Investment through - oy Investment through .
Direction cash and/or assets Oversight Direction cash P anc assefs Oversight

v v Vs v v v
UK SMR developer | operator Technology vendor

Credible nuclear operator Cash flow Lead as requesting party for GDA
Technology selection? }‘ Technology development
Public engagement on case for SMRs UK market Other market Other market

Business case development

<
Funded decommissioning plans B

GDA | SLA

Site selection support

Site licensing
Consents and applications

N I \ \ v

Support Cash flow Regional supply chain contracts

\V

Utility supply chain contracts

Global supply chain contracts
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Approach To The ETI's
SMR Deployment Enablers Project
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Systematic Application Of Project Tools

-+

Market led

baseline schedule

[ [ 1+

+ |-
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Evidence
Detailed work Single scope description ; g
| breakdown structure sheet per WBS item Risks Assumptions I IIIIII
Integrated schedule Org?jg':i‘-’ tlflo kRl Project reports
First five years

Project Outputs
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WBS
UK SMR FOAK
Development
Programme

BS1 WBS3 BSS BS7

BS9

Facilitative action
by UK Government

BS2

Understand
and negotiate
business case

Establish credible
nuclear operator

Select and
acquire site(s),
seek consent for
preliminary works

Accelerate
technology
development

approved funded
decommissioning
programme

Obtain assessments
permitting and
consents

Establish

Initiate supply chain
development

Identify and
engage with FOAK
stakeholders
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Key

Prepare CDA

AW DAC, SoDA

Requesting party

R Site licence grant
BEImIREWOIRSS N uclear significant construction
é 60 N 15 P N
: months months months
4 4 4 4
Decision Decision Decision Decision Decision
point point point point point

Key dates & assumptions (durations):

o GDA starts end 2017 (5 years)

« Site licensing preparations from early 2021 (4 and a half years)

» Site preliminary end 2023 (21 months)

* FID 2025 followed by nuclear construction and commissioning (5 years)
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ETE R e ET ET T e e T T T R e T

ey
S g [reouoer |
| comcgototons 4

Operator

and vendor ‘

identified

Stage 2 investment case

REEd  Develop intelligent operator organisation, inc. nuclear basline

FDP application V-

EC liaison Euratom (A37, 41-44, 78} v

; = = 5 Licence |
Develop site licence application permit grant

Early engagement Operator SLA interaction Assessment
FOAK site .
m nomination Site acg'n
BR% Consultations - Local consultations Local cons

SRR / Regulatory holdpoints and permissions

sreveeeened W DCO grant

Grid connection ﬁ - =
g4 Grid enabling works
agreement Grid enabling worl

Preliminary works

Nuclear significant construction

Supply chain engagement b -

O . IR
- a
Prepare GDA submissions iDAC, iSoDA : FOAK reactar

operational
DA DAC, SoDA :

1] FOAK assembly and testing :
Refine m'fr process NOAK manufacturing and factory testing

NOAK site acquisition(s) NOAK site preliminary works

With UK Government Facilitation of enabling activities, vendor and developer activities can
proceed in parallel - facilitation enables deployment acceleration
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Enabling Activities In The First 5 Years “(energy
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First five year programme -
!
1

2017 I I I " ) W

» NPS updated (to support DCO preparation)
) Site confirmed (route to acquisition
understood)
» CiD principles outlined
(inc. District Heat assumptions)
» Regulatory justification

Assumed investment trigger:

'
1
1
1
I
'
1
1
I
1
1
1
op interim (Phase 1b) investment case Issue of IDAC, ISoDA :
i

14 Management prospecti

Euratom

Long lead procurement

Issue SoDA

h 4

Operator | vendor bootcamp Issue ISoDA

v

Discussions with Initial assessment
requesting party of application

Detailed assessment Consultation Review and decisi

Issue DAC

h 4

Issue IDAC

Sf Step1 Step4

[@ll Discussions with requesting party e ; erall design, safety and security review Detailed design, safety and security assessment
‘Review of claims’ ‘Review of arguments’ ‘Review of evidence” :
1
£ vendorPr i :

Requesting Vendor Preliminary s SHOoLE - i Finalise vendor
v Construction Safety ' : v
party Safety Report (PSR) Report (PCSR) ot : PCSR

. i 1

Update GDA required documents.
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Bl Scrvices Required From A UK SMR energy
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Large reactors optimal here

Operated with

Baseload power daily shaped (Slightly) reduced
Electricity only (continuous full power profile baseload power
SMR power plant power operation when required to  with extra storage
between outages) help balance the & surge capacity
grid

Combined Heat & As above but with  As above but with As above but with
—~_~, Power (CHP) plant heat heat heat

— N\

Power, heat and flexibility SMRs optimal here
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=== SMRs For CHP — Analysis Of Impact Of 9/@5«

; : - - technologies
el \Vodule Size and Thermal Efficiency Vinatute
1000
Key

900

800 it Results scaled for

700 same electricity

———

<00 output (300 MWe)
g when operated in
g 500 power Only mode
[
“ 400

300 e el +Generator

e : 2 losses:
200 20t 4.7 -+ Generstor

“*LP section:

33
100

Plant A - Plant B - Plant A - maximum Plant B - maximum
power only power only extraction extraction

System design and cost estimation used to compare heat extraction from:
A - smaller, reactor module and secondary steam system with lower thermal efficiency, against
B - larger reactor module and secondary steam system with higher thermal efficiency

Conclusions
 An SMR with relatively lower thermal efficiency produces more heat
« An SMR selected for cost effectiveness for power will still be cost effective for CHP
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ANT1&2  ANT1&2 ANT3 ANT 3

(power (CHP) PlantA PlantB
only) (CHP) (CHP)
5 Gross electrical efficiency in power-only mode 37% 37% 31.4% 34.4%
S | CHP CAPEX increment - £/kWe (net) - £200 £544 £529
= CHP OPEX increment - £/kWe p/a (net) - £5 £4 £4

Model output — internal rate of return

Model output — internal rate of return

Scenarios from previous modelling work reported earlier:
1. Indicative NOAK CAPEX of around £4,700/Mw,
2. Competitive baseload CAPEX target of £3,600/Mw,

Conclusions:

 SMR economics more favourable as CHP plants compared with electricity only

» Details within analysis have changed from earlier work, but conclusions have not
» Economic differences between plants A and B are small when modified for CHP
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		ANT1&2 (power only)

		ANT1&2 (CHP)

		ANT 3 Plant A (CHP)

		ANT 3 Plant B (CHP)



		Model inputs

		Gross electrical efficiency in power-only mode

		37%

		37%

		31.4%

		34.4%



		

		CHP CAPEX increment - £/kWe (net)

		-

		£200

		£544

		£529



		

		CHP OPEX increment - £/kWe p/a (net)

		-

		£5

		£4

		£4



		

		Scenario 1: Base electricity-only plant CAPEX = ~£4,700 (indicative cost scenario from Phases 1& 2)



		

		Model output – internal rate of return 

		7.7%

		11%

		11.2%

		10.6%



		

		Scenario 2: Base electricity-only plant CAPEX = ~£3,600 (target cost from Phases 1 and 2)



		

		Model output – internal rate of return

		10.1%

		13.7%

		13.7%

		13.0%








=== Exploiting The Economies Of Multiples — y@y
= UK GDA and Coping With Variants i

Standardise To Exploit Economies of Multiples

|
Reactor Ultimate ' —_—
Heat , Process
| / Heat
|
|

| I

| |

| |

| . |

| Sink / Heat
| I |Offtake Desalination
| :

| |

| |

|

|

|
|
|
|
|
s f
Balance | Turbine 1 Options | co!oe 0
of Hall \'\ District || Design To
| RN ) | |Be Assessed
Plant S Heating | | Through
! | | Generic
L““““//{‘\— - | | Design
) | : Assessment
| [Cooling System Options ] Options to |
| Support :
| / / \ \ Local Market |
| . _ . _ and |
| Direct FEvaporative| Air Cooled | Fin Fan Deployment |
| Cooling Cooling [Condensers| Cooling |
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== Comparison Of Potential Early SMR S
Tl Sites Using Ranking Factors technologies

Factors from the PPSS

Ecological mitigation and compensation
Topography
Access to cooling water

Attractiveness of cooling solutions

Access for abnormal indivisible loads

Ground conditions

Variable factors Flood mitigation works Fixed
Expected to change  } Not expected to
over time : \I/ 3 change over time

Comparison
of potential SMR
FOAK sites

Factors specified
by the ETI

Factors from

PPSS Phase 3

Local support for nuclear

Proximity to hazardous
m—— ) facilities
Availability of construction
resource Proximity to aviation
activities
Presence of an

enterprise zone Seismicity constraints

Grid connection

Air quality and noise effects
on human receptors

Uncertainties

Further work
to resolve

Availability of land

Cost of land TR, i

©2016 Energy Technologies Institute LLP - Subject to notes on page 1



== Conclusions - Preparing for deployment
| of a UK SMR by 2030
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A credible integrated schedule for a UK SMR

operating by 2030

I@\ =

depends on early investor confidence

The Government has a crucial role

M]

in delivering a policy framework which
supports SMR deployment and encourages
investor confidence

If SMRs are to become an integral part of a
2050 UK energy system, deployment should
address future system requirements including

E W <

power heat flexibility

SMR factory production can accelerate
cost reduction

JTRA

—
=

UK SMRs designed and deployed as
“CHP ready”

y Sl

Extra costs are small and potential future
revenue large

UK SMRs should be designed for a range of
cooling systems

i i ;f:f.:-—\;- \“
il- :.1
‘\\‘:.-r_ _._/ﬁé. 1|

including air cooled condensers

ks

[ABASLSN

There is economic benefit in deploying SMRs as CHP to energise
district heating networks; this depends on district heating roll out

=ttt Ay

http://www.eti.co.uk/insights/preparing-for-depl

Including options for the UK first of a kind

site

There is a range of sites suitable for early UK
SMR deployment

Jvment—of-a—uk-smalI-modular-reactor-bv-2030
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Registered Office

Energy Technologies Institute
Holywell Building

Holywell Park

Loughborough

LE11 3UZ

For all general enquiries
telephone the ETI on
01509 202020.

—

For more information
about the ETI visit
www.eti.co.uk

™

For the latest ETI news
and announcements
email info@eti.co.uk

¥

The ETI can also be
followed on Twitter
@the_ETI
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Priorities for the UK energy system S Grersy
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Efficiency (inc. Smart), Nuclear, CCS, Bioenergy, Offshore Wind and
Gases are immediate development priorities

Primary Resource Consumption Net CO2 Emissions
3000 600 = |nternational A&S
m\Wave
m Tidal Stream Transport Sector
2500 — mHydro 500 - Buildings Sector
Solar o B Power Sector
2000 - = Wind 8 400 = Industry Sector
Nuclear = = Bio Credits
B Wet Waste 8 300
3 1500 - Dry Waste &)
B UK Biomass g
1000 E Coal 200 -
m Gas
Biofuel Imports 100 -
500 - m Aviation Fuel
m Petrol
m Diesel 0 -
0 2009 (Historic)
2010 (Historic) 2050 100
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Market led Schedule — First Operations 20407
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g Cicric s
[ ‘ nomination

Legal entity

Early engagement Operator SLA interaction

e Consultations

Requirements

Prepare GDA submissions

Technology readiness Develop test evidence

Generic Design Assessm

Develop operator organisation

Judicial Reviey

risk window

FDP application
|

|
Euratom (A37, 41-44, 7) RN
i

Develop Site Licence Application
|

| |

Local consultations Local consultations

DCO application gl

Grid |

Connection -—">

Agreement

Supply chain engagement

DAC,
SoDA

pply chain engagement

Licence /
Permit Grant

Regulatory holdpoints and permissions

””””” T DCO Grant

Grid enabling work

S

Long-lead procurement FOAK assembly and testing
| | |
Refine m'fr process NOAK manufacturing and factory testing

| |
Establish manufacturing line

FOAK|
delivere

NOAK site acquisition(s)

Construction (non-nuclear and nuclear signi

ificant)

reactor
tosite / SY

FOAK reactor

operational

06 | 2017 | 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 | 2030 | 2031 2032 2033 2034 2035 2036 2037 2038 203 | 2040
Regulator
Operator
e s
| Reg Justification | |
SSA/NPS v Judicial Review risk window I
CfD negotiations v
Operator ‘ ‘
& Vendor - Stage 2 Investment Case ~ SEEEEEEEES > FID
identified ‘
Devel lligent operator organisation

—> NOAK site preliminary works

Breadth and scale of the challenge — look beyond technology/GDA to the necessary speed

and sequence of activities order to achieve success
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Creator of investor
Provider of Provider of Provider of Provider of Provider of
Finance Sites Technolo People Experience and stakeholder
gY P P confidence
Developer
Licensee UK corporate body or legal entity
Company board and associated structures
Company Executive
Supporting functions Corporate
. structural features

Internal organisational
capabilities

Organisational design combined with experienced resource to
deliver licensee capability and capacity

Options regarding relationship between developer and the SMR operating organisation (licensee)
- wholly owned - share in a Joint Venture operating organisation - operation under contract
- Could take 4 to 5 years if a new start up Licensee; faster for an existing mature organisation
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wes
UK SMR FOAK Development
Programme

wes 9
Initiate Supply Chain
Development

r T T T 1 T T T 1
Wes 1 wes2 wes 3 ectang st wBs5 zsnbll‘:ﬁ: — wes7 WBs 8
Facilitative Action by UK Understand & Negotiate Establish Credible Nuclear Accelerate Technology Ll Obtain Assessment, Identify and Engage with
B . Seek Consent for Funded Decommissi .
overnment Business Case Operator Development Permitting and Consents FOAK Stakeholders
Preliminary Works Programme
WBS2.1

WBS 1.1
[ Implement Framework of
Facilitative actions.

Agree Developer /
Operator Financing
Arrangements
(inc “start-up" financing)

WBs 1.1.1
[ Update HMG Policy on
Nuclear Energy

WBs 2.2

Assess Market Support
. redn i/ )

WBs1.1.2

| | Undertake Further ssa
Process to Extend Range of

Potential Sites

wes 2.3
Build Revenue Model

WBs1.13
Updated National
Policy Statements

WBs 2.4
Build Whole Life Cost
del

captal, bl operting,
decommisionin, el carbon)

W8S 1.1.4
= Secure Regulatory
ustification of SMR designs|

WBS 25
Assess External factors
(i Government poicy)

WBS 115
L Initiate Generic Design
|Assessment of SMR designs|

WBS 1.2
—  Facilitate Investor
nfiden

| Facilitate Investment
Promotion

|— Influence Grid Investment
Policy

1

Influence Business,

Innovation and Skills
trategy

Set Foreign Policy /
Strategy and assess
Impacts

L—set Climate Change Energy
Policy

WEST3
cilitate Bootcamp to
rovide Education in

Processes, Particularly UK
Regulatory Process

WBS2.6
Establish Economies of
Multiples

WBS 2.7
Establish the Financial
Viability Using Scenario-

Based Investment Analysis

Wes 2.8
Plan for Intellectual
Property and Technology

[~  Establish legal entity
(Developer / Operator)

|| wes 3.2
Establish Nuclear Baseline

54.1
Define Key Aspects of
Project Relevant to Site
Selection

WBS 4
Characterise Potential Site
1  Against Key Project,

Consenting and
takehold

wBs32.1

Define Organisational

Structure and design
criteria

wes 4.3
| Nominate Site into New
[strategic Siting Assessment|

WBS3.2.2
Identify All Nuclear and

WBs 4.4
Establish Key Commercial

WBS3.2.4
| Define / Record Nuclear
Baseline Posts / Roles.

Radiological Business Terms for Site
Activities. Development
WB532.3 WBS 4.5
[—  Establish Employment [~ Develop and submit DCO
Application
WBS 4.6

Secure Consents for Any
Works Needed in Advance
of DCO Grants

WBS3.2.5
Nuclear Capability|

WBS 4.
L— submit Early Application
for Grid Connection

326
|~ Define Management of
Change Process

| Establish Management
System Arrangements

L secure Suitable Operator
Resourcing / Recruitment

33
Establish Safety and

Prospectus

Define and publish Strategy
and Route-map

wBs3.4
L—  Produce a Company
anual
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wBs 5.1
—  DefineTechnology
Requirements

WBS 6.1
Develop DWMP

WESSTT
Define Nuclear Island
[ Requirements (baseload /
Variable Electricity / Heat
Recovery)

Agree Waste Transfer
Contracts

WBS5.1.2
| Define Conventional Plant
Requirements

WB563
Develop Funding
Arrangements Plan

wes5.1.3

|__|Define ILw and Spent Fuel

Handling (strategy and
Requirements)

WBS 5.1.4
Define New Fuel Supply.
(strategy and
Requirements)

WBS5.2
L Assess Technology
Readiness

Validate and verify
Technology claims (inc.
OPEX nternational SMR

WBS5.2.2
Evaluate Design for

(economies of multiples)

L— Develop Standardisation
(economies of multiples)

|| Provide vendor Input to
Pre-Construction Safety
Report

WBS 7.2
(Obtain DAC and SoDA from
Regulators for Generic
Design Assessment
(Phase 1)

[ Scope FOAK Stakeholders.

Develop Manufacturing

Stakeholders in Planning

Resource and
Infrastructure Strategy.
WBS8.1.1 wBs 9.2
[Engage Systematically With Develop Construction

Methodology and

Demonstrate Compliance
with Euratom Treaty
P

Secure Favourable Article
43 Point of View

wBs 7.3.3
Complete Commut
Required Under Article 78

Wes 7.4

|_| Provide Operator Input to

Pre-Construction Safety
Report

Obtain a Nuclear Site
Licence from ONR, Planning|
L— Permission from

spe
Permits from EA/NRW

System Infrastructure Strategy.
Wes7.2.1 WBs8.1.2 Wes 9.3
Submit Generic PCSR and Engage Systematically With |—{Develop skills,
Obtain DAC from ONR Nuclear Regulators. and Training
Submit Generic Data on Wes 8.2 WBs 9.4
Environmental Attributes | [ Identify key Issues for | Develop Preparedness for
of Design and Obtain SoDA| Stakeholders Supplier Qualification
from EA
errae s 83 WBS 9.5
i | L— Develop Long Lead Item
L 1 Publi
e °‘a‘5{at‘f:zl’fm“b a Procurement Strategy.
WBs 8.4
WBS7.3. || Establish Framework for
Secure Favourable Article Local and Regional
37 Opinion Stakeholder Engagement

Initiate Local / Regior

Stakeholder Group

nal

Extend Local / Regior

Stakeholder Group into.
Permanent Forum

nal

65 WBS elements at the lowest

level of detalil




| 1T NS

Economic Impact Of Air Cooling Condensers —§/ crory
Electricity Only and CHP technologies

institute

Assumes 12C dry ambient Electricity-only (Plant A) CHP (Plant A)
temperature

Cooling Cooling ACC Cooling | Cooling ACC

Tower Tower + only Tower Tower + only

(ECT) ACC (uncons (ECT) ACC (uncons
(uncons trained) (uncons trained)
trained) trained)

Max. net power output — MWe
CAPEX increment - £/kWe (net)
OPEX increment - £/kWe p/a (net)

- Model output — internal rate of return

Model output — internal rate of return

ANT project assumption that sufficient water always available for reactor cooling should normal systems be degraded or unavailable

Conclusions:

» Evaporative cooling towers more economically favourable than air condenser cooling

* For inland applications delivering CHP, still financially attractive if ACC addition needed later

* Incremental CAPEX for CHP readiness £10/kWe - costs small but potential future revenues large
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		Assumes 12C dry ambient temperature

		Electricity-only (Plant A)

		CHP (Plant A)



		

		

		Cooling Tower (ECT)

		Cooling Tower + ACC (unconstrained)

		ACC only (unconstrained)

		Cooling Tower

(ECT)

		Cooling Tower + ACC (unconstrained)

		ACC only (unconstrained)



		Model inputs

		Max. net power output – MWe

		47.7

		48.2

		48.2

		34.1

		33.9

		33.9



		

		CAPEX increment - £/kWe (net)

		£0

		£347

		£169

		£544

		£886

		£708



		

		OPEX increment - £/kWe p/a (net)

		£0

		£10

		£7

		£4

		£15

		£12



		

		Scenario 1: Base electricity-only plant CAPEX = ~£4,700 (indicative cost scenario from Phases 1& 2)



		

		Model output – internal rate of return

		7.7%

		7.1%

		7.4%

		11.2%

		10.4%

		10.7%



		

		Scenario 2: Base electricity-only plant CAPEX = ~£3,600 (target cost from Phases 1 and 2)



		

		Model output – internal rate of return

		10.1%

		9.1%

		9.6%

		13.7%

		12.6%

		13.1%
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