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Presentation Structure

Introduction to the ETI

• 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
• 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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Introduction to the ETI organisation 

• The ETI 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

• Shared risk

ETI programme associate 

ETI members
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What does the ETI do?

System level 
strategic 
planning

Technology 
development & 
demonstration

Delivering 
knowledge & 

innovation 
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Integrating power, heat, transport and infrastructure 
providing national / regional system designs

ESME example outputs

ESME – The ETI’s system design tool
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Conclusions from published ETI insights (1) –
role for nuclear in a low carbon energy system

http://www.eti.co.uk/the-role-for-nuclear-within-a-low-carbon-energy-system/



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

Further ETI Projects Relevant To UK SMRs

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 2030?
• 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? 
• Power Plant Siting Study Phase 3
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Key Elements Of A UK SMR
Development Programme
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Developer And Vendor – Typical Relationship 
From UK GW Reactor New Build Projects 
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Approach To The ETI’s
SMR Deployment Enablers Project

Systematic Application Of Project Tools

Project Outputs
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Work Breakdown Structure In SDE Analysis
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The Critical Path Of A 2030 Schedule

Key dates & assumptions (durations):
• 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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Integrated Schedule Leading To FOAK 
Operations By 2030

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
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Baseload Flexible Extra-flex

Electricity only 
SMR power plant

Baseload power       
(continuous full 
power operation 

between outages)

Operated with 
daily shaped 
power profile

when required to 
help balance the 

grid

(Slightly) reduced
baseload power 

with extra storage
& surge capacity

Combined Heat & 
Power (CHP) plant

As above but with 
heat

As above but with 
heat

As above but with 
heat

Services Required From A UK SMR 

Large reactors optimal here

SMRs optimal here Power, heat and flexibility
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SMRs For CHP – Analysis Of Impact Of 
Module Size and Thermal Efficiency

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 

Results scaled for 
same electricity 
output (300 MWe) 
when operated in 
power only mode

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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CHP – Comparison With Earlier Work and 
Impact On Internal Rate of Return 

  ANT1&2 
(power 
only) 

ANT1&2 
(CHP) 

ANT 3 
Plant A 
(CHP) 

ANT 3 
Plant B 
(CHP) 

M
od

el
  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% 

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

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


		

		

		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%
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Reactor Ultimate
Heat 
Sink 

Turbine 
Hall

Balance
of 

Plant 

Cooling System Options

Direct 
Cooling 

Evaporative 
Cooling

Air Cooled
Condensers 

Fin Fan
Cooling 

Options to 
Support 
Local Market 
and 
Deployment

Heat 
Offtake
Options

Process 
Heat

Desalination 

District 
Heating 

Standardise To Exploit Economies of Multiples 

Scope of 
Design To 
Be Assessed 
Through 
Generic 
Design 
Assessment 

Exploiting The Economies Of Multiples –
UK GDA and Coping With Variants
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Comparison Of Potential Early SMR 
Sites Using Ranking Factors



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

Conclusions - Preparing for deployment 
of a UK SMR by 2030

http://www.eti.co.uk/insights/preparing-for-deployment-of-a-uk-small-modular-reactor-by-2030

http://www.eti.co.uk/insights/preparing-for-deployment-of-a-uk-small-modular-reactor-by-2030
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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

Registered Office 
Energy Technologies Institute
Holywell Building
Holywell Park
Loughborough
LE11 3UZ

For all general enquiries 
telephone the ETI on 
01509 202020.
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Efficiency (inc. Smart),  Nuclear, CCS, Bioenergy, Offshore Wind and 
Gases are immediate development  priorities

Priorities for the UK energy system
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Market led Schedule – First Operations 2040?

2038 2039 20402016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Reg Justification

SSA / NPS

CfD negotiations
Operator 
& Vendor 
identified

Requirements

Criteria

Prepare GDA submissions

Inv. Case

Legal entity

Develop test evidence

Generic Design Assessment

Develop operator organisation

Stage 2 Investment Case FID

FDP application

Supply chain engagement Long-lead procurement

Establish manufacturing line

FOAK site 
nomination

DAC, 
SoDA

Develop intelligent operator organisation

FOAK assembly and testing

Refine m’fr process NOAK manufacturing and factory testing

Early engagement

DCO application

Construction (non-nuclear and nuclear significant)

Regulatory holdpoints and permissions

Commiss’g FOAK reactor 
delivered to site

Consultations Local consultations Local consultations

FOAK reactor 
operational

NOAK site acquisition(s) NOAK site preliminary works

Site acq’n

Euratom (A37, 41-44, 78)

Develop Site Licence Application 

Operator SLA interaction Assessment

Licence / 
Permit Grant

Grid enabling works

DCO Grant

Grid 
Connection 
Agreement

Supply chain engagement

Technology readiness

Judicial Review risk window

Judicial Review risk window

Judicial Review risk window

Government

Regulator

Operator

Vendor

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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Licensing Preparations From Around 2021

Provider of
Sites

Provider of
Finance

Developer

Licensee

Provider of
Technology

Provider of
People

Provider of
Experience

Creator of investor 
and stakeholder 

confidence

UK corporate body or legal entity 

Company board and associated structures

Company Executive 

Supporting functions

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

Corporate 
structural features

Internal organisational 
capabilities

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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Work Breakdown Structure In Detail
WBS 

UK SMR FOAK Development 
Programme

WBS 2 
Understand & Negotiate  

Business Case

WBS 2.3
Build Revenue Model 

(inc. Operating regime, single/multiple 
revenue streams, power purchase 

agreements) 

WBS 2.4
Build Whole Life Cost 

Model
(capital, fixed/variable operating, 
decommissioning, fuel, carbon)

WBS 5
Accelerate Technology

Development

WBS 5.1
DefineTechnology 

Requirements 

WBS 4
Select and Acquire site(s), 

Seek Consent for 
Preliminary Works

WBS 8
Identify and Engage with 

FOAK Stakeholders

WBS 7.2 
Obtain DAC and SoDA from 

Regulators for Generic 
Design Assessment 

(Phase 1) 

WBS 3
Establish Credible Nuclear 

Operator 

WBS 7.2.1
Submit Generic PCSR and 

Obtain DAC from ONR

WBS 7.2.2
Submit Generic Data on 

Environmental Attributes 
of Design and Obtain SoDA 

from EA

WBS 5.2
Assess Technology 

Readiness

WBS 3.1
Establish legal entity 

(Developer / Operator) 

WBS 2.1
Agree Developer / 
Operator Financing 

Arrangements
(inc “start-up” financing) 

WBS 3.2
Establish Nuclear Baseline

WBS 7
Obtain Assessment, 

Permitting and Consents 

WBS 5.1.1
Define Nuclear Island 

Requirements (baseload / 
Variable Electricity / Heat 

Recovery)

WBS 5.1.2
Define Conventional Plant 

Requirements

WBS 6
Establish Approved 

Funded Decommissioning 
Programme

WBS 3.3
Establish Safety and 

Environment Management 
Prospectus 

WBS 3.2.2
Identify All Nuclear and 
Radiological Business 

Activities

WBS 3.2.3
Establish Employment 

Model 

WBS 3.2.1
Define Organisational 
Structure and design 

criteria

WBS 3.2.4
Define / Record Nuclear 

Baseline Posts / Roles

WBS 3.2.5
Evaluate Nuclear Capability 

Resilience

WBS 3.2.6
Define Management of 

Change Process

WBS 3.4
Produce a Company 

Manual

WBS 3.3.1
Define and publish Strategy 

and Route-map

WBS 2.2
Assess Market Support 

 (inc. Feed-in tariff / CfD) 

WBS 2.7
Establish the Financial 

Viability Using Scenario-
Based Investment Analysis

WBS 2.5
Assess External factors 

(inc Government policy)

WBS 5.2.1
Validate and verify 

Technology claims (inc. 
OPEX international SMR 

programmes)

WBS 2.8
Plan for Intellectual 

Property and Technology 
Licensing

(inc. Government Policy)

WBS 5.2.2
Evaluate Design for 

Manufacture requirements 
 (economies of multiples)

WBS 7.5
Obtain a Nuclear Site 

Licence from ONR, Planning 
Permission from 

Government, and site-
specific Environmental 
Permits from EA/NRW

WBS 7.3
Demonstrate Compliance 

with Euratom Treaty 
Provisions

WBS 1
Facilitative Action by UK 

Government

WBS 9
Initiate Supply Chain

Development

WBS 8.1
Scope FOAK Stakeholders

 

WBS 1.1.1
Update HMG Policy on 

Nuclear Energy

WBS 1.1.2
Undertake Further SSA 

Process to Extend Range of 
Potential Sites

WBS 1.1.3
Establish Updated National 

Policy Statements

WBS 1.1.4
Secure Regulatory 

Justification of SMR designs

WBS 1.1.5
Initiate Generic Design 

Assessment of SMR designs

WBS 1.2.1
Facilitate Investment 

Promotion

WBS 1.2.2
Influence Grid Investment 

Policy 

WBS 1.1
Implement Framework of 

Facilitative actions

WBS 1.2.3.
Influence Business, 

Innovation and Skills 
Strategy

WBS 1.2.4
Set Foreign Policy / 
Strategy and assess 

Impacts 

WBS 9.1
Develop Manufacturing 

Resource and 
Infrastructure Strategy.

WBS 9.2
Develop Construction 

Methodology and 
Infrastructure Strategy.

WBS 5.2.3
Develop Standardisation
(economies of multiples) 

WBS 4.3
Nominate Site into New 

Strategic Siting Assessment

WBS 4.2
Characterise Potential Site 

Against Key Project, 
Consenting and 

Stakeholder Requirements

WBS 4.1
Define Key Aspects of 

Project Relevant to Site 
Selection

WBS 4.4
Establish Key Commercial 

Terms for Site 
Development

WBS 4.5
Develop and Submit DCO 

Application

WBS 4.6
Secure Consents for Any 

Works Needed in Advance 
of DCO Grants

WBS 5.1.3
Define ILW and Spent Fuel 

Handling (strategy and 
Requirements)

WBS 5.1.4
Define New Fuel Supply 

(Strategy and 
Requirements)

WBS 6.2
Agree Waste Transfer 

Contracts

WBS 6.1
Develop DWMP

WBS 6.3
Develop Funding 

Arrangements Plan 

WBS 7.3.1
Secure Favourable Article 

37 Opinion

WBS 7.3.2
Secure Favourable Article 

43 Point of View

WBS 7.3.3
Complete Communication 
Required Under Article 78

WBS 8.1.1
Engage Systematically With 

Stakeholders in Planning 
System

WBS 8.1.2
Engage Systematically With 

Nuclear Regulators.

WBS 8.2
Identify key Issues for 

Stakeholders

WBS 3.2.7
Establish Management 
System Arrangements

WBS 8.3
Engage Systematically With 

Local / Regional Public 
Stakeholders

WBS 8.4
Establish Framework for 

Local and Regional 
Stakeholder Engagement

WBS 1.2.5
Set Climate Change Energy 

Policy

WBS 1.3
Facilitate Bootcamp to 
Provide Education in 

Processes, Particularly UK 
Regulatory Process

WBS 9.3
Develop Skills, Employment 

and Training

WBS 8.4.1
Initiate Local / Regional 

Stakeholder Group

WBS 8.4.2
Extend Local / Regional 
Stakeholder Group into 

Permanent Forum

WBS 1.2
Facilitate Investor 

Confidence

WBS 4.7
Submit Early Application 

for Grid Connection

WBS 3.2.8
Secure Suitable Operator 
Resourcing / Recruitment

WBS 9.4
Develop Preparedness for 

Supplier Qualification

WBS 9.5
Develop Long Lead Item 
Procurement Strategy.

WBS 2.6 
Establish Economies of 

Multiples
 

WBS 7.1 
Provide Vendor Input to 
Pre-Construction Safety 

Report

WBS 7.4 
Provide Operator Input to 
Pre-Construction Safety 

Report

65 WBS elements at the lowest level of detail



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

Economic Impact Of Air Cooling Condensers –
Electricity Only and CHP

 Assumes 12C dry ambient 
temperature 

Electricity-only (Plant A) CHP (Plant A) 

  Cooling 
Tower 
(ECT) 

Cooling 
Tower + 
ACC 
(uncons
trained) 

ACC 
only 
(uncons
trained) 

Cooling 
Tower 
(ECT) 

Cooling 
Tower + 
ACC 
(uncons
trained) 

ACC 
only 
(uncons
trained) 

M
od

el
 

i
 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% 

 

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

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


		

		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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