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Introduction to the ETI

 What is a Small Modular Reactor (SMR)?

« Benefits of deploying SMRs in the UK transition to a low carbon
economy

« Understanding the steps towards potential deployment
« Update on Phase 1 of the UK SMR competition

Conclusions
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Integrating power, heat, transport and infrastructure ' ESME
providing national / regional system designs Energy System
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Decarbonising Heat Is Challenging technologies
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Heat demand variability in 2010 — Unattractive to electrify it all

<«— Design point
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= Heat delivery
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GB 2010 heat and electricity hourly demand variability - commercial & domestic buildings
R. Sansom, Imperial College
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Conclusions from published ETI insights (1) —
role for nuclear in a low carbon energy system techlogies
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New nuclear plants can form a major part of an
affordable low carbon transition

ﬁ‘ ‘.:;
@ i “’ :

s%

with potential reles for both large nuclear and small
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

AAA

a major contribution to the decarbonisation
of energy use in buildings

=L

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

in length  gl=]

Assessed deployment
capacity of at least

21GWe

limit could be higher

l
7

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

ye,

and these technologies provide
the most cost effective solution

® 2015 Energy Technologies Institute LLP

ﬂdecision 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

E

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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== Development Programme i -

Policy framework Capable
supporting project and credible
€conomics 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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SMR is a small or medium reactor but not necessarily
modular:

« Small -10to 300 MW (IAEA, DOE)
 Medium - 300 to 700 MW (IAEA)
 Excludes Large - 700 to 1700 MW (IAEA)

Modular in deployment:

e Modular — Multi-modular Nuclear Power Plant (NPP) on a common
foundation base mat, with NPP modules added as needed

« Not power in a module to be returned to the factory for refuelling

Economic Advantage:

* Proponents aspire to use modern manufacturing and construction
methods to reduce unit costs — the economies of multiples

 |nnovation to overcome the dis-economies of scale of smaller units
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A =B R R BRaa RS -8 =7 -6 -5 -4 -3 =2 = 0

Key

Prepare GDA

Requesting party PZL€)} W DAC, SoDA

.- site licence grant

W FD

Nuclear significant construction

b, 60 i «

o 60 A
$ i months « months 5 months %
3 1 o - &
Decision Decision Decision Decision Decision
point point point point point

Key dates & assumptions (durations):

» GDA starts end 2017 (5 years)

« Site licensing preparations from early 2021 (4 and a half years)
« Site preliminary works from end 2023 (21 months)

 FID 2025 followed by nuclear construction and commissioning (5 years)

©2017 Energy Technologies Institute LLP - Subject to notes on page 1



=== Integrated Schedule Leading To FOAK

energy

Operations By 2030 o

5N e [ (oo [ - D v N R

White paper (4 Key
SsA/nPs Nl | Reguator |

CfD principles CfD negotiations \V

Operator
and vendor ﬁ ---------------- Stage 2 investment case FID
identified
Legal entity Develop intelligent operator organisation, inc. nuclear basline I4 Develop intelligent operator organisation, inc. nuclear baseline

FDP application V-

Euratom (A37, 41-44, 78) 2 4
Develop site licence application \V picence:
x permit grant
Early engagement Operator SLA interaction | Assessment IS 8 7 Regulatory holdpoints and permissions
» FOAK site o
i4 Consultations SIS 4d Local consultations — SEEEEEEEEEEE ld Local consultations
DCO application W Do grant
S e I
> 0
S L Grid enabling works WV
---> Preliminaryworks ~— EEEE LR id Nuclear significant construction
Supply chain engagement FOAK reactor a4
delivered to site y
Prepare GDA submissions iDAC, iSoDA FOAK reactor
operational

GDA \V4 AW  DAC. SoDA

FOAK assembly and testing H
Ref ine m’fr process NOAK manufacturlng and factory testing
NOAK site acquisition(s) S id 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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A credible integrated schedule for a UK SMR
operating by 2030

o
depends on early investor confidence

SMR factory production can accelerate
cost reduction

II%

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-deployment-of-a-uk-small-modular-reactor-by-2030

The Government has a crucial role

M

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

UK SMRs designed and deployed as
“CHP ready”

¥ W

Extra costs are small and potential future
revenue large

Including options for the UK first of a kind

site

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

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

Y S

power heat

~r

flexibility

UK SMRs should be designed for a range of
cooling systems

i«

including air cooled condensers
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NB The ETI is not a party to the BEIS UK SMR competition process

 Near term SMRs; economics and market applications
« Developing markets

« Developing technologies

« Reactor types and technology readiness

* Innovation support by Government since 2013
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LCOE £/MWhr

Low

Competitive

Not yet
competitive

High

Price lower than other low
carbon alternatives with
predictable project delivery.

A viable choice depending on
policy considerations and viable
projects.

Cogeneration applications such
as district heating supply or
desalination improve project
economic viability. Increase
volume to reduce unit cost.

Research and development
plants. Remote communities off
grid requiring heat and power.
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Very large with potential
for growth in nuclear
share internationally
driven by SMRs.

Large with potential
applications to
complement large
reactor deployment.

Small fraction of
present international
nuclear market.
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e

China HTR — PM high
temperature gas

reactor

China ACP100 integral
PWR

USA NuScale integral
PWR

Canada Open and
technology
neutral

UK ?
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Technology

Construction start 2012 of demonstration plant at
Shidaowan in Shandong province. Operations
forecast 2017.

|IAEA safety review complete April 2017.
Demonstration plant at Changjang. Commercial
operations forecast 2021.

Commenced NRC review Jan 2017. First potential
customer UAMPs at site of Idaho Nuclear
Laboratory. Commercial operations forecast 2025.

Canadian Government and regulatory support for
nuclear technology development at Canadian
Nuclear Laboratories site at Chalk River with SMR
demonstration by 2026.

Announcements awaited.

This table is illustrative; the list of markets and associated technologies is not exhaustive
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Technology Readiness Levels e

7-9 -

c F o D. HTR1

E. HTR2
B F. HTR3

G. SFR1

H. SFR2
. H . |. SFR3
D J MNC

1_3 ‘ -

Source: NNL presentation at the London Nuclear Power Symposium 24t October 2016

Technology Readiness Level
N
(o)
m
.

5-15 15-25 25+

Time to deployment (years)
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Support By Government Since 2013

2013 2014 2015 2016 2017 2018

I DECC Nuclear Industrial Strategy

B  \\L SMR Feasibility Study
I SMR Techno Economic Appraisal

UK SMR Competition (Phase 1) [
£20m Nuclear Innovation Procurement _

Political context:

UK General Election ®

Announcement of ambitious £250M 5 year @ “Crisis of
nuclear research programme to include SMRs indecision
®

Brexit referendum
House of Lords Science and Technology Committee:
Nuclear Research: Breaking the cycle of indecision

UK General Election
Development of UK nuclear sector deal as part of UK Industrial Strategy g
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Cost optimised transition to a low carbon economy by 2050 summarised as:
— Power first and substantially decarbonised by 2030
— Heat to follow
— Transition for transport is gradual and expected to include electrification
Nuclear has a role to play depending on market needs and project economics (LCOE)
— Large reactors for baseload and small flexible SMRs for potential CHP
Economics of SMRs still relatively uncertain
— Development schedule and cost
— Capital cost and construction duration
— Emergence of developers and operators prepared to invest in the UK
— First adopter markets elsewhere advancing technology demonstration programmes
— UK market alone unlikely to sustain a technology development/deployment programme
Importance of UK Government policy:
— Role of nuclear delivering UK energy security within the mix
— Importance of Government facilitation for nuclear research, development & deployment
— Plan for UK decarbonisation; heat and transport as well as electricity generation
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Join us at our event

10 Years of Innovation
A showcase of a decade of research
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 OF INNOVATION
2007—2017

County Hall, London
21st and 22" November

Register online at - www.eti.co.uk/10Years

©2017 Energy Technologies Institute LLP - Subject to notes on page 1



Bi@E 7! Projects — Nuclear Including SMRs t?‘v@y
ey | O s

What are the siting opportunities and constraints for large reactors and SMRs in
England and Wales? What is the range of locations suitable for early SMR
deployment and is there an obvious front runner for a a First Of A Kind (FOAK) SMR
site?

« Power Plant Siting Study Phases 1, 2 and 3

What services and characteristics would be attractive from the perspectives of a cost
optimised low carbon energy system? Could SMR technology be a credible provider
of some of these services? What are the 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 Project Phases 1,2
and 3

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
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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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Annular radius at heat

demand threshold

6.47 km (8.0 GWh/km2/yr)

6 km (8.3 GWhikm2/yr)

5 km (13.4 GWh/km2/yr)

4 km (20.9 GWh/km2/yr)

3 km (37.2 GWh/km2/yr)

B 2 km (83.6 GWh/km2/yr)

P 1 km (334.5 GWh/km2yr)
MSOAS not coloured do not meet the heat

load threshold within the density threshold.

NORTH SEA

REPUBLIC OF
IRELAND

ceunc sea

Cantans Oronwcs Survey duta
G Crown copye i ond catsbose fght 2014

Mott MacDonald

* Almost 50 GB urban
conurbations with sufficient
heat load to support SMR
energised heat networks

 Would theoretically require
22 GWe CHP SMR
capacity
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Revision of NPS EN-6 Total capacity for

Selection of siteby |  Site licensing and

Meoretica Capacty: | ISKof USRI approprite developer: | spprovas:p Jperetoralnen
129 GWe All sitesincluded in | All sites selected All sites achieve
revised NPSEN-6 | for development | required licences
and approvals Capacity
constraints
applied in
= 62 GWe Large ESME

Reactors
= 67 GWe SMRs

= Assumed
Capacity limits
= Large Reactor
upper bounding
limit 35 GWe
= SMR lower
bounding
limit 21 GWe

No site achieves
required licences
and approvals

No sites included in | No sites selected
revised NPS EN-6 for development

W

Progress towards operational new nuclear power plants
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SMR site capacity from the Power Plant Siting Study -
Further potential locations likely to be found; the limit has not been explored

0.9
* Fluvial (inland) S SEiith eas s >30km from
potential DH
= South west network
* Wales = Within 30km
= Midlands of potential

DH network
s Within 20km

= Lake (inland) = East Anglia ngpr?;fm?L
s Within 10km
= North west of potential

= Coastal | estuary DH network

= North east

SMR Capacity (GWe) SMR Capacity (GWe) SMR Capacity (GWe)
By Cooling Water By Regional Location By Distance From

Source To Meet Demand Pote_ntlal District
Heating Network
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Target CAPEX for a first fleet of SMRs providing baseload electricity is challenging

~£10,000/kWe
FOAK

[}
;
= CI ~£4,500 - £5,000 /kWe
7 N O A K !
] Breakeven capex ~£3,600 [kWe
S IZ <4,000
g E EEEEEE® ----;" kWe?
9
] 1st factory ? I
a nd factory |
Z ‘OYea“@"g"mOMwe 10years @ 20x100MWe !
1
T —— R """"" =
5GWe 20GWe

Cumulative deployment (not to scale)
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stable Nationg) )
Nuclear Policy, @c%/}
safety  Statemen; Rere, They i

Launch of SMR competition
s For ooy by UK Government:
security "UClegr Y

Regulation NPS." 0y, "0 i % % « Expressions of interest
16 x until 6t May
 Phase 1 dialogue late

R
Stable oo e May until autumn 2016
Market & o«
Regulatory
Environment
UK
Nuclear
Industry

Established Nuclear R&D Heritage

in Academia and NNL .
I | ?\N‘R Potential

SMR Support
From UK
Government

Development
Capability

SMR Spendmg
€chno Review
P Conome 2015
Ppraisq) £250m
2015 R&D
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= UK GDA and Coping With Variants X Bt

Standardise To Exploit Economies of Multiples

Reactor Ultimate
( ) Process

Heat / Heat

| [

| |

| |

| . |

| Sink / Heat
| I |Offtake Desalination
| :

| |

| |

|

|

|
|
|
|
|
|
Balance | Turbine ——Options | Scope of
of Hall \,\ | District . |Design To
Plant | Heating | |Be Assessed
L | | Through
|| | | Generic
L::::::::_//:/é:\:\_\t' ' |Design
] : Assessment
| Cooling System Options ] Options to |
| Support |
| / / \ \ Local Market |
| . _ . _ and |
| Direct  Evaporative| Air Cooled | Fin Fan Deployment |
| Cooling Cooling [Condensers| Cooling |
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Technology Group

Very high temperature gas
reactors

Molten salt reactor

Supercritical water cooled
reactors

Gas cooled fast reactor
Sodium cooled fast reactors

Lead cooled fast reactors

VHTR

MSR
SCWR

GFR
SFR
LFR

Abbreviation Neutron Spectrum

Thermal

Thermal

Thermal

Fast
Fast

Fast
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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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