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REPORT 2021

Energy Security

in the Age of Net-

Zero Ambitions
and the System
Value of Nuclear
Power

What Is the system value of nuclear
power in terms of maintaining the
security of electricity supply during
decarbonisation?

What specific risks to energy security
may arise along the nuclear supply

chain and how can they be mitigated?



Energy industry

Great Britain faces rising risk of winter
blackouts, system operator warns

Coal plants and nuclear reactors shut down while energy demand
expected torise after Covid restrictions

Jillian Ambrose, The Guardian, 22 July 2021

O N
UK business & economy I,\‘ + Add to myFT jl

UK looks to remove China’'s CGN from nuclear
power projects

Change in stance follows worsening of relations between London and Beijing

N "-;':"-. '%':.‘I

Jim Pickard and Nathalie Thomas, Financial Times, 25 July 2021
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What is Energy Security?

The Three Perspectives:

1. Sovereigntyrisks are viewed as arising from the disruptive actions of external and/or
malicious actors and managed by asserting control over energy systems either actively or by
engagement with multinational institutions;

2. Robustnessrisks are regarded as either technical or natural in esserarel therefore
guantifiablec and so regulated via system planning and reducing exposure to the failure of
critical assets and/or infrastructures;

3. Resiliencerisks stem from the unpredictable behaviour of increasingly complex energy
systems and so are equally uncertain, thus security is derived by ensuring systems have the

capacity to withstand and recover from a diverse array of disturbances and interruptions.

‘A
Source: A. Cherp & J. Jew&le Three Perspectives on Energy Security: Intellectual History, Disciplinary )
and the Potential for IntegratiorGurrent Opinion in Environmental Sustainability, (2011 v‘




Potential Threats to Electricity Security

1. Advancing Electricity Grid Decentralisation

2. Declining/Stagnating Nuclear Capaciiy

3. Geopolitical Tension(s)

4. Growing Demand for Electricity arising from the Electrification of New Sectors

| 5. Heightened Stringency of Decarbonisation Legislatilm

| 6. Increasing Share of Weathddependent Renewables in Total Generaticin

7. More Frequent Extreme Weather Events

8. Targeted and Sophisticated Cyberattacks




Energy Security Risks Specific to the Nuclear Supply Chain

| 1. Before Construction, Following Completion of Contra*ts

| 2. During Constructimi

3. Operational Phase
4. Uranium Supply

5. Uranium Conversion and Enrichment

6. Fuel Fabrication

7. Services/Maintenance/Decommission




Concluding Remarks:

Nuclear Power: Clean, Safe, Firm

It is clear that nuclear new build significantly enhances energy security, 1000 30

increasing both the robustness and the resilience of electricity systems as
25

800
well as reducing exposure to imported fossil fuels. The potential
20
vulnerabilities of host countries to nuclespecific supply risks to energy 600
15
security are limited and can be managed using existing mechagisots 400
. . . . . 10
least the acute negative reputational impact a vendor would incur in so
200 5
competitive a market in the face of intentional disruption. I
Policy Recommendations: o ¥ o N
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| | _ & O K # \o@qﬁ’ o {é@@ & °
1. Promote and Preserve a Diverse, EGarbon Generation Mix & ° Y\@@ &
%o
2. Ensure that Energy System Planning is Integrated,-Teng, and = GHG Emissions® Death Rate
SysterlLevel ,
Source: https://ourworldindata.org/safestourcesof-energy
3. Stimulate the Nuclear Export Market |

o
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UK Nuclear and Energy
Security

Lincoln Hill, Director of Policy and External Affairs
Nuclear Industry Association



UK electricity mix
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June Power Imports

Energy in : Energy out

5483 / 159
GWh F= GWh

20 TWh run through network

(that's 20 billion washing machine cycles).
Peak demand time was 4.30pm

on 21st June.

View in To view our data in real-time, please
e . download the ESO app for Apple or Android.
real-time Or visit carbonintensity.org.uk
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Nuclear Fleet Retirement

Nuclear capacity to 2035
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UK Situation

A Rising imports

A Rising variability

A Shrinking firm power base

A Rising grid emissions

A Shrinking system power margins

A Nuclear is only option that is clean,
reliable and sovereign

A Solution: plan in place by 2024 to get at
least 10 GW of nuclear by early 2030s

NAY

Nuclear Industry Association

Great Britain faces rising risk of winter
blackouts, system operator warns

Coal plants and nuclear reactors shut down while energy demand
expected torise after Covid restrictions
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INFO@NIAUK.ORG

Follow us: @NIAUK

020 7766 6640 \\

Nuclear Industry Association

¢ Tower House, 10 Southampton Street
London WC2E 7HA
NIAUK.ORG



CLIMATE CHANGED

ADDRESSING CLIMATE CHANGE IMPACTS AND
MITIGATION WITH NUCLEAR ENERGY

TERRA
PRAXIS



Goals: Prosperity and Decarbonization
A Philanthropically funded non-profit, with offices in US and UK
A Founded to develop and deploy climate-scale solutions for hardest-to-abate sectors

A Enabling rapid decarbonization, building prosperity and social justice
A Advanced heat sources (fission, fusion, geothermal)
A Producing cost competitive carbon-neutral fuels for shipping and aviation
A Flexible power generation to complement renewables

A Coal plant repowering
A Creating a $500B market for advanced reactors in the US
A Major contribution to de-risking the clean energy transition
A Profound social, economic, and environmental justice benefits
A Global outreach campaign to include Clean Energy Ministerial and COP26
A Phase 1 underway ($1.4 million) March 2021 i March 2022



In 2019, for the second summer in a row, some
nuclear power plants in Europe were forced to
temporarily shut down or reduce power output due
to extreme heat waves. Some have suggested that
this curtailment demonstrates that nuclear energy
is ill-adapted to a warming climate.

Why do some nuclear power plants have to stop
producing electricity during heat waves, and what
are the implications of this issue? Are there ways
to fix the situation?

In this report, by acclaimed author and energy
engineer, Dr Staffan Qvist, we explore the impact
of the European heat waves of 2003, 2006, 2018

and 2019 on nuclear power output.

M AUGUST 2019 = el

CURTAILMENT OF
NUCLEAR POWER
OUTPUT DURING
EXTREME HEAT
WAVES:
THE EUROPEAN
CASE

STAFFAN QVIST



http://www.staffanqvist.com/

Capacity factors

Nuclear power plants already
operate at the highest capacity
factor and availability factor of
any electricity generating
technology.

This is also true during heat
waves, when wind and
hydroelectric output can be
substantially depressed.

TerraPraxis / Repowering Coal Fleets
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Heatwaves reduce availability of all generation types

Extreme heat-waves reduces the availability of
all types of electricity production, and also has
negative impacts on the availability of the
electricity grid itself.

Hydroelectric power plants can suffer from
severe droughts and general unavailability of
water.

All thermal power plants, including nuclear power
plants, operate at reduced thermal efficiency as
the water and air heats up, and local regulations
may force curtailments at some plants.

Solar panels operate at reduced efficiency at
very high air temperatures. Wind power output
can drop dramatically during heat waves for
extended periods of time.

TerraPraxis / Repowering Coal Fleets
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Heatwave effects in France

Nuclear output in France B Lost output due to heat-wave curtailment

For France specifically, which with S0
Its many inland rivesited plants 450
has been the worst hit country, 400 [ N e
the corresponding figure is 2;’2 |
approximately 0.15%. .
200
150

TWh/y

Outside of France, the majority of

nuclear power plants are located 100
on less sensitive rivers, large lakes 50
or at the coast, so the relative 0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

!m p.aCt_ Of hea{Vvave curtal I ment Figure 6, Actual nuclear power plant output and approximate lost output due to heat-wave
IS SIgn |flcant|y smaller. curtailment in France (2000-2019) [preliminary figures for 2019] **
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Heatwave effects in Europe

Curtailment of nuclear power duri 200 1 Nuclear output in Europe B Lost output due to heat-wave curtailment
heat waves is not a result of safet 1,100 R I R B

considerations. e

Curtailment primarily occurs atriv. - & ?32

sited plants and are due to = 00

environmental limitations in the 400

allowed temperature at which 300

cooling water can be returned to ¢ ?32

river. 0
Curtailment of nuclear pOWEf due Figure 7, Actual nuclear power plant output and approximate lost output due to heat-wave

perio dS 0 i extreme heat has ha d : curtailment in Europe (2000-2019) [preliminary figures for 2019]*°

effect of reducing European nuclear
power output by approx. 0.1% since
the year 2000.

TerraPraxis / Repowering Coal Fleets



Capacity factor duration curve for low carbon sources during
2018 heat wave In France

The capacity factor duration 00%.

curve of low-carbon e|eCtriCity 0% == Nuclear Solar PV Wind Hydroelectric
sources in France during the 80%
extreme heat-wave summer of 0 70% ‘e
2018 is shown here. E 60% T
2 50% ﬁ
Although nuclear was struck by é .
heat-wave curtailment that S 0%
summer, it still shows a steadier 205
and more reliable power output 10%
(i.e. “flatter”) duration curve than 0%

0% 5% 10% 14% 19% 24% 29% 33% 38% 43% 48% 52% 57% 62% 67% 71% 76% 81% 86% 90% 95% 100%

the other available low carbon Duration

eleCtrICIty OptlonS Figure 10, Duration curve for capacity factor of low-carbon electricity in France during the summer of
2018 (June 1st to August 31st)
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Addressing the Risks of
Failing to Decarbonize



Rates of wind and solar deployment: Until now, all signs have
O] ¢

LR2AYGISR G2 | aKz201Sé& aidaAa 3 NP

« Falling hardware costs
« Good quality sites
* Public support
« Falling financing costs

. + Falling hardware costs * Larger projects

E: - Good project sites .

3 * Access to transmission ’ Technology/ EfflClency

a (low interconnection costs) improvements

% « Public support

qo_’. « Etc. ® EtC.

a

&

Cumulatiﬁe Project Deployment (Based on interviews with

TerraPraxis / Repowering Coal Fleets utiIity-scaIe PV deve|oper5)
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very likely to turn into a-8urve

( * Increasing land costs & competing needs
Fewer amenable landowners

Further from transmission .
These are occurring at the same 4 Lower capacity factors/ poorer resource The best sites are developed

time, compounding cost & risk

Public opposition first.
Increasing # of gen tie Right-of-Ways . .
Transmission Availability/ Capacity ?I'herefo_re, Slte.S. are
Etc. 1 1 1 increasingly difficult,

1 1 . expensive and. risky to
develop over time.

~—
[ ] [ ]

» Falling hardware costs
» Good project sites

» Access to transmission
(low interconnection costs)

* Public support
 Etc.

* Most decarbonisation
scenarios show accelerating
deployment over time.

RE Project Deployment

Cumulative Project Deployment (Based on interviews with
TerraPraxis / Repowering Coal Fleets utiIity-scaIe PV developers)



COSICOMPETITIVE COAL PLANT REPOWERING

New build Repowering coal fleets via a fast, repeatable system resulting in
ew obul .

advanced carbon negative plants that are cheaper to operate than before
nuclear plant with no emissions.

° Scope reduction
e fromreuse of
® parts of coal plant

X
w
Qe e o 0 0 o ® © o o o o o o o o Operating cost of coal plant
[ J
g . Standardization
o _ and optimized Apply leading design
® delivery PRIy 9 an,

- manufacturing, and
assembly best practices
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FINISHED PRODUCT AND SUBSEQUENT OPPORTUNITIES

FINISHED PRODUCT
SUBSEQUENT OPPORTUNITIES

= Flexible, dispatchable, low cost
clean power generation to = Co-generation of power, heat, and
complement renewables

hydrogen
: = Lower operating costs
= Atmospheric carbon capture
= Synfuels production

= Clean energy based economic
development

= Attracting new energy intensive
industries: metals processing; data
centres; chemicals
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