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1. Context
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NUCLEAR ENERGY AGENCY

Global Action Is Urgently Needed

A The magnitude of the challenge Temperature outcomes for various emissions futures
should not be underestimated 1200 5-8.5°C

A¢KS LXIFySi KI A& -
0 dzR 3 S (i &igaomnesafH N
carbon dioxide emissions for the %0
1.5°C scenario

3-7.0°C

60.0 *

Gigatonnes CO2

A At current levels of emissions,

400

the entire carbon budget would Historical
be consumed within 8 years 200
A Emissions must go to net zero, 00
but the world is not on track rE
-20.0 5°
1980 2000 2020 2040 2060 2080 2100 5.3 4°c

Source Carbon Brief (2019).
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Pathways to Net Zero Emissions

. Samples of ambitious and aspirational pathways to net zero

Growth rate
Organlsatlon Scenario 2020 2050 202050

|l As ozl Divergent Net  Cost of carbon 1 647
ZeroScenario (USD per tC9
(1.5C)  Wind (incwe 600 9371 1461%
Solar (in GWe) 620 11 428 1743%

AtlrdKglreéea ol asSR 2y
carbon budget, emissions reductions
targets and timelines have been
modelled and published by various
organisations

A None of the published pathways

project aspirational scenarios for =8 ilg)  Net Zero  Hydrogen (Mth) 90 530 490%
nuclear innovation S‘ieg,g”o
| | (.5C) ccus@gp <01 7.6 :
A All published pathways include levels vy e A 17 63%
of nuclear energy deployment based (MJ per USD)
on currently available commercial

technologies =al)pls=ief. New Energy  Wind (in GWe) 603 25 000 4045%
Qe Outlook g 5r (inGWe 623 20000  3110%

Green
Scenario
(1.5°C)

A Nuclear innovation does not feature
prominently because of a lack of
specialised expertise in nuclear
technologies among modelling teams
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Nuclear in Emissions Reduction Pathways
T

Organisation Scenario Nuclear innovation Description
target Capacity (GW Nuclear growth

(202050)
IAEA (2021b) Eglle]y 2°C Not included Conservative projections based on current 792 98%
Scenario plans and industry announcements.
IEA (2021c) Net Zero 1.5°C Not included butHTGI Conservative nuclear capacity estimat®&&ZE 812 103%
Scenario and nuclear heat projects 100 gigawatts more nuclear energy
(NZE) potential are than the IEA sustainable development scen:
acknowledged.
Shell (2021) Sky 1.5 1.5°C Not specified Ambitious estimates based on massive 1043 160%
Scenario investments to boost economic recovery anc
build resilient energy systems.
ASTAN A0z B Divergent 1.5°C Not specified Ambitious projections required to compensa 1 232 208%
Net Zero for delayed actions and divergent climate
Scenario policies.
=llelelplel=ieN|=F New Energy  1.5°C Explicit focus on SMR Highly ambitious nuclear pathway with large 7 080 1670%
Outlook and nuclear hydrogen scale deployment of nuclear innovation.

Red Scenario

All pathways require global installed nuclear capacity to grow significantly, often more than doubling by 20¢
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2. The Role of Nuclear Energy
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

The Full Potential of Nuclear Energy to Contribute to Emissions Reduction

0

Long Term Genlll Small Modular Non-Electrical
Operation Reactors Reactors applications
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Full Potential of Nuclear Contributions to Net Zero

A The contributions from longerm

operation, new builds of largscale 1400
Generation Il nuclear technologies, .&3 20
small modular reactors, nuclear 1200 IPCC 1.5°C scenarios (2050 average) = 1160 GW nuclear capacity o ( 80

(based on the average of IPCC 1.5°C scenarios)

hybrid energy and hydrogen systems
project the full potential of nuclear
energy to contribute to nekzero

1000

50

A Reaching the target of 1160 gigawatts
of nuclear by 2050 would avoid 87
gigatonnef cumulative emissions
between 2020 and 2050, positioning
ydzOf SIF NJ SYSNHe& Qa 02y,(
LINBA SNIWS Hmx: 2F GKS
budget most likely de to be consistent 0
with a 1.5C scenario

h
o]
L]

40

Installed capacity (GWe)
=]
=
L]

30
400

20

Cumulative CO2 emissions avoided (GtCO2)

10

0
2020 2025 2030 2035 2040 2045 2050

Source NEA (forthcoming).
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3. Challenges
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Global Installed Nuclear Capacity Gap

A Under current policy trends, nuclear
capacity in 2050 is expected to reach
479 gigawatts; well below the target

1200 Nuclear target: 1160 GWe installed capacity by 2050
(based on the average of IPCC 1.5°C scenarios)

of 1160 gigawatts of electricity %“m

A There is a projected gap between the £ soo e
minimum required global installed & vailability
nuclear capacityandplanned global % _____
nuclear capacityf nearly 300 =
gigawatts by 2050 E

A Owing to the timelines for nuclear
projects, there is an urgency to action

now to close the gap in 2032050 0
2020 2025 2030 2035 2040 2045 2050

Source NEA (forthcoming).
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BETTER POLICIES FOR BETTER LIVES

Nuclear Energy Agency

Understanding the costs of electricity provision

Net zero

Social and . g

Grid-level environmental costs o 5

Plant-level production costs of the of emissions, land- 50 £
costs at market prices electricity | use, climate change, - §

system security of supply,

etc.

300

Understanding system costs of electricity Total costs for different mixes of electricity (driving to nekero)

Source Adaptedfrom NEA (2012).

Source Basedon Sepulvedd42016).

A To understand the costs of electricity provision A This 3dimensional graph shows the effects on total costs as

requires systems level thinking combining
plant-level costs, gridevel systems costs, and
full social and environmental costs

carbon emissions are increasingly constrained. The red line
shows what happens to total costs when carbon constraints
reach netzero emissions.
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5. UN Climate Change Conference (COP -26)
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Recommendation for COR6: Ensuring Full Representation at the Conferenc

Governments should break the silence on nuclear energy at COP 26, raising the profile of nuclear energy
alongside other noremitting energy technologies. Three key messages are recommended:

1. Nuclear energy already makes an important contribution to emissions reductions and it needs to expand to
meet Paris Agreement targets.

A Nuclear energy is the largest source of {oarbon electricity in OECD countries and the second largest
source of lowcarbon electricity around the world after hydropower. Nuclear displacegifj@onnef
carbon dioxide annually. The average IPCQCls6enario requires nuclear to reach 1,btgawatts of
electricity by 2050, up from 394 in 2020

2. Nearterm nuclear innovations are expected to make significant contributions to emissions reductions targets.
A Advanced and small modular reactors (SMRs), as well as nuclear hybrid energy systems, including hydrog
are advancing quickly, with several SMR designs expected to be commercially deployed within 5 to 10 yeal

3. Policies should be technologyeutral, structured to incentivize desired outcomes such as emissions reductions
and security of energy supply.
A Taxonomies, as well as criteria for access to climate finance, development finance and Environmental Soci
and Governance (ESG) finance should be applied consistently with similar levels of scrutiny across
technology options, to allow technologies to compete on equal footing
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Small Modular Reactors

» A wave of neartemm innovation in nuclear energy promises to revolutionise nuclear safety and economics
and open up new applications in hard-to-abate sectors

% Small modular reactor (SMR) designs under development offer different value propositions, with a
variety of sizes and temperatures intended for different applications

SMR reactors are expected to be commercialised within the next decade
A rapid SMR uptake could help avoid 15 Gt of carbon emissions by 2050

¥ ¥

SMRs are reinventing nuclear energy Figure 1: Near-term SMRs could decarbonise heavy

industries with combined heat and power

Small
SMRs are smaller, bafh in terms of power output and physcel O TPer)
size, than conventions| gigewatt-scale nuclear reactors. SMRs 1600
are nuclear reactors with power output less than 300 megawatis L_ L_l_
elzatric (MW, with Some as small as 110 Me. Stasl, giass, coramic, {amest

1400
Modular
SMRs are designed for modular manufacturing, factory | o)
production, portebikty, and scalsble deployment.
Reactors 1000
SMAs use nuclear fission reactions to create heat that can be e
used dractly, or o generste electricity.

wof 1L * | | |
Saf e . HTRPMg  Alumanium, stasm mathana rafarming

ety Fhettery He100 e R Westinghouse
SMR designs build on lessons leamt from over 60 years of . wUSNC - Maltex leadftreacton
experience in the nuclear energy sactor 1o enhance safety C_ C_¥_
and improve fibility. Many SMR designs incorporate the ) Chamicals, smmonis, rainarics
concept of passive safety, meaning they do not require active
interventions or backup power to safely shut down. I b
§ . sk
Flexibility EWRL-300
SMAs are designed 1o integrate into energy systems, offering =
much needed flxibifity to enable high shares of varishle l
renewabla energy. o
L] 0 W00 150 300 750 30 30 A0 450 500

Fuel cycle Power output (MWe)
Some SMR designs sesk to recycle waste streams from i
existing reactors 1o produce naw useful fuel and minimise i alig
waste volumas requiting long-term menagement snd disposal Souree: NEA, forthoaming.
© 0ECD 2021 Pagal
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Climate Change Targets:
The role of nuclear energy

#» The climate crisis is one of the defining challenges for this generation and the window for action is

rapidly narrowing.

Nuclear energy Is playing an important role and can do more to help meet climate change targets

¥

reactors could avoid 87

Continued operation of the ellstl\g fleet, as well as new builds of large-scale and small modular

between 2020 and 2050

» Byzﬂs&l.mcleuenergymunhmesmmsﬁmmmwywr.mmhmHnmwllm

the entire US economy emits annually today

% Energy policymakers have an important role to play to create the enabling conditions for success

mmhmmmhmﬂm
of the Parls.

As highlighted by the IPCC synthesis report [IPCC. 201!, the
werld i not on track. ather than the staep reductions scientists
had hoped for, gicbal emissions ars expactad to riss by 15%
2030. The window for action = rapicly narowing. Even if carban
emissions were ta remain constent, the entre cerbon budget
would be consumed within sigh years.

Constrained by the workd's carbon budget, carbon emissions
must pesk within the next few yeers and drop to zero by 2100
for sconarl. This wil require policy changes around the workd 25
well as rmsema investments ininnovation, infrastructure, end the
rasources. Mone specificaly,
alactricity g\da must be decarbonised; vehicle flaats must ba
alactrified or transidoned to non-emitting fuals; and = ranga of
industrial sectors le.g. off-grid mining, buildings, chemicals, ron
and steel, cement] must be transformed 2= well
Current emissions are on a ejectory 10 far exceed the targsts
arising from tha 1.5° scenario. It is clear thet 2 major shift in
direction will be required if countries are 1o meet thair chjectives.

The IPCC 1.5°C scenario foresees, on average,
1 160 GW of operational nuclear energy by
2050, a three-fold increase compared to 2020
The 444 nuclsar power reactars in operation workdwide today

provide 384 gigawatts of electrical capacity that supplies
spprowmately 10% of the warid's electricity. Nuclaar anergy

©0ECD 2021
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is the largest source of non-smitting electricity generation in
OECD countries and the second lergest source worldwide lafter
ei.Thereare approsimately 0 more nuclear eactora
under canstruction to provide en edditonzl 55 glgawatls af
capacity and more than 100 edditional reactors a
Evisting muclesr capasity displaces 1.8 gigatonnes o carban
Gioxide emissions annually and hes displaced BE gigatonnes
of carbon dioxide since 1371 - the equivalent of twao years of
global smissians INEA, 2020)
The nuclear sector can support future climate change mitigation
efforts in a varisty of ways. Existing global installed nuciear
capacity is already playing a role and long-term opsration of the
existing flest can continue meking & contribution for decades to
come. Thera is aisa significant potential for large scele nudlear
new builds to provide non-amitting electricity in exsting and
‘emberking nuclaar power jurisdictions, and, in particulsr, repiace
coal. In adition, & wave of near-tarm and medum-term nuclear
innovations have the potential to open up new opportunities
with advanced and small moduler reactors ISMRs), as well
as nualeer hybrid energy systems, reaching into new merkets
2 appications. Thess inmvatons imcds secior Coupling,
‘comhbined heat snd power icogeneration) for hasvy industry and
resource extraction, hydrogan ant c fuel ction,
desalinztion. and offgrid applications.

In a spacial report publishad in 2018 [IFCC, 2018, the IPCC
considerad 30 pathways consistent with & 1.5°C scensric

e pathways with emiszions reductions sufficient to imit
average global warming to less than 1.5°C. The IPCC found
that, on everage, the pathweys for the 1.5°C scenario requie
nuclear energy to reach 1 160 gigawatts of electriity by 2050,
up from 394 gigawatts in 2020.

Paga1
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System Costs of Electricity

#  Limiting the rise of global temperature to less than 2°C an for the
‘whole electricity sector

% Decarbonising the electricity sector In a cost-effective manner while maintaining security of supply
requires the rapid deployment of all avallable low-carbon technologies

¥ System costs are not properly recognised by current market structures and are currently bome by
the overall electricity system in a manner that makes it difficult - if not impossible - to make well-
informed decisions and investments

the costs of The combination of plant-level costs, gric-lavel systems costs,
g sys

and full social and amitonmental costs crastes @ framework
requires systems level thinking it slows poleymaiers 1o camagre e ot of iferent
The first level of anglysis is plant-level costs of genaration, generating options - compa: to apples, not anplas to
which include, among other costs, the costs of the concrete orangas. Tﬂ dose Nqulrﬁsl systems level parspect
and stesi used 1o build the plant, as wel as the fusl and ruman
resources to operate it. Thess Flantlevel costs are typically . -
refarmed o as the levelised cost of elecirisity (LCOE), end they Figure 1: Understanding the system costs of electricity
may include some costs that were previausly considered as
externaliies — for exampls, if there is a prica on carbon or &
legislated raquirement 1o intsralise the end of lifs cycle costs
info piant-level gosts.

The next level of analysis takes into account grid-level system
costs. These are the Costs that generziing Unts impase on me
brosdar electricity system - including the costs of
i I of secority of supply ot al times a5 wall a0 dalverirg
electricity from generating plants 1o customers - in other words,
in addition to production, they include connection, distribution.
and transmission costs. Mostimportantly, griddevel costs includs
the costs sssociztad with compansating for the variability snd
uncertainty in the supply from genarating plants. This includes
the costs of additional dispatchable capacity to account for the
variebiity of cartain renewables such 2s wind and solar PV and Sexrue: Acnpted from NEA (2012].
for mzintsining spinning reservas that can be ramped up when

the production of variabla sources fals shart of forecssts.

of supply sic.

The final level of analysia acdresses the full costs, inchuing the Total economic system costs, then, are defined as plant-
social and umirnn::nmnl costs that different tachnologies level generating costs plus grid-level system costs. Taking
impase on the well-being of pecple and communities, inchuding thiz systems level perspective includes:

negetive extemalities Iike stmaspheric pollution, impacts on « Brofile and balancing eosts - the grid-level costs imposed
landhuse and biodiversity, as well as, in certain cases, positive by varisbility and ,mmm

externalities such as impacts on employment and economic . B

development, ar spin-off benefits from technology innovation. = G costs -
These are the extornalifiss that are not accounted for in plant- the costs of defivering nlsmrn:lt\' rom disbued 7 power
level costs or grid-ievel system costs. generation to customers

©DECD 2021 Page1
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Thank you for your attention
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- We need nuclear to reach net

28% by 2040

-Z€l0

MIT Future of Nuclear Energy Study (2018)

2.7 degrees by 2040

Projected increase in atmospheric
temperatures if global greenhouse
gas emission continue at current rate
by Intergovernmental Panel on
Climate Change

Projected increase in world
energy use by U.S. Energy
Information Administration.*

We cannot reach our climate goals without
contribution from nuclear energy!

o:‘],;’) I ES

18, \3 Integrated Energy Systems

Key finding: Without contribution from nuclear, the cost of achieving
deep decarbonization targets increases significantly.

International Energy Agency, Nuclear Power in a Clean Enerqgy

System (May 2019)

Despite significant renewable energy growth over the last 20 years,

the overall contribution of clean energy supply to electric generation
has not changedé | n ma Rcgstnataral gasis o
displacing nuclear generation as a complement to variable wind,

solar.

Clean Enerqgy Targets are Trending updated Dec 2020
Clean energy commitments are rapidly gaining

popularity. ThirdWay research for the U.S. identified a total of 153
portfolio standards and other commitments to clean energy since

1983; 67% were adopted since 2016.

Climate leaders want more technology options to choose

from. Prior to 2016, 90% of commitments in the U.S. were exclusive

to renewable energy. That trend has almost completely reversed,

with 73% of states, utilities, and major cities now embracing

At echmnhonlcolguysi veo c occleanenempye nt s | i k€
standards that take advantage of nuclear power, carbon capture,

and other carbon-free options.

IDAHO NATIONAL LABORATORY


https://energy.mit.edu/wp-content/%20uploads/2018/09/The-Future-of-Nuclear-Energy-in-a-Carbon-Constrained-World.pdf
https://www.iea.org/reports/nuclear-power-in-a-clean-energy-system

- Embracing new operational paradigms 8 nuclear energy
flexibility

Nuclear flexibility can be key to
. MICROREACTOR SMALL MODULAR LARGE SCALE
enabling deployment of other MWCEOMW oMW~ 300 Mw KEAcon

300 MW -1,000+ MW

Nuclear is evolving

into @ more
e clean energy generators.
source that
can work alongside
chemical plants and X 1
renewable generators E J} i .
to create integrated S ‘ SIZE
oo I FRODUC:S Nuclear has the right-sized
energy systems. 1 Nuclear's thermal ener s electricity
SEneE enorgy i reactors to meet the energy
can be used to create €lech Watae needs of any community.
many diverse products: N ! hydrogen
% heating
e @ -
e grid storage
FLEXIBILITY e | vonicles FLEXIBILITY ety qodne
synthetic fuels

ammonia
metals refining
and more

A Operational flexibility

U.S. DEPARTMENT OF Ofﬁce Of

ENERGY | NUCLEAR ENERGY
A Product flexibility

FLEXIBILITY t energy.gov/ne | g 0.0°0 n | C E FUtUre

°. Nuclear Innovation: Clean Energy Future

A Deployment flexibility

o9 I ES Flexible Nuclear Energy for Clean Energy Systems, September 2020
){ https://www.nice-future.org/flexible-nuclear-energy-clean-energy-systems

\3 Integrated Energy Systems IDAHO NATIONAL LABORATORY




Advanced reactor
design concepts

Benefits:
A High-degree of passive safety

A Higher temperature operation for
versatile applications

A Reduced waste
A Long operational lifetimes (~5-20 yr)

A Advanced manufacturing of
components to reduce costs

A Modularity supports additional build-
out on an as-needed basis

A Enhanced siting options, reduced
Site preparation

60+ private sector projects
under development

20

SMALL

1 MW to 20 MW
Micro-reactors

Can fit on a flatbed truck.
Mobile. Deployable.

MEDIUM

20 MW to 300 MW
Small Modular Reactors

Factory-built. Can be Can provide reliable,
scaled up by adding emissions-free baseload
maore units. power

LARGE
300 MW to 1,000 + MW

Full-size Reactors

Advanced Reactors Supported by the U.S. Department of Energy

&l

MOLTEN SALT REACTORS -
Use molten fluoride or
chloride salts as a coolant.
Online fuel processing. Can
re-use and consume spent fuel
from other reactors.

GAS-COOLED REACTORS -
Use flowing gas as a coolant.
Operate at high temperatures
to efficiently produce heat for
electric and non-electric
applications.

LIQUID METAL FAST REACTORS -
Use liquid metal (sodium or lead)
as a coolant. Operate at higher
temperatures and lower pressures.
Can re-use and consume spent fuel
from other reactors.



Enhanced private -sector interest in advanced nuclear is
moti vating a new nNati onal React

A New opportunities have resulted in significant private sector interest in advanced nuclear

A Facilities and capabilities needed to develop, test, and demonstrate promising advanced reactor
concepts to enable commercialization and deployment, domestically and beyond

framatome = OKLO
HolosGen u% STARCORE
P> o)
=<

erraPower
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