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1. Context — Pathways to net-zero emissions
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Global Action Is Urgently Needed

* The magnitude of the challenge
should not be underestimated

* The planet has a “carbon

Temperature outcomes for various emissions futures

5-8.5°C
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100.0
budget” of 420 gigatonnes of dati
carbon dioxide emissions for the 5 00
1.5°C scenario P
€ 600
o
* At current levels of emissions, $ o

the entire carbon budget would
be consumed within 8 years

* Emissions must go to net zero,
but the world is not on track

Historical
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Source: Carbon Brief (2019).
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Pathways to Net Zero Emissions
Samples of ambitious and aspirational pathways to net zero

| W PLPAD S Divergent Net  Cost of carbon 1647

e Pathways based on the world’s
carbon budget, emissions reductions
targets and timelines have been

Growth rate
2020-50

modelled and published by various Zero Scenario  (USD per tCO,)
organisations 5 Wind (in GWe) 600 9371 1461%
« None of the published pathways Solar (in GWe) 620 11428 1743%
project aspirational scenarios for NetZero  Hydrogen (MtH,) 90 530 430%
nuclear innovation Sclegfgo
57E CCUS (GtCO,) <0.1 7.6 -
* All published pathways include levels ey iy 46 17 -63%
of nuclear energy deployment based (MJ per USD)
on currently available commercial
technologies S04 New Energy  Wind (in GWe) 603 25 000 4045%
_ _ NEF (2021) Outlook .
* Nuclear innovation does not feature Green SIS i E0E) 623 20000 3110%
prominently because of a lack of Scenario
(1.5°C)

specialised expertise in nuclear
technologies among modelling teams
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Nuclear in Emissions Reduction Pathways

Climate Role of nuclear energy by 2050

Organisation Nuclear innovation Description Nuclear srowth
target ; g
Capacity (GW) (2020-50)
IAEA (2021b) High 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 but HTGR Conservative nuclear capacity estimates. NZE 812 103%
Scenario and nuclear heat projects 100 gigawatts more nuclear energy
(NZE) potential are than the IEA sustainable development scenario.
acknowledged.
Shell (2021) Sky 1.5 1.5°C Not specified Ambitious estimates based on massive 1043 160%
Scenario investments to boost economic recovery and
build resilient energy systems.
IIASA (2021) Divergent 1.5°C Not specified Ambitious projections required to compensate 1232 208%
Net Zero for delayed actions and divergent climate
Scenario policies.
Gl =148 New Energy 1.5°C Explicit focus on SMRs  Highly ambitious nuclear pathway with large 7 080 1670%
(2021) 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 2050.
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2. The Role of Nuclear Energy
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The Full Potential of Nuclear Energy to Contribute to Emissions Reductions

/// H,

Long Term Gen-lll Small Modular Non-Electrical
Operation Reactors Reactors applications
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Long-term Operation
Installed Capacity And Cumulative Emissions Avoided

* Presently, the average age of nuclear 450 , 50
power plants in OECD countries is 36 100 g et opesation o 80 e Yy, 5 A
"*’.Idr?'f I il 0O o I-,‘"" o
years " W//// 3 10 2
. . . . - D # <
* The technical potential exists in most < o« 35 T
N . ]
cases for long-term operation for Q 300 =
several more decades £ 55 30 7
et w
* Long-term operation is one of the S 200 Z
most cost-competitive sources of < 20 2
« . -F]
low-carbon electricity £ 130 @
E 15 2
. - =
* Beyond technical feasibility, adequate 100 10 2
policy and market are key conditions 50 s O
of success of long-term operation
0 0
* Long-term operation could save up to 2020 2025 2030 2035 2040 2045 2050
49 gigatonnes of cumulative Source: NEA (forthcoming).

emissions between 2020 and 2050
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Full Potential of Nuclear Contributions to Net Zero

e The contributions from long-term 100

operation, new builds of large-scale 1400

. . 90
Generation Il nuclear technologies, ,@,@3
small modular reactors, nuclear 1200 IPCC 1.5°C scenarios (2050 average) = 1160 GW nuclear capacity o ( 80

ased on the average o scenarios
based on th geof IPCC 1.5°C

hybrid energy and hydrogen systems
project the full potential of nuclear
energy to contribute to net-zero

1000

50
* Reaching the target of 1160 gigawatts

Installed capacity (GWe)
=]
=
L]
Cumulative CO2 emissions avoided (GtCO2)

of nuclear by 2050 would avoid 87 600 40
gigatonnes of cumulative emissions 100 30
between 2020 and 2050, positioning 0
nuclear energy’s contribution to 200

preserve 20% of the world’s carbon 10
budget most likely de to be consistent 0 0

. . 2020 2025 2030 2035 2040 2045 2050
with a 1.5°C scenario

Source: NEA (forthcoming).
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Global Installed Nuclear Capacity Gap

) Under: Cu_rrezrc])t [())O-|Icy trend?j' nUCIeaL 1200 Nuclear target: 1160 GWe installed capacity by 2050
Ziga;ilézxatts_r)— Vlvselelxgeelc;t\f/ t:;z ;ziget (based on the average of IPCC 1.5°C scenarios)
of 1160 gigawatts of electricity %mﬂ

) ) g R&D (7-10vears) = licensing (2-4 vears) = demo (5-7 years)

* There is a projected gap between the E‘ 800 I____y_----.g-.y.----.py
minimum required global installed §- vailability
nuclear capacity and planned global -;: _____
nuclear capacity of nearly 300 =

E

gigawatts by 2050

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

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

Source: NEA (forthcoming).
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3. Challenges and Recommendations
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Nuclear Energy Faces Many Challenges

* The nuclear sector must move quickly to demonstrate and deploy near-term and medium-term innovations
including advanced and small modular reactors, as well as nuclear hybrid energy systems including hydrogen

* There are key enabling conditions for success that the nuclear sector and energy policy-makers more broadly
should address in the areas of system costs, project timelines, public confidence and clean energy financing

* A systems approach is required to understand the full costs of electricity provision, and to ensure that markets
value desired outcomes: low carbon baseload, dispatchability, and reliability

* Rapid build-out of new nuclear power is possible, but requires a clear vision and plan

* Building trust is central to building public confidence and requires sustained investments in open and
transparent engagement as well as science communication. A common mistake is to assume that public
confidence is primarily a communication issue

* Governments have a role to play in all capital intensive infrastructure projects — including nuclear energy
projects. This role can include direct funding, but also enabling policy frameworks that allow an efficient
allocation of risks and for nuclear energy projects to compete on their merits on equal footing with other
emitting energy projects
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4. Understanding the Costs of Electricity
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Understanding the System Costs of Electricity

Social and
environmental costs
of emissions, land-use,
climate change, security
of supply, etc.

Plant-level production costs
at market prices

Grid-level costs of the
electricity system
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LCOE (USD/MWh)

300

250

200

150

100

50

Nuclear Energy Agency

LY NEA

NUCLEAR ENERGY AGENCY

Comparing Electricity Generation Options

Plant-level costs of electricity generation options

© 2021 Organisation for Economic Co-operation and Development

Long term operation of
nuclear power is

the lowest cost option f
emitting electricity
generation.

Source: IEA/NEA (2020) with cost
of capital of 7% and CO2 price @
30 USD/tCO2




&) OECD

BETTER POLICIES FOR BETTER LIVES
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Comparing Electricity Mix Options
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System costs of electricity mix options

’ B Profile Costs

B Connection Costs

1 Balancing Costs B T&D Costs ‘

140

g

-]
(=]

T

=
| .

10% VRE 30% VRE

Average Costs of electricity provision (USD/MWh)

Reference

No Intc

50% VRE

No Intc, no hydro

75% VRE

M Plant-level Costs ™ Profile Costs M Connection Costs ™ Balancing Costs ™ Grid Costs |

120

No Intc
Base Case 10% VRE 30% VRE 50% VRE

No Intc, no hydro
75% VRE

As the share of variable renewables grows, electricity system costs increases ﬂgM
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The System Costs Cliff

The system costs of electricity
depend on the composition of
the electricity mix (ie. Low vs.
high shares of variable
renewables) and carbon
emission constraints.

Electricity Price (Usp/ Mwh)

400

Source: N. Sepulveda, MIT
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2050
TARGET

The System Costs Cliff

{ 300
o 275
T 250
—~— 225

~— 200
~ 175
T~ 150
~ 125
100
75

 The blue star indicates
where we are today

 The green line corres
to 2030 targets

Electricity Price ( USD/Mwh)
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Source: N. Sepulveda, MIT
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The System Costs Cliff
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Source: N. Sepulveda, MIT
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Charting a Path to Net-Zero Electricity
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The System Costs Cliff
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Charting a Path to Net-Zero Electricity
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&) OECD

BETTER POLICIES FOR BETTER LIVES

The System Costs Cliff
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The System Costs Cliff
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The System Costs Cliff
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Electricity Price ( USD/Mwh)
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Source: N. Sepulveda, MIT
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New NEA brochures on nuclear innovation, climate change and economics
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Small Modular Reactors

» A wave of near-term 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

Small

SMRs are smaller, both in terms of power output and

size, than conventional gigawatt-scale nuclear reactors. SMRs
are nuclear reactors with power output less than 300 megawatts
electric (MWe), with scme as small as 1-10 MWe.

Modular

SMRs are designed for modular manufacturing, factory
production, portabikty, and scalable deployment.

Reactors
SMAs use nuclear fission reactions to create heat that can be
used directly, or 1o generate electricity.

Safety

SMR designs build on lessons learnt from over 60 years of
experience in the nuclear energy sector to enhance safety
and improve flexibility. Many SMR designs incorporate the
concept of passive safety, meaning they do not require active
interventions or backup power to safely shut down.

Flexibility
SMRs are dasigned 1o integrate into energy systems, offering

much needed flexibiity to enable high shares of varisble
renewable snergy.

Fuel cycle

Some SMR designs seek to recycle waste stresms from
existing resctors to produce now useful fuel and minimise
waste volumes and di L

© OECD 2021

Figure 1: Near-term SMRs could decarbonise heavy
industries with combined heat and power

Output temperatre ()
1600

Stesl, giass, caramic, coment:

Source: NEA, Brthcoming.
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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

» Continued operation of the existing fleet, as well as new builds of large-scale and small modular
reactors could avold 87 gigatonnes of cumulative emissions between 2020 and 2050

¥ By 2050, nuclear energy could displace 5 gigatonnes of emissions per year, which Is more than what

the entire US economy emits annually today

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

The world Is not on track to meet the

s the largest source of nan-emitting eleciricity generation in
QECD mumneuand ﬂna ‘second \aqeel source worldwide lafter

of the Paris

As highlighted by the IPCC synthesis report (IPCC, 2018), the
world = not on track. Rather fhan the steep reductions scientists
had haped for, giobal emissions are expectad 1o riss by 16% by
2030. The window for action i rapidly narrowing. Even if carban
emissicns were to remain constent, the entire carbon budgat
would be consumed within eight years.

Constrained by the workd's carban budget, carban emissions
must peak within the next few yaers and drop to 2ero by 2100
for soonen. This wil require policy changes around the workd 2s
well a3 massive investments m innovation, infrastructure, and the
deployment of non-emitting energy resources. More spesificaly.
electrcity grids must be decarbonised; vehicle fleats must be
slectfied or ansioned 1 non-miling [usks: and 3 range of
industial sectrs le.g. ofi-grid mining, bulldings, chemicals,

&nd steel, cament) must be transformed as well

Current emizsions are on 3 frajectory 1o far exceed the targets
arising from the 1.5° scanario. It is clear that 3 major shift in
direction wil be requred if countries are to meet their objectives

The IPCC 1.5°C scenarlo foresees, on average,
1160 GW of operational nuclear energy by
2050, a three-fold increase compared to 2020
The 444 nudear power reactors in operation workiwide today

provide 394 gigawatts of electrical capacity that supplies
spproximately 10% of the workd's slectricity. Nudlear anergy

©0ECD 2021

50 more nuclear reactors.
Uhd! conatructin to provide an el Sonal &5 glgawms of
cepacity and more than 100 edditional reactors a
Existng nuclest cagacity displaces 1.6 qigatannas of carbon
dioxide emissions annuelly end has displaced 66 gigatonnes.
of cerbon diside since 1971 - the equivalent of two yaers of
global emissions (NEA, 20201
The nuclear sector can support future dlimate change mitigation
efforts in a varisty of ways. Existing global installed nuclear
capacity is already plzying a role and kong-term operation of the.
existing flest gan cantinue mkinga contribution for decades to
come, There & dsa Sgcant potental for brge scde udest
new builds to provide non-amitting electricity in exsting and
embarking nuclezr power jurisdictions, and, in particula, repiace
coal. In addition. = wave of nesr-term and medism-term nuclear
innovations have the potential to open up new opportunities.
with sdvanced znd small modulr reactors ISMRs), as well
a5 nuclear hybrid energy systems, reaching into new markets
and appiications. Thess innovations include sector coupling,
combined heat and power lcogensrationl for heawy indusry and
resource extraction, hydrogen end synthetic fuel ction,
desalinaton, and oif-gnd applications.
In a spacial repart published in 2018 {IPCC, 2018), the IPCC
considered 0 patiways consistent with 3 1.5°C scenario
~ie pathways with emissions reductions suificient to limit
average global warming 1o less than 1.6°C_ The IPCC found
that, an zverage, the pathways for the 1.5°C scenario require
nuclear energy to reach 1 160 gigawatts of electrcity by 2050,
up from 304 gigawsats in 2020

Pagel

System Costs of Electricity

¥

whole electricity

» Decarbonising the electricity sector in a cost-effective manner while maintaining security of supply
requires the rapid deployment of all available low-carbon technologies

% System costs are not properly recognised by cument 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 provision
requires systems level thinking

The first level of analysis is plant-level costs of genaration,
which include, amang other costs, the costs of the cancrets
and stesl used to build th plant, a5 well as the fusl and human
resources to operats it. These plantlevel costs are typically
refarred to as the levelised cost of sleciricity (LCOE), snd they
may include some costs that were reviously consdered a3
rnalities — for exemple, if there is @ price on Gerbon or &
lagslaved raquirement to internalise the end of life cycle costs
in1o plant-Jevel costs:
The next leval of snalysis takes into sccount grid-devel system
costs. Thase ere the costs that generating Lnts impase on the
broader alectricity system - including the costs of maintaining =
high lavel of security of supply at al times as wel as delivering
‘elecricity from genarating plants 1o customers — in other words,
in adition to production, they include connection, distribution.
and transmission costs. Most importantly, gric-evel coats indlude
T cocts sssodiaind wih compensating for the variability end
uncertanty in the supgly from genersting plants. This includes
the costs of addisonal drspsmiﬁhla capacty 1o account for the
varlabiity of certain renewables such as wind and solar PV and
for mantaining spnning reserves that can be ramped up when
the production of variable sourpes fals short of farecasts.
The final level of analysis eddresses the ful costs, including the
soeial and environmental eosts that different technologies

Limiting the rise of global temperature to less than 2°C represents an enormous challenge for the
sector
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The combinztion of plentlevel costs, grid-level systems costs.
and full socisl and enviranmentsl costs creates a framework
that allows pnllcymakslx to compara the costs of different
generating options — comparing apples o appies, not apulas 0
Sringes. Ta o 30 recuiret a s levl perspoci

Figure 1: Understanding the system costs of elactricity

Souroe: Adapted fram NEA (2017}

Total economic system costs, then. ere defined as plant-
level generating costs plus grid-level system eosts. Taking
this syst ive includes:

-..ma on the wall-being of pecple and including

negative externalities liks atmaspheric pollution, impacts on
land-use and biodiversity. as well 35, in certain cases. positive
extemnalities such ss impects on employment and economic
development, ar spin-off benafits from technalogy innouation
These ere the externalities that are not accounted for in plant-
level costs or gid-evel system costs.

© DECD 2021

« Profile and balancing eosts — the grid-leval costs imposed
bv vatibilty and uncarisiy

costs -
tha costs of dakvering !lsmm:lty rom distabutad p power
enaration 10 CUSTOMENS.

Paga1


https://www.oecd-nea.org/jcms/pl_61714/nea-at-cop26
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Thank you!

Contact:report@tky.ieej.or.jp
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