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1. Context

ü Global action is urgently needed

ü Pathways to net zero emissions

2. The Role of Nuclear Energy

ü The future of nuclear energy systems

ü The full potential of nuclear contributions to net zero

3. Opportunities and Challenges

4. Conditions for Success

Outline
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1. Context
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Å The magnitude of the 

challenge should not be 

underestimated

ÅThe planet has a ñcarbon 

budgetò of 420 gigatonnes of 

carbon dioxide emissions for 

the 1.5ÁC scenario

Å At current levels of 

emissions, the entire carbon 

budget would be consumed 

within 8 years

Å Emissions must go to net 

zero, but the world is not on 

track

Temperature outcomes for various emissions futures

Source: Carbon Brief (2019).

Global Action Is Urgently Needed
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Organisation Scenario Parameter 2020 2050
Growth rate 
(2020-50)

IIASA (2021) Divergent Net 
ZeroScenario 

(1.5°C)

Cost of carbon 
(USD per tCO2)

0 1 647 -

Wind (in GWe) 600 9 371 1461%

Solar (in GWe) 620 11 428 1743%

IEA (2021c) Net Zero 
Scenario
(1.5°C)

Hydrogen (MtH2) 90 530 490%

CCUS (GtCO2) <0.1 7.6 -

Energy intensity 
(MJ per USD)

4.6 1.7 -63%

Bloomberg NEF 
(2021)

New Energy 
Outlook

Green Scenario
(1.5°C)

Wind (in GWe) 603 25 000 4045%

Solar (in GWe) 623 20 000 3110%

ÅPathways based on the worldôs 

carbon budget, emissions reductions 

targets and timelines have been 

modelled and published by various 

organisations

Å None of the published pathways 

project aspirational scenarios for 

nuclear innovation

Å All published pathways include levels 

of nuclear energy deployment based 

on currently available commercial 

technologies 

Å Nuclear innovation does not feature 

prominently because of a lack of 

specialised expertise in nuclear 

technologies among modelling teams

Samples of ambitious and aspirational pathways to net zero

Pathways to Net Zero Emissions
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Organisation Scenario
Climate 
target

Nuclear innovation Description
Role of nuclear energy by 2050

Capacity (GW)
Nuclear growth 

(2020-50)

IAEA (2021b) High 
Scenario

2°C Not included Conservative projections based on current 
plans and industry announcements.

792 98%

IEA (2021c) Net Zero 
Scenario 
(NZE)

1.5°C Not included but HTGR 
and nuclear heat 
potential  are 
acknowledged.

Conservative nuclear capacity estimates. NZE 
projects 100 gigawatts more nuclear energy 
than the IEA sustainable development scenario. 

812 103%

Shell (2021) Sky 1.5 
Scenario

1.5°C Not specified Ambitious estimates based on massive 
investments to boost economic recovery and 
build resilient energy systems.

1 043 160%

IIASA (2021) Divergent 
Net Zero 
Scenario

1.5°C Not specified Ambitious projections required to compensate 
for delayed actions and divergent climate 
policies. 

1 232 208%

BloombergNEF 
(2021)

New Energy 
Outlook
Red Scenario

1.5°C Explicit focus on SMRs 
and nuclear hydrogen 

Highly ambitious nuclear pathway with large 
scale deployment of nuclear innovation.

7 080 1670%

All pathways require global installed nuclear capacity to grow significantly, often more than doubling by 

2050.

Nuclear in Emissions Reduction Pathways



© 2021 Organisation for Economic Co-operation and Development 1010

2. The Role of Nuclear Energy
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Small 

Modular 

Reactors

The Full Potential of Nuclear Energy to Contribute to 

Emissions Reductions



© 2021 Organisation for Economic Co-operation and Development 12

Å Presently, the average age of nuclear 

power plants in OECD countries is 36 

years 

Å The technical potential exists in most 

cases for long-term operation for 

several more decades

Å Long-term operation is one of the 

most cost-competitive sources of low-

carbon electricity

Å Beyond technical feasibility, adequate 

policy and market are key conditions 

of success of long-term operation

Å Long-term operation could save up to 

49 gigatonnes of cumulative 

emissions between 2020 and 2050
Source: NEA (forthcoming).

Installed Capacity And Cumulative Emissions Avoided

Long-term Operation
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Å At the end of 2020, 55 gigawatts 

of new nuclear capacity in the 

form of large-scale Generation 

III reactors were under 

construction around the world 

driven largely by new builds 

outside the current OECD 

membership

Å Taken together, large-scale 

Generation III reactors that are 

under construction and planned 

are expected to reach over 300 

gigawatts of installed capacity 

by 2050, avoiding 23 gigatonnes

of cumulative carbon emissions 

between 2020 and 2050

Installed Capacity And Cumulative Emissions Avoided

New builds of large Generation III nuclear technologies

Source: NEA (forthcoming).
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What is a Small Modular Reactor?
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POWER
Å SMRs vary in size from 1 to 300 megawatts electric

TEMPERATURE
Å From 285ÁC to 850ÁC in the near-term and up to or over 

1,000ÁC in the future

TECHNOLOGY
Å Some SMRs are based on Generation III and Light Water 

reactor technologies

Å Other are based on Generation IV and advanced reactor 

technologies

FUEL CYCLE
Å Some SMRS are based on a once-through fuel cycle

Å Other seek to close the fuel cycle by recycling waste streams 

to produce new useful fuel and minimize waste streams 

requiring long-term management and disposal

Small Modular Reactors ïRanges of Sizes and 

Temperatures

Source: NEA (forthcoming).
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Å Several SMR designs are expected to 

be commercially deployed within 5-10 

years and ready to contribute to near-

term and medium-term emissions 

reductions

Å SMRs could see rapidly increasing 

rates of construction in net zero 

pathways

Å Up to 2035, the global SMR market 

could reach 21 gigawatts

Å Thereafter, a rapid increase in build 

rate can be envisaged with 

construction between 15 and 150 

gigawatts per year

Installed Capacity And Cumulative Emissions Avoided

Small Modular Reactors

Source: NEA (forthcoming).
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Nuclear hybrid energy systems including heat and 

hydrogen

Credit: US Department of Energy, Idaho National Lab
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The Hydrogen Economy ïsources, production 

processes, and end-uses

Source: NEA (forthcoming).
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Å Taken together, nuclear hybrid 

systems with non-electric 

applications including hydrogen 

can contribute to avoiding nearly 

23 gigatonnes of cumulative 

emissions between 2020 and 

2050

Å Further, nuclear energy enables 

more extensive, more rapid, and 

more cost-effective deployment of 

variable renewables, by providing 

much needed flexibility

Å The role of nuclear energy in 

emissions reductions for future 

energy systems is therefore even 

greater

Carbon emissions avoided by nuclear power and non-power applications

Power and Non-power Applications of Nuclear Energy

Source: NEA (forthcoming).
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Å The contributions from long-term 

operation, new builds of large-scale 

Generation III nuclear technologies, 

small modular reactors, nuclear 

hybrid energy and hydrogen 

systems project the full potential of 

nuclear energy to contribute to net-

zero

ÅReaching the target of 1160 

gigawatts of nuclear by 2050 would 

avoid 87 gigatonnes of cumulative 

emissions between 2020 and 2050, 

positioning nuclear energyôs 

contribution to preserve 20% of the 

worldôs carbon budget most likely de 

to be consistent with a 1.5ÁC 

scenario

Full Potential of Nuclear Contributions to Net Zero

Source: NEA (forthcoming).
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ÅUnder current policy trends, nuclear 

capacity in 2050 is expected to 

reach 479 gigawatts ïwell below the 

target of 1160 gigawatts of electricity

Å There is a projected gap between 

the minimum required global 

installed nuclear capacity and 

planned global nuclear capacity of 

nearly 300 gigawatts by 2050

Å Owing to the timelines for nuclear 

projects, there is an urgency to 

action now to close the gap in 2030-

2050

Global Installed Nuclear Capacity Gap 

Source: NEA (forthcoming).
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3. Challenges
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Å 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

Å 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

Å 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

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

Å 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

Å Governments have a role to play in all capital intensive infrastructure projects ïincluding 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

Nuclear Energy Faces Many Challenges
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4. Conditions for Success
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Conditions for Success ïbeyond technical feasibilityé
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https://www.oecd-nea.org/jcms/pl_61161/nea-and-cop26

NEA brochures
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Thank you.
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ƮUijt!jt!b!dmjnbuf!fnfshfodzƵUp!lffq!
the 1.5°C limit agreed in Paris Agreement 
within reach, we need to cut global 

emissions by 45 per cent this decade/Ư!
UN Secretary General

Climate emergency

ñWe have the tools and know-how required to limit 

warmingé There are policies, regulations and 

market instruments that are proving effective. If 

these are scaled up and applied more widely and 

equitably, they can support deep emissions 

reductions and stimulate innovation.ò  

IPCC Chair
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Net Zero and options

31Urgent and ambitious GHG reduction across all activities and sectors 

Two key elements:

ÅExtensive  electrification of economy  with low 

carbon electricity

ÅDeployment of other low carbon  energy carriers

Source: International Energy Agency, CO2 Emissions from Fuel Combustion, OECD Publishing, Paris (2019)



Nuclear power, reliable low carbon source

32IAEA Power Reactor Information System (PRIS)



Global CO2 emissions from the electricity generation, 

estimated emissions avoided by low carbon technologies 

(upper panel) and share of low carbon electricity (lower 

panel),1971ï2018. Source: IAEA calculations based on 

Refs [8, 9, 12]. Note: Gt CO2 ð gigatons of carbon 

dioxide.

Low life cycle carbon emission

Contribution of material related emissions to total emissions per unit of 

output for low carbon energy sources. Source: Ref. [48]. Note: Upstream 

ð production and transport of all necessary ancillary substances for 

operation (e.g. fuels, oils, lubricants etc); core infrastructure ð from the 

extraction of the raw materials needed to build the power plant, until its 

dismantling and corresponding end of life material treatment; 

downstream infrastructure ð construction and decommissioning of the 

electrical grid; downstream process ð electrical losses; core  process ð

operation and maintenance impacts.
33

https://www.iaea.org/publications/14725/climate-change-and-nuclear-power-2020


Dispatchable and flexible source

34
Patel, S. Flexible operation of nuclear power plants ramps up, POWER Magazine

ÅFlexibility is at the heart of future low carbon electricity system with high penetration of VRE.

ÅNuclear power has had decadesô experience for flexible operation. 



Less mineral resource and smaller land footprint
Nuclear energy is one of the low-C technologies with the lowest (critical) mineral 

intensity and land footprint

Land Requirements for Carbon-free Technologies, NEI, 2015The role of Critical material in Clean Energy Transition, IEA , 2021

Land requirement for NPP, wind and solar technologies per 1000 MW of capacity 

35



Economic competitiveness

36

ÅAt  3%discount rate, nuclear power is estimated to be the 

cheapestgeneration technology across all regions, followed by 

VRE.

ÅAt 10%discount rate, all low carbon technologies lose 

competitiveness

All low carbon technologies are characterized by a high proportion of overnight investment 

and financing costs

ÅAt lower discount rates, the LCOE for 

nuclear compares favourably with other 

technologies.

ÅThe cost here is internalized direct cost, 

excluding system integration and 

environmental cost.

Å Innovative financial mechanisms are 

available to address high upfront 

overnight cost , de-risk investment and 

secure revenue.



Valuable economic benefits

Total employment in the nuclear 

power sector of a given national 

economy is therefore roughly 

200 000 labour years over the 

life cycle of a gigawatt of 

nuclear generating capacity

Direct and indirect social economic benefit

ÅJobs

ÅEconomic Growth

Importance for the ñJust Transitionò away 

from coal to mitigate the socio-economic 

costs of fossil activities.

37



Climate resilience ðadaptation case of nuclear

38

Nuclear power plants, like other energy infrastructures, 

are affected by CC and extreme weather events. But 

IAEA data (PRIS operational data) shows that even if the 

#reported events are on the rise, the production loss are 

not: adaption measures can be deployed to ensure robust 

and reliable power generation. (weak point is more often 

the grid ïneed for resilient ñsystemsò)



Nuclear power vs SDGs

39

ÅFavorable in many sustainable 

indicators 

ÅContribute to many SDGs directly 

and indirectly



Energy, Electricity and Nuclear Power Estimates for the Period Up to 2050

Projecting the future  

Å Electricity consumption 

expected to double in 2050

Å Share of electricity in energy 

consumption increases by 8 pts

IAEA Projection up to 2050

ÅHigh case: installed capacity increases 20 % (470GWe) by 

2030 and 80% (792 GWe) by 2050, close to IEA NZ scenario. 

First time revised up since Fukushima.

ÅLow case: decrease by 7%(366 GWe) by 2030 and rebound 

back (394 GWe) to 2020 level. 40



Nuclear beyond electricity

Advanced 

Reactors

NPPs: large Gen III reactors + 

Advanced reactors(incl. SMRs)

3 low-carbon energy vectors: electricity, heat, hydrogen

41



Coal Replacement by nuclear

42

Electricity generation mix (2018) in countries with or planning nuclear power programmes 

Single nuclear reactor could replace multiple 

coal units.  Various SMR designs in different 

stages of development could be well suited 

to replace smaller coal fired units across a 

wider range of applications. 

Several countries operating NPP or planning to 

operate NPP account for 85% of the worldôs coal 

generation 
Categorizing selected nuclear technologies suitable for replacing coal. 



Heat supply by nuclear 
ÅAbout 15% of the currently operating NPPs are used to supply heat in form of steam 

and/or hot water, along with power production.

Å Decades of experience of nuclear-fuelled district heating  has been accumulated in 

Switzerland, Sweden, Russia, Hungary, China and other  European countries and heat 

from nuclear power plants has also been sent to industrial sites in several countries.

IAEA Guidance on Nuclear Energy Cogeneration,2019 43



Hydrogen production by nuclear 

Interest in hydrogen production using 

nuclear energy is growing internationally 

due to the potential to deliver electricity and 

heat for hydrogen synthesis in a 

sustainable, low carbon and cost effective 

manner. 

44



ÅSMR platform on enabling factors of its 

deployment.

ÅOne Initiative on harmonization and 

standardization aiming at facilitating 

SMR deployment.

ÅNew Technical Working Group on 

nuclear power in low carbon energy 

system.

ÅRequests from MS to model transitions 

to net zero (energy supply MESSAGE 

tool)

Åéé

IAEA and climate change
More climate change related  programmatic activities, e.g., innovation for nuclear power and 

fuel cycle including SMR , techno-economic studies of energy system, case studies of 

nuclear hydrogen production, co-generation, hybrid system, stakeholder engagement, etc.

45



IAEA and climate change (Conõt)

46

ñThere is an increased recognition that nuclear is part of the solution and it will be 

part of the solution.ñ IAEA DG Grossi at COP 26



ÅAmbitious decarbonization pathways to ensure net zero target achieved the 
Paris Agreement needs all stakeholders on board and all low carbon 
technologies at hand.

ÅIncreasing recognition of nuclear energy not only as climate friendly low carbon 

energy option, but also as an enabler of broader, more resilient transformation.

ÅChallenges need to be addressed to release nuclear energy ós potential in net 
zero transition, including favorable regulatory and policy frameworks, innovative 
technology advancement, improved economic competitiveness, strengthened 
stakeholder engagement, etc.

ÅInternational cooperation will help to  transfer IAEA high case projection and IEA 
NEZ scenario into a reality.

Take-aways

Nuclear energy is and must be part of the solution to climate change

47



Thank you!
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Non-Electric Applications of Generation IV Reactors

Accelerating Economy-Wide Decarbonization 
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19 April 2022
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The bottom line up front
ÅToday, operating nuclear plants and nuclear new-build projects are mainly GWe-size units for 

electricity generation

ÅThere is worldwide development of reactors that will be available at smaller scale (micro- and 
small modular reactors [SMRs]), with many being advanced, high temperature designs

ÅAmbitious goals have been set for economy-wide decarbonization ïpower grid, industry, and 
transportation

Ą These goals are driving significant activity (and funding) around electrification and
provision of heat and H2ðwithout emissionsðto support energy demands

Ą Dispatchable nuclear energy can be complementary to a grid with high variable 
renewable penetration, while simultaneously producing non-electric energy products

ÅEconomics of advanced and SMRs are yet to be confirmed, but we must provide solid 
information on these paradigm shifting products and systems for industry adoption

51

Advanced nuclear technologies can deliver broader, more flexible 

services than electricity production only. Their high power density 

and dispatchability is a huge asset for decarbonization, especially in 

combination with variable renewable energy sources.
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Future clean energy systems ïtransforming the energy 
paradigm

Variable renewables, 
municipal waste, fossil 

with carbon capture, etc.

Light water reactors, high 
temperature advanced 
reactors, small modular 
reactors, microreactors, 

etc. 

Integrated energy 
systems leverage the 
contributions from 

nuclear fission beyond 
electricity
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