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Nuclear power today 1/2

Nuclear generation hit record level in 

2019: second highest after all-time 

high 2006, and share of 10.4%
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2020: year of COVID19 pandemic. 

Electricity systems dominated by low 

C technologies,  “postcard from the 

future”: Nuclear has proven resilient

https://www.iaea.org/newscenter/news/covid-19-and-low-carbon-electricity-lessons-for-the-future


Nuclear power today 2/2

2020: progress in several newcomer countries, UAE and Belarus have 

connected their first NPP units

Construction progressing in Turkey and in Bangladesh.
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▪ Energy, Electricity and Nuclear Power 

Estimates for the Period Up to 2050

Nuclear power tomorrow – projections to 2050

Released Sept. 2020

• Electricity consumption expected to 

double

• Share of electricity in energy 

consumption increases by 8 pts

• High case: installed capacity increases by 

80%, nuclear share of electricity generation 

11%

• Low case: decrease by 7%, nuclear share ~6% 4



▪ Most scenario studies 
project nuclear capacity 
increases

▪ IPCC: four illustrative 
pathways in 2018 1.5°C 
report

▪ IAEA: low and high 
projections (2020 edition)

▪ High projection means that 
500 GW are to be added in 
30 years time

IAEA (2020) projections vs. IPCC 1.5 deg pathways 
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IEA Roadmap to NZ (released 18 May 2021)

• Very ambitious – heavily constrained scenario (net zero)

• More renewables, more H2, more energy-related CO2 emissions removal than 

any IPCC scenario
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IEA Roadmap to NZ: role of nuclear 

• Very little fossil in the mix →

roadmap is massive deployment of 

renewables + doubling of nuclear 

generation by 2050

• High level of electrification 

(demand x 2.5)

• Nuclear generation (x 2) – share 

in electricity mix 10% to 8%

• Share of nuclear in heat 4%

• Comparison with last year’s IAEA 

projections (new IAEA projections 

under preparation) →
7



Innovations and critical materials challenges

• Nearly half of the emissions reductions to 2050 

come from technologies that are not yet 

commercialized → need to accelerate 

demonstration → market

• This is particularly true for the “hard to abate 

sectors”, those that cannot be electrified 

(industry- steel, cement, heavy duty transport, …)

• For nuclear: SMRs and advanced reactors
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• Nuclear energy is one of the low-C technologies 

with the lowest (critical) mineral intensity

• Massive deployment of renewables, batteries 

and other technologies will require addressing 

potential bottlenecks in critical material supplies



Towards net-zero emissions

▪ Decarbonising the power sector will 
not be sufficient. 

▪ Need to decarbonize other sectors, 
representing 60% of emissions 
today:

▪ Electrification whenever possible (so 
increased demand for clean electricity)

▪ Need low C heat sources 

▪ Need low C fuels, including hydrogen, 
produced from clean electricity 
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▪ Most trajectories to net zero require massive amounts of low-
carbon electricity

▪ But there is also a need for lots of low carbon heat and low 
carbon fuels – and the technologies to produce them.

▪ Nuclear energy is also a source of low carbon heat, and can 
also be used to produce low carbon fuels such as hydrogen
▪ Up to now, virtually untapped potential

▪ An opportunity for the nuclear energy sector?
▪ Advanced reactors, SMRs, non-power applications

▪ But requires a “level playing field” in terms of policies, support to 
innovation, and financing – as well as clear market signals to favour 
low C

▪ Technology Readiness and Economics will be key

Nuclear beyond electricity? 
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District Heating and Process Heat
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- District Heating: decades of experience, 

in Russia, Hungary, Switzerland, etc

- In June 2020, the new Floating Nuclear 

Power Plant Akademic Lomonosov, 

powered by two SMR units, provided 1st

heat to Pevesk district (1st grid connection 

in Dec 2019) 

- In November 2020, Haiyang NPP 

(AP1000) started delivering commercial DH
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- Process Heat: can be 

delivered by High 

Temperature Reactors

- Interest of Poland to 

replace coal-fired boilers

- In the past, projects were 

developed in US, Korea, 

etc, including for “clean 

steel” production PL Gov source

https://www.gov.pl/documents/33372/436746/DEJ+HTR_Report_English+Version.pdf/84e68ba5-bf58-abb7-1242-441e0a7ca2f2


Nuclear production of hydrogen

- Decades of research on nuclear production of hydrogen, 
using (low temperature) electrolysis, High Temperature 
Steam Electrolysis or Thermo-chemical cycles

- Near term needs:
- Low Carbon hydrogen can be produced by low-carbon electricity 

(renewables AND nuclear)

- Electricity from nuclear LTO is “the cheapest source of low C power” 
(IEA/NEA Projected Costs of Electricity Generation, Dec. 2020) + 
Nuclear higher capacity factors than renewables

- Mid-term needs:
- High temperature Steam Electrolysis or thermal-splitting may offer 

higher efficiencies / cost effectiveness – to be combined with 
advanced reactors

- LCOE new nuclear likely higher than LCOE of wind/solar

- Demonstration projects and proposals are being considered 
in several countries

- IAEA developing a publication on “business opportunities” 
for nuclear production of hydrogen from existing reactors
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Integrated Energy Systems (Hybrid Energy Systems)

• How to design low carbon energy systems using all 
possible low carbon technologies:
- Renewables

- Nuclear

- Fossil with CCS

• Coupling of the power sector with the non-power 
sectors through 3 low carbon energy vectors:
- Electricity

- Heat

- Hydrogen

• Economics of such systems requires sophisticated 
modelling approaches, able to inform on interactions 
between generation technologies, grid, energy storage 
and demand:
- Optimize in terms of CO2 emissions and overall 

costs 

- The value (economics) of a given technology 
depends on what is present in the system
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Coupling via Electricity, Heat and and Hydrogen

NPPs: large Gen III reactors + Advanced reactors (incl. SMRs)

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

Advanced 

Reactors



Economic benefits of nuclear power programmes

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

We find that investing on 

clean energy, like solar, wind 

or nuclear ends up producing 

more GDP than it initially 

demands… Among green 

energy multipliers, nuclear 

displays the strongest 

multipliers by far, especially in 

the first years

IAEA Macroeconomic 

model EMPOWER

- Jobs

- Economic Growth



Nuclear Innovation and Benefits

• IAEA Scientific Forum 2020: 

Nuclear Power and the Clean 

Energy Transition

• CEM Nuclear Innovation 

Clean Energy (NICE) Future: 

Pathways to net zero using 

nuclear innovation (2021)

• Global Forum for Nuclear 

Innovation (2019, 2022)
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- Optimization of maintenance

- Improve economics Long Term Operation

- Digital Twins for Nuclear Reactors

- Increase cost-competitiveness, quality and safety 

across the supply chain

- Applicable to existing reactors, but also new builds 

(and to large engineering construction projections)
(also developed in other sectors, and now applied to nuclear)

Digital and manufacturing innovations

(from 2019 Global Forum for Nuclear Innovation) 
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CEM12 – Nuclear Innovation Clean Energy (NICE) 

Future event

https://cem12mi6chile.com/conference/cem-12-net-zero-emissions-pathways-with-nuclear-innovation/

https://cem12mi6chile.com/conference/cem-12-net-zero-emissions-pathways-with-nuclear-innovation/
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Nuclear technology for sustainable development (non-energy 
applications) – health, well-being, economic benefits

https://www.iaea.org/sites/default/files/publications/magazines/bulletin/bull/bull573_sept2016.pdf

https://www.iaea.org/services/key-programmes/zoonotic-disease-integrated-action-zodiac

Zoonotic Disease Integrated Action 

(ZODIAC) initiative, established in 

June 2020 to help countries prevent 

pandemics caused by bacteria, 

parasites, fungi or viruses that originate 

in animals and can be transmitted to 

humans
Health, Medicine, Food and 

Agriculture, Water management

https://www.iaea.org/sites/default/files/publications/magazines/bulletin/bull/bull573_sept2016.pdf
https://www.iaea.org/services/key-programmes/zoonotic-disease-integrated-action-zodiac


Take-aways

- Meeting the objectives of the Paris Agreement requires huge efforts, massive 
decarbonization is necessary

- Increasing number of countries committing to “net zero” objectives by 2050 (or 
later)

- IEA recently proposed a “path” to net zero – massive amounts of renewables, but 
also nuclear, and hydrogen

- Nuclear has a key role to play, complementing renewables – for electricity system 
decarbonization

- Contribution of nuclear to decarbonize the hard to abate sectors (heat, hydrogen) 
could be even more important, provided governments and industry accelerate 
innovation in advanced reactors incl. Small Modular Reactors

- Clear benefits of investments in nuclear programmes (jobs, economic growth) –
but also science, innovation – and broadly, sustainable development.
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