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81% of world installed capacity… but 41% of capacity under construction

33 members 

including two 

“new comers”: 

Poland 

(planning) 

and Turkey 

(building)
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World CO2 emissions from fuel

combustion by sector in 2016

CO2 emissions global, per fuel & per sector
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Electricity Generation by Source (%), 

World (left) and OECD (right)

Nuclear energy is:
• The largest source of low C electricity in OECD countries (17.7% > 13.3% hydro)

• The 2nd largest at world level behind hydro (10.4% < 16.6% hydro)

• In 2018/2019 – nuclear share ~10%

2/3 world electricity still produced from fossil fuel!

Source: 2016 data from IEA Electricity Information (2018)
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Source: IEA, data

Main trends:

• US: coal to gas switch, 

RES

• Japan: nuclear ,

fossil 

• France: fossil , RES 

and > 75% nuclear

• Germany: nuclear ,

RES  (but still a lot of

coal and gas)

Electricity mix and carbon footprint (g CO2 per kWh produced)

Decarbonisation 

policies based on 

promoting variable 

renewables (only) not 

effective?
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CO2 is not the only problem! Air pollution is a greater 

health problem – and a shorter term driver for clean air 

technologies

WHO:

7 million 

deaths/year due 

to air pollution 

(from cooking 

stoves, transport, 

and fossil-fuelled 

power and 

industrial plants
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Policies supporting decarbonisation?

• In many countries, policies are more often directed at achieving 

deployment targets of selected technologies than at GHG reduction 

targets.

• “technological neutrality” of policies in question  effectiveness of current 

policies?

• Very few support mechanisms for 

nuclear (LTO or new build). 

• EU Parliament voted to exclude 

nuclear from “green credits”; EU 

Sustainable Finance taxonomy 

excluding nuclear, …

• US ‘Green New Deal’ & nuclear

• But historically, nuclear has proven to 

be a very effective technology at 

reducing carbon intensity
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Nuclear Reactors: Generations I to IV

Bulk of today’s nuclear fleet

New build (essentially after

Fukushima Daiichi accident)

Nuclear essentially to produce low-carbon electricity. Only a fraction of today’s 450 reactors operate in 

cogeneration mode (essentially district heating) (1% of total nuclear heat used to produce non-el. applications)

SMRs
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Advanced Reactor Technologies: Gen IV

6 designs developed in an international collaborative framework
• “Fast Reactors”:

• Sodium-cooled fast reactor (SFR)

• Lead-cooled fast reactor (LFR)

• Gas-cooled fast reactor (GFR)

• “Thermal Reactors”:
• Super-critical water-cooled reactor (SCWR)

• Very high temperature reactor (VHTR)

• “Thermal/Fast Reactor”:
• Molten Salt Reactor (MSR)

At R&D level today (GIF). Prototypes of some of these technologies planned over the period 2030/2040. 

Commercialisation beyond 2040, alongside further evolutions of LWRs. Earlier deployment of Gen IV SMRs 

possible, especially if addressing specific market needs.

Goals

• Sustainability

• Economics

• Safety and Reliability

• Proliferation Resistance & 

Physical Protection
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Challenges: new build (Gen III/III+)

Source: IEA WEO (2014), NEA analysis
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Nuclear Coal steam Gas CCGT Wind onshore and 

solar PV

Investment cost Very High Moderate Low Moderate - high

Construction time 4-10 years 4-5 years 2-3 years 0.5 – 2 years

Operational cost Low Low-moderate Low-high Very low

Operational 

characteristics

Mid to large scale 

production, baseload, 

limited flexibility

Baseload, moderate 

flexibility

Mid-load, high flexibility Variable output, low load 

factor, seasonality (solar 

PV)

CO2 emissions Negligible High- very high Moderate Negligible

Key risks Regulatory (policy 

changes), public 

acceptance, market

Regulatory (CO2 and 

pollution*), public 

acceptance, market

Regulatory (CO2), market Regulatory (policy 

changes)

Other features Low sensitivity to fuel 

prices (stable production 

costs), contributes to 

security of energy supply 

Sensitivity to fuel prices Very high sensitivity to 

fuel prices, security of 

energy supply issues

Integration costs, need 

for back-up in absence of 

sufficient storage

* Around 18 000 people die each day as a result of air pollution from fossil fuel combustion (heating, transport, power) ( (IEA, 2016)
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Enhance security of energy supply

Improve energy (fuel) efficiencies & economics

Reduce CO2 emissions and air pollution

Minimize heat losses (2/3 heat wasted in current 

nuclear steam cycles)

(non-nuclear) CHP since long applied in 

many industrial sectors

Why nuclear cogeneration?

Potential in 4 areas: (i) desalination (ii) district 

heating in residential/commercial areas (iii) industrial 

process heat (iv) fuel synthesis (e.g. Hydrogen)
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A growing interest in non-electric 

applications of nuclear energy

From Martin LEURENT’s 

PhD at CEA (2018)
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Also discussed recently in IFNEC 

conference, Tokyo, Nov 2018!

https://www.ifnec.org/ifnec/jcms/g_11187/ifnec-nice-future-initiative-conference

https://www.ifnec.org/ifnec/jcms/g_11187/ifnec-nice-future-initiative-conference
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District Heating
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From NEA study to be published (2020)
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Process Heat (chemical, oil, bio-refineries, H2)
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From NEA study to be published (2020)
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Desalination
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From NEA study to be published (2020)
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Application Level of maturity Possible new projects & 

recent activity

Challenges

District 

Heating

Demonstrated at industrial 

scale & currently operating 

(Russia, Switzerland, …)

Option for future new build in 

Finland or Poland, feasibility

studies in France for coupling 

existing NPPs to DH systems

Differences between 

electricity & heat markets. 

Economic assessment.

Desalination Tested at industrial scale in 

the past (BN-350)

Small small scale 

applications in NPPs to 

supply fresh water to plant

Huge needs in the future 

(projects in the MENA region: 

Egypt, Jordan, Saudi Arabia)

Complexity and scale of 

investments in water 

infrastructures.

Public acceptance?

Long term?

High 

temperature 

process heat

Demonstrated at industrial 

scale for low temp. steam

applications.

R&D HTR and cogeneration

NHDD project in Korea “clean 

steel”, NGNP Alliance & EU’s 

NC2I/GEMINI+ collaboration, 

Poland HTR Programme

Business model (nuclear 

operator  industrial 

application operator)

Licensing, safety, public 

acceptance, Long term

Hydrogen 

production

Demonstrated at lab scale for 

thermochemical cycles 

(HTTR) and HTE

HTTR in Japan, on-going R&D 

(Gen IV), NEA reports on 

nuclear H2 production (2000-

2009)

Hydrogen economy?

Competition with electric 

mobility?

Role in energy storage

Nuclear hybrid

energy system

R&D on low carbon energy 

systems involving nuclear & 

variable renewables

Assessment of services 

provided by nuclear (electricity, 

storage, heat)

Economic assessment

Long term prospects

17
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IEA/NEA Nuclear Technology Roadmap on 

nuclear cogeneration
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NEA’s Nuclear Innovation 2050 “HTR cogeneration”

Towards a Joint Project to accelerate the 

demonstration of the coupling of an HTR 

and a non-electric application?

See presentation from Prof. Wrochna in this 

workshop
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Flexibility, a key asset for tomorrow’s nuclear 

energy systems

From A. Sowder (EPRI), NEA workshop Advanced Reactors and Future Energy Market Needs (ARFEM), 4 Sept 2019,

https://www.oecd-nea.org/download/nssnexus/WorkshopARFEM4September2019.html

https://www.oecd-nea.org/download/nssnexus/WorkshopARFEM4September2019.html
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Nuclear Innovation Clean Energy Future - NICE Future

Photos courtesy of Third Way
https://www.nice-future.org

https://www.nice-future.org/


© 2019 Organisation for Economic Co-operation and Development© 2019 Organisation for Economic Co-operation and Development 22

SAFETY

ECONOMICS

PUBLIC

ACCEPTANCE

SUSTAINABILITY

Key factors for nuclear cogeneration success


