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Nuclear Reactors: Generations I to IV 

Bulk of today’s nuclear fleet 

New build (essentially after 

Fukushima Daiichi accident) 

Small 

Modular 

Reactors 
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What is role of nuclear power in the future energy scenario ? 
Some market trends…. 

• The future electricity generation system might be: 

 More decarbonised 

 More decentralised (less base-load capacity) 

 More “liberalised” 
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• Large scale power production, stable 

production costs 

• Can be deployed quickly (eg. France in the 

70s-90s, Sweden (70s-80s) 

• “competitive” (Existing nuclear but new 

build?) against many other generation 

technologies – fossil (with C tax) / 

renewables (but the costs of these have 

decreased significantly over past years) 

• Security of supply 

 
• Decarbonisation – nuclear as one of the key 

low C generation technologies – will COP21 

and the Paris Treaty lead to policies 

favouring nuclear? 

• For low C electricity 

• For low C heat? 

What is role of nuclear power in the future energy scenario? 
Nuclear technology strengths… 
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• IEA’s 2C Scenario (2DS) projects current nuclear capacity of 390 GW to more 

than double by 2050 to reach over 900 GW (gross capacity) 

• Share of nuclear electricity would increase from 11% to 17% (16% in ETP2016) 

• China would see the largest increase in installed capacity and would be the 

largest nuclear power producer. 

• Assumptions on LTO: 60 years in US / 55 years elsewhere. 

Source: IEA/NEA Nuclear Technology Roadmap Update (2015),  
IEA (2016) 

2C Scenario – Role of Nuclear 
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In the modelling, no 

detailed assumption on 

technology 
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In order to reach the 2°C scenario, the rise of nuclear would need to accompanied by 

a complete phase-out of coal and oil, a drastic decrease of gas, the deployment of 

CCS and a massive increase  of renewable energies.  
Note that at COP21, parties have agreed to limit global warming to well below 2°C 

Source: IEA, ETP2016 
IEA/Energy Technology Perspectives 2017 to be released June 2017 

Future low carbon electricity systems? 

67% renewables incl. 30% wind/solar 

16% nuclear 
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Nuclear (and other “baseload” 

generators) will need to co-exist 

with large shares of variable 

renewables. Flexibility and 

stability on the generator side? Or 

the system side? 
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Future low carbon heat systems? 
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Future decentralised electricity generation system? 

Source: IEA, Energy & Digitalization 2017 

• Falling costs of digital devices and RES are accelerating decentralisation of 

the electricity production system 
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Future liberalised electricity market? 

Source: IEA, World Energy Investment 2017  
Source: Capgemini, World Energy Market Observatory 2017 
 

• Most modern economies have 

abandoned the vertically integrated 

model and progressively introduced 

wholesale market pricing 

• New markets reforms in China, Mexico, 

Japan and South Korea 

• Under these conditions technologies 

with high upfront fixed costs like nuclear 

may suffer 

• Renewables are becoming more and 

more competitive and attract more 

investment 

• Final investment decisions for nuclear in 

2017 occurred at regulated tariff and by 

state-owned companies 
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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) 

The future energy market 

needs and these 

challenges can be better 

addressed by advanced 

reactor technologies – in 

particular SMRs? 

 
- Shorter construction times 

- Lower investment costs 

- Increased learning rates 

- Higher flexibility 

- Reduced EPZ (emergency 

planning zone) 
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2011 2015 2016 
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SMR features (1/2) 
 

Economics and real prospects for SMRs are not yet proven… vendors promote 

SMRs with the following arguments: 

- Enhanced safety due to lower total power/core and passive safety systems (also reduced 

EPZ) 

- Simplified « system », structures and components, and in-factory modules fabrication (… is 

supply chain ready? Licensing issues?) 

- Smaller upfront overnight capital investment  and financing costs (… total vs per kW? Can 

increasing learning rates balance diseconomies of scale?) 

- Economy of scale for multi-units sites (ia. human resources, operation/maintenance and 

optimization of outages) 

- Increased flexibility (ia. multi-units) in case of high penetration of  RES  (a low carbon 

solution to replace coal plants in a long term energy mix?)  

- Suitable for smaller grids or remote locations (descentralised energy system) 

- High potential for non-electric uses and cogeneration (eg. Desalination, hydrogen 

production, process heat for industry, etc…) 

 12 
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SMR features (2/2) 
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Source: OECD-NEA,  Small modular reactors: Nuclear Energy market 
potential for near-term development (2016) 
Source:  Policy Exchange, Small Modular Reactor: The next big thing in 
energy (2018) 
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Small Modular Reactors, 
more than a niche market? 

Source: IEA/NEA Nuclear Technology Roadmap (2015) 

eVinci Westinghouse micro-reactor  

http://www.westinghousenuclear.com/New-Plants/eVinci-Micro-Reactor
http://www.westinghousenuclear.com/New-Plants/eVinci-Micro-Reactor
http://www.westinghousenuclear.com/New-Plants/eVinci-Micro-Reactor
http://www.westinghousenuclear.com/New-Plants/eVinci-Micro-Reactor
http://www.westinghousenuclear.com/New-Plants/eVinci-Micro-Reactor
http://www.westinghousenuclear.com/New-Plants/eVinci-Micro-Reactor
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Some ongoing developments… (1/3)  

CAREM (Argentina, 25MWe): under 

construction, commercial operation > 2019 

ACPR50s (China/CGN, 60MWe): under 

construction, commercial operation > 2020 

KLT40s (Russia/OKBM, 2x35 MWe): under 

construction, commercial operation > 2019 

ACP100 “Linglong One” (China/CNNC, 

100MWe): under development 

15 
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Some ongoing developments… (2/3)  

SMART (Korea/KAERI): under development,  

MoU with Saudi Arabia – desalination, 

deployment > 2024  

HTR-PM (China/CNEC – 2 units/210 MWe): 

under construction, operation > 2017 

NuScale (US, 50MWe 

– up to 12 modules) 

March 2017: Design 

Certification Application 

accepted by NRC. First 

foreseen project at INL, 

operation > 2027 
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Some ongoing developments… (3/3)  

Canada 

UK 

France? 
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SMRs for nuclear heat?  

• Some countries are assessing SMRs potential for decarbonized district 

heating (also important to reduce air pollution) 
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SMRs for newcomer countries? 

• Several “newcomer” countries are expressing interest in SMR technology: 

• Indonesia – interest for High Temperature Reactors  

• Saudi Arabia – interest in desalination applications (SMART) and 

Chinese-design HTRs 

• Jordan – interest in HTR (X-Energy) and LWR-based SMRs (Rolls 

Royce), as well as with Rosatom-designed SMRs. 

• Poland, HTR roadmap … 

• Could SMRs help the introduction of nuclear energy, a first step 

towards the deployment of large LWRs ? 
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• Meeting 2DS targets will demand massive structural change in the electricity sector. 

Nuclear, hydro and renewables main sources of low C electricity gen. by 2050. Due to the 

intermittency of variable renewables, flexibility and stability will be needed (generation, 

system) and nuclear power is the only low-carbon dispatchable technology ready to be 

deployed massively to meet these concerns. 

• Challenges for new nuclear build: 

• Competitiveness in electricity market, public acceptance, policy stability 

• Nuclear is also a low carbon source of heat  potential to displace fossil-based processes 

in the heat market too (desalination, district heating, process heat, H2)   

• SMR can potentially play an important role in future energy markets: 

• Public acceptance (enhanced safety)  

• Electricity & heat (cogeneration) – flexibility, new market opportunities 

• Improved financing and competitiveness – need a high build rates to get economics right 

• Facilitate the introduction of nuclear energy in newcomer countries 

To be noted, the US, Canada and Japan will launch at the May 2018 Clean Energy Ministerial, a “nuclear 

initiative” (Nuclear Innovation: Clean Energy Future – NICE Future) – which include the assessment of advanced 

reactor technologies (such as SMRs) as enablers of integration of nuclear & renewables (flexibility, non-electric 

applications) 

Some takeaway points 
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Appendix: Long term optimal mix 
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Source: IEA, Projecting costs of generating electricity 2015 
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Appendix: Residual load curve analysis 
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Source: IEA, Projecting costs of generating electricity 2015 


