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Preface 

The continuing increase in global greenhouse gas emissions and the likelihood that targets to limit the 

temperature increase to 1.5o above the level seen at the start of the industrial revolution will be missed 

has resulted in a growing focus on the development of all forms of carbon-free energy. Solar and wind 

power have been the main beneficiaries in the power sector, but it is becoming clear that if climate goals 

are to be met by 2050 then other forms of low or zero emission electricity generation must be prioritised. 

This has led to something of a renaissance for the nuclear industry, the development of which has been 

rather stagnant since the Fukushima disaster in Japan in 2011. 

In this OIES paper, Anna Davidson, a Saudi Aramco fellow at the Institute and a doctoral student at St 

Antony’s College Oxford, explores the key motivations for the development of nuclear energy in the 

current global energy economy. She naturally considers climate change as a key driver, but also 

discusses energy security and foreign relationships as other important motivating forces. She also 

outlines the different drivers for countries exporting nuclear technology and those importing it to 

generate domestic electricity, and provides important detail on the current reactors under construction, 

the providers of key technologies and the methodologies which various exporters use to gain a 

competitive position in the nuclear market place.  

The paper provides a wealth of data about the current state of the nuclear industry and the potential for 

its growth over the next ten to twenty years, while also considering important questions about the geo-

political dimensions which underpin the relationships between the exporters and importers of nuclear 

technology and the ties, such as financing and provision of services in the nuclear energy value chain, 

which bind them over multiple decades. We hope that it will prove useful to all those interested in the 

role of nuclear power in the energy transition and the political and economic implications of the further 

development of this important source of low carbon electricity. 

 

James Henderson 

Director, Energy Transition Initiative 

Oxford Institute for Energy Studies 
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1. Introduction 

At present, countries are in the process of re-evaluating and adapting their energy systems to meet 

various demands on multiple fronts. The global energy transition is occuring in the context of 

international efforts to achieve net zero CO2 emissions by mid-century. Thus any examination of the 

use of nuclear energy for electricity production as part of the global energy transition must take into 

account both the motivations related to climate targets as well as possible additional or alternative 

motivations that drive states’ decisions to adopt and advance their civil nuclear technology. Figure 1 

below shows how the global energy mix for electricity generation by fuel type has changed over the last 

50 years. The shares of coal and oil have declined in the past 15 years whilst natural gas has 

experienced a steady increase in use and renewables have sharply increased. Nuclear energy, 

although experiencing a dip in use after the 2011 Fukushima disaster, has remained relatively steady 

at about 10% of the global energy mix with about four hundred and forty nuclear reactors operating 

today. A snapshot of the last 10 years is provided in Figure 2. The nuclear share of the generation mix 

has remained fairly steady since 2010, with the dip early on marking decommissioned reactors going 

offline and not being replaced. Although a good many nuclear power plant construction projects have 

started in the past 10 years, they will only be reflected in the figures once the reactors are online (which 

can take about 10 years after initial planning and construction begins).  

Figure 1: World electricity generation mix by fuel, 1971-20191 

 
 

 

 

 

 

 

                                                      

 
1 IEA, World electricity generation mix by fuel, 1971-2019, IEA, Paris https://www.iea.org/data-and-statistics/charts/world-

electricity-generation-mix-by-fuel-1971-2019 
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Figure 2: Global electricity generation mix, 2010-20202 

 
 

The current energy transition, with its emphasis on renewable and sustainable energy sources, is 

considered the fourth since the Industrial Revolution. 3  The first transition, during the Industrial 

Revolution, was from wood, wind, and water to coal; the second to rising use of oil; and the third to 

rising use of natural gas, hydropower, and nuclear power. Nuclear power experienced a sharp decline 

in public confidence and usage in some countries following the ‘industry wide disruption caused by the 

Three Mile Island accident in 1979’, the ‘increase in costs and a steady increase in construction 

duration’ after the 1986 Chernobyl accident, and the demand for ‘greater transparency’ by nuclear 

programmes after the 2011 Fukushima disaster.4 However, nuclear energy has now been reinstalled at 

the centre of the debate as a sustainable energy source, especially in the electricity generation sector, 

given its low emissions levels.5  

This paper explores the key motivations for the development of nuclear energy in the current global 

energy economy. It considers climate change as a key driver, but also discusses energy security and 

foreign relationships as other important motivating forces. The paper also outlines the different drivers 

for countries exporting nuclear technology and those importing it to generate domestic electricity, and 

provides important detail on the current reactors under construction, the providers of key technologies 

and the methodologies which various exporters use to gain a competitive position in the nuclear market 

place. 

                                                      

 
2 IEA, Global electricity generation mix, 2010-2020, IEA, Paris. https://www.iea.org/data-and-statistics/charts/global-electricity-

generation-mix-2010-2020 
3 Rudy Swennen, China’s Energy Revolution in the Context of the Global Energy Transition, ed. Shell International B.V and The 

Development Research Center (DRC) of the State Council of the People’s Republic of China (Cham: Springer International AG, 

2020). 
4 Jessica R. Lovering, Arthur Yip, and Ted Nordhaus, “Historical Construction Costs of Global Nuclear Power Reactors,” Energy 

Policy 91 (2016): 371–82, https://doi.org/10.1016/j.enpol.2016.01.011; Nicolas Boccard, “The Cost of Nuclear Electricity: 

France after Fukushima,” Energy Policy 66 (2014): 450–61, https://doi.org/10.1016/j.enpol.2013.11.037. 
5 IEA, “World Energy Outlook 2020” (Paris, 2020); Li Chen Sim and Robin Mills, Low Carbon Energy in the Middle East and 

North Africa: Panacea or Placebo?, International Political Economy Series, 2021, https://doi.org/10.1007/978-3-030-59554-8_1. 
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2. Motivations for nuclear energy today    

It is important to distinguish between the motivations of countries transitioning to nuclear for climate 

reasons and those transitioning or adopting nuclear for other reasons. The focus here is on countries 

transitioning or constructing nuclear power plants (or NPPs) and on countries which are interested in 

adopting nuclear energy for the first time but have not yet begun the construction process. Figure 3 

below provides a snapshot of current reactor construction worldwide.  

Figure 3: A global look at current reactor construction in 20226 

 
 

The primary trends in motivations for nuclear energy are related to climate change, energy security, 

and foreign relationships. Climate change motivations are consistently to achieve lower carbon 

emissions or reach a net zero target by a given deadline. Energy security motivations are less consistent 

but include caution towards depending on imports from a foreign energy provider, depending on fossil 

fuels, and the desire to be in control of the electricity supply. Motivations related to foreign relationships 

include using the electricity generated from nuclear energy for financial export gains, gaining influence 

over clients, and gaining international prestige through technological advancement. Tables 1 and 2 

summarise motivations for importing countries and those using their own technology.  

Table 1: Motivations for nuclear energy in countries with imported reactors currently under 

construction7  

 Climate 

Change  

Energy 

Security  

Foreign 

Relationship  

Export Influence Prestige 

Slovakia x x x x   

Bangladesh   x   x 

Belarus  x x x  x 

China x x x x x x 

Finland x x     

                                                      

 
6 Compiled by the author using the data in this report and software from mapchart.net; IAEA, “Under Construction Reactors.” 
7 This table is compiled by the author. Imported here is defined by the origin of the reactor design. The data can be found in the 

appendix. 
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India x      

Iran x x x x   

Pakistan x x x   x 

Turkey  x x   x 

Ukraine  x x x  x 

United Arab 

Emirates 

x x     

United 

Kingdom 

x x     

 

Table 2:  Motivations for nuclear energy in countries with domestic-design reactors currently 

under construction8 

 Climate 

Change 

Energy 

Security 

Foreign 

Relationships 

Export Influence Prestige 

Argentina   x x  x 

China x x x x x x 

France x x x x   

India x x x   x 

Russia x x x x x x 

South Korea x x x x   

USA x x x x  x 

 

Table 3 summarises which reactors have been sold to whom. Asterisks in the table indicate first-time 

nuclear energy countries (i.e., those who are adopting nuclear energy into their energy mix for the first 

time). Unless indicated, vendors are owned domestically either by the state or private enterprise. Of the 

fifty-five reactors currently under construction, twenty-four are being constructed by a foreign supplier 

(including Russia, China, South Korea, France, and Germany). 

Table 3: Nuclear reactors currently under construction worldwide (2022) 

Client  Quantity of 

Reactors Under 

Construction 

Vendor Total Reactors 

Currently in 

Operation in the 

Country 

Argentina 1 Nucleoeléctrica Argentina SA 

(NA-SA) 

3 

Slovakia 2 Rosatom (Russia) 4 

Bangladesh* 2 Rosatom (Russia) 0 

Belarus* 1 Rosatom (Russia) 1 

China 2 

7 

7 

2 

Rosatom (Russia) 

CGN  

CNNC 

SPIC Huaneng  

 

54 

Finland 1 TVO (Finland) with Areva 

(France) Siemens (Germany) 

5 

France 1 EDF  56 

India 1 (FBR prototype) 

3 

BHAVINI  23 

                                                      

 
8 This table is compiled by the author. Exported here is defined by the origin of the reactor design. The data can be found in the 

appendix 
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4 Nuclear Power Corporation of 

India 

Rosatom (Russia)  

Iran 1 Rosatom (Russia) 1 

Pakistan 1 CNNC (China) 5 

Russia 3 Rosatom 37 

South Korea 4 KEPCO 24 

Turkey* 4 Rosatom (Russia) 0 

Ukraine 2 Rosatom (Russia) 15 

United Arab 

Emirates* 

2 KEPCO (Korea) with ENEC 

(UAE) 

2 

United 

Kingdom 

2 EDF (France) 11 

USA 2 Westinghouse  92 

 

2.1 Climate change 

Electricity generation is considered the primary target of efforts to curb climate change because 

emissions from burning fossil fuels for electricity account for roughly 40% of total global emissions and 

they are the ‘fastest growing source of CO2 emissions over recent decades.’9 Systemic changes in the 

levels of CO2 and greenhouse gases in the earth’s atmosphere represent one of the foremost 

challenges for the international community. The Paris Agreement saw nearly all of the world 

governments agree to combine efforts in limiting the increase in global temperature to two degrees 

centigrade. Accountability and progress towards this goal is reviewed and renewed each year at the 

UN Conference of the Parties (COP) in order ‘to build real impetus, real change towards getting the 

world on track to achieve that headline target,’ according to one of the UK’s former COP26 Regional 

Ambassadors, Sir Laurie Bristow.10 The universality of a changing climate presents an opportunity for 

potential cooperation between states whose interests and needs would otherwise rarely cross paths.  

One of these opportunities has arisen in the acquisition and development of nuclear energy.  

Nuclear energy is a core component in the international response to climate change and is regarded by 

nearly all countries considered in this report as a means of addressing climate-related challenges. 66% 

of the countries currently constructing reactors for nuclear energy express a motivation to address 

climate change by either adopting or expanding their nuclear energy capabilities.11 These include the 

United Kingdom, the UAE, Pakistan, Iran, India, Finland, China, South Korea, and Slovakia.  

In Europe, the replacement of coal as an electricity generation source is considered inevitable, although 

which source is most likely to replace coal is contested. Nuclear energy and renewable energy both 

play a role in modelling scenarios in an EU-wide coal phase-out policy.12 Given the substantial degree 

of nuclear energy in its energy mix France is well positioned to replace a certain degree of nuclear 

energy with renewables and is among the first in the world to have reached this step in the global energy 

transition. Most states answer the question of how to replace oil with the environmentally friendlier 

option of natural gas, or how to replace all fossil fuels with either nuclear energy or renewables. France, 

however, starts ‘from a lower base point relative to other economies who are more reliant on fossil fuel-

                                                      

 
9 Organisation for Economic Co-operation Development, Nuclear Energy Today, Second (Paris: OECD Publishing, 2013), 

https://ezproxy-prd.bodleian.ox.ac.uk:3355/nuclear-energy/nuclear-energy-today_9789264179233-en. 
10 Anna J. Davidson, “The UC Interview Series: Sir Laurie Bristow,” The University Consortium, 2020, 

https://uc.web.ox.ac.uk/article/the-uc-interview-series-sir-laurie-bristow. 
11 See the Tables 1 and 2  
12 Dogan Keles and Hasan Ümitcan Yilmaz, “Decarbonisation through Coal Phase-out in Germany and Europe — Impact on 

Emissions, Electricity Prices and Power Production,” Energy Policy 141, no. February (2020): 111472, 

https://doi.org/10.1016/j.enpol.2020.111472. 
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based generation’ and in recent years has been looking to reduce the nuclear share of its energy mix, 

from 75% to 50% by 2035 by allowing ageing reactors to be decommissioned and increasing 

renewables.13 However, since early 2022, French leadership has expressed a reversal in this policy by 

declaring a ‘renaissance’ in nuclear energy and a programme to construct up to 14 new reactors by 

2050.14 

Nuclear is an obvious choice for meeting clean energy goals as any emissions that do result from 

nuclear energy for electricity generation are related largely to the acquisition of materials (mainly 

concrete and steel production) for plant construction and to the mining and enrichment of uranium. The 

IEA’s scenario on ‘Net Zero by 2050’ claims that ‘[h]ydropower and nuclear, the two largest sources of 

low‐carbon electricity today, provide an essential foundation for transitions.’15 Nuclear energy is the 

‘second-largest source of low emissions electricity’ next to hydropower.16 Nuclear energy supports other 

renewable energy sources by acting as a steppingstone between the shift away from fossil fuels and 

the time when other renewables such as wind, solar, and hydroelectric are more widely accessible and 

viable.17 Some IEA scenarios for 2050 predict that almost 70% of electricity generation will  come from 

renewable sources, and most of the remainder from nuclear.18 

The primary factor under consideration in adopting new energy sources or expanding current energy 

sources is the life cycle emissions of CO2 and carbon intensity. Carbon intensity19 is determined by 

measuring the number of CO2 grams emitted in the generation of one unit of electricity per kilowatt hour. 

The higher the ratio, the more carbon intensive the electricity source. Carbon intensity is defined by the 

OECD as ‘the product of the inverse of fuel efficiency and…the input weighted emission factor.’20 The 

rate of carbon intensity for nuclear is a minimum of 15-50 gCO2/KWh, resulting from indirect emissions 

in the construction and operation stage as shown in Figure 4.21 Recent studies comparing the carbon 

intensity of electricity sources estimate that ‘the energy cost of constructing and operating power plants 

will, in 2050, be equivalent to 3–8% of electricity output for nuclear, wind and solar power, and more 

than 13% for other low-carbon technologies.’22 Together, wind, solar, and nuclear are the only energy 

sources whose greenhouse gas emissions occur only in the construction and operation stages of their 

life cycles.23 This is shown in Figure 4 as indirect emissions.  

 

 

 

 

 

                                                      

 
13 News Wires, “Macron Says Nuclear Will Remain Key Energy Source for France,” Reuters, August 12, 2020, 

https://www.france24.com/en/europe/20201208-macron-says-nuclear-will-remain-key-energy-source-for-france. 
14 Angelique Chrisafis, “France to Build up to 14 New Nuclear Reactors by 2050, Says Macron,” The Guardian, February 10, 

2022, https://www.theguardian.com/world/2022/feb/10/france-to-build-up-to-14-new-nuclear-reactors-by-2050-says-macron. 
15 IEA, “Net Zero by 2050: A Roadmap for the Global Energy Sector,” 2021, www.iea.org/t&c/. 
16 IEA, “World Energy Outlook 2020.” 
17 Ibid. 
18 IEA, “Net Zero by 2050: A Roadmap for the Global Energy Sector.” 
19 Also referred to as the ‘energy cost’ and ‘carbon footprint’ in other reports. 
20 OECD, Energy and Climate Policy: Bending the Technological Trajectory., OECD Studies on Environmental Innovation 

(Paris: OECD Publishing, 2012), https://ezproxy-prd.bodleian.ox.ac.uk:2102/10.1787/9789264174573-en. 
21 Michaja Pehl et al., “Understanding Future Emissions from Low-Carbon Power Systems by Integration of Life-Cycle 

Assessment and Integrated Energy Modelling,” Nature Energy 2, no. 12 (2017): 939–45, https://doi.org/10.1038/s41560-017-

0032-9; Grantham Research Institute on climate change and the environment, “What Is the Role of Nuclear Power in the 

Energy Mix and in Reducing Greenhouse Gas Emissions?,” The London School of Economics and Political Science, January 

26, 2018, https://www.lse.ac.uk/granthaminstitute/explainers/role-nuclear-power-energy-mix-reducing-greenhouse-gas-

emissions/. 
22 Pehl et al., “Understanding Future Emissions from Low-Carbon Power Systems by Integration of Life-Cycle Assessment and 

Integrated Energy Modelling.” 
23 Ibid. 
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Figure 4: Direct and indirect greenhouse gas emissions from various electricity generation 

systems  

 
Source: Organisation for Economic Co-operation Development, 2013 

 

Nuclear energy’s greenhouse gas emissions derive from the energy sources used in construction and 

uranium enrichment. Although hydro and biomass do not directly emit greenhouse gases, their life cycle 

emissions are considered substantial compared to solar, wind, and nuclear power.24 Compared to the 

average twenty to twenty-five year lifespan of renewables such as wind and solar, nuclear energy is a 

much longer term option as a single reactor typically operates for sixty years or up to 80 years after 

lifetime extensionss.25 Lifetime extensions for nuclear are ‘generally cost competitive with other sources 

of low emissions electricity, including wind and solar PV.’26  

                                                      

 
24 Ibid. 
25 Sim and Mills, Low Carbon Energy in the Middle East and North Africa: Panacea or Placebo?; ROSATOM Overseas, “The 

VVER Today: Evolution, Design, Safety,” VVER Brochure, n.d., 

http://www.rosatom.ru/en/resources/b6724a80447c36958cfface920d36ab1/brochure_the_vver_today.pdf; OECD Nuclear 

Energy Agency, “Uranium 2020: Resources, Production and Demand,” A Joint Report by the Nuclear Energy Agency and the 

International Atomic Energy Agency Uranium, 2020. 
26 IEA, “World Energy Outlook 2020.” 
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In order to reach 2050 net zero emissions goals, a combination of technologies is necessary. 

Renewables must be supported to a degree by other energy sources, including nuclear energy. Other 

sources such as natural gas represent a temporary solution to a much wider goal of reducing global 

greenhouse gas emissions.27 Although the life cycle CO2 emissions of natural gas are comparatively 

less unattractive than other hydrocarbon energy sources, the presence of those emissions eliminates 

natural gas from consideration in some states where the long-term competition with renewables is in 

place. In such cases nuclear energy as a non-CO2 emitting energy source can find a key role in the 

global energy transition.  

The counterargument that 2050 net zero emissions goals can be reached without nuclear energy is a 

problem for two primary reasons. A decline in the use of nuclear energy in advanced economies would 

require substantial investment increases (USD ~1.6 trillion between 2018 and 2040) in renewables 

which would be passed on to consumers.28 The IEA estimates that the cost of the electricity supply for 

advanced economies would average USD ~80 billion higher per year without lifetime extensions of 

current reactors and investment in new NPP construction. 29  We can observe already that many 

countries which currently possess NPPs have incorporated reactor lifetime extensions, and  

constructing new NPPs, in their strategies for achieving 2050 net zero emissions targets.30 Secondly, 

NPPs are considered to be more reliable sources of dispatchable electricity generation than renewables 

and less subject to price volatility than fossil fuels.31 Dispatchability relates to the long-term certainty of 

an electricity source to meet demand at all times.32 This is discussed in more detail in the next section. 

2.2 Energy security     

In addition to the attractiveness of lower carbon intensity, nuclear energy’s rise as one of the prime 

candidates for adjusting the electricity generation energy mix is also supported by its relative ease of 

access financially and geographically. Unlike other alternative energy sources, nuclear energy does not 

depend on wind directions or speeds, cloud cover, or haze and can operate in diverse locations so long 

as it is near a large water source needed for cooling.33 One of the most attractive features of nuclear 

energy is the stability of its fuel supply and the consistency of power supply despite adverse weather 

conditions and political instability.34 Instances of political instability interfering with energy supply have 

been observed in various oil and gas conflicts between suppliers, especially Russia, and clients.35 Both 

the Russo-Georgian war and the disputes with Ukraine over gas transit are considered to be results of 

Russia’s perception of energy as a strategic tool in foreign policy.36 Conversely, although Ukraine is a 

country which receives the majority of its nuclear fuel supplies from Russia, the ongoing war with Russia 

has not disrupted the electricity generation operations of its nuclear power plants. (Chernobyl has been 

under military occupation but the NPP does not currently generate electricity to the grid.) At the 

                                                      

 
27 Patrick Trent Greiner, Richard York, and Julius Alexander McGee, “Snakes in The Greenhouse: Does Increased Natural Gas 

Use Reduce Carbon Dioxide Emissions from Coal Consumption?,” Energy Research and Social Science 38, no. January 

(2018): 53–57, https://doi.org/10.1016/j.erss.2018.02.001; Michael Levi, “Climate Consequences of Natural Gas as a Bridge 

Fuel,” Climatic Change 118, no. 3–4 (2013): 609–23, https://doi.org/10.1007/s10584-012-0658-3. 
28 IEA, “Nuclear Power in a Clean Energy System” (Paris, 2019), https://doi.org/10.1787/fc5f4b7e-en. P. 5. 
29 Ibid. p. 5. 
30 Jochen Markard et al., “Destined for Decline? Examining Nuclear Energy from a Technological Innovation Systems 

Perspective,” Energy Research and Social Science 67, no. August 2019 (2020): 101512, 

https://doi.org/10.1016/j.erss.2020.101512. 
31 IEA, “Nuclear Power in a Clean Energy System.” p. 13 
32 Ibid. 
33 Ioannis N. Kessides, “Powering Africa’s Sustainable Development: The Potential Role of Nuclear Energy,” Energy Policy 74, 

no. S1 (2014): S57–70, https://doi.org/10.1016/j.enpol.2014.04.037. 
34 Tomoko Murakami, “A Historical Review and Analysis on the Selection of Nuclear Reactor Types and Implications to 

Development Programs for Advanced Reactors; A Japanese Study,” Energy Reports 7 (2021): 3428–36, 

https://doi.org/10.1016/j.egyr.2021.05.049. 
35 Adrian Dellecker and Thomas Gomart, eds., Russian Energy Security and Foreign Policy, Routledge/GARNET Series. 

Europe in the World ; 13 (London ; New York: Routledge, 2011). 
36 Ibid. 
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Zaporizhzhia NPP in Ukraine which Russian military forces now control, fighting caused a training 

building to be hit by a projectile, but none of the reactors on site nor personnel were harmed and no 

radioactive materials were released. Two of the five high-voltage off-site power transmission lines that 

supply electricity to the NPP were damaged. (A single line needs to be in operation to provide power, 

and these are separate and unrelated to the safety equipment power lines for the NPP).37 Despite this, 

reactor output has only been affected by the occupation of an invading military force, when there was 

a brief 100 MWe reduction per reactor on 17 March caused by an onsite power line break which  was 

promptly repaired on the same day.38 Receiving of fuel assemblies is not a common concern for NPPs 

as these remain inside a reactor for 18-36 months at a time; therefore, immediate replacement fuel 

supplies for Ukraine’s NPPs have not been necessary.39 Ukraine has also been in the process of 

diversifying its sources of fuel to include Westinghouse’s fuel services.40 

As shown in the appendix, countries that emphasise the security or stability benefits of nuclear energy 

as a steady supply of electricity, as domestically sourced electricity, or as financially affordable, include 

all the countries currently constructing nuclear reactors with designs originating from foreign suppliers. 

This is not surprising. Energy security can be defined in many ways. Generally it is defined as ‘low 

vulnerability of vital energy systems’.41 However, defining the source of vulnerability is the point at which 

the definition becomes more nuanced. It can refer to the stability and physical security of the grid and 

transmission of electricity or protection of the source of energy production. Such a physical definition of 

energy security is especially significant for countries in wartime and in natural disaster scenarios which 

threaten the structural integrity of the energy system. Energy security may also be defined as the ability 

of a country to determine its electricity generation or, as decreased or proportional dependence on 

outside actors. Energy security further holds different meanings depending on the actor. A former 

director of the IEA, Maria van der Hoeven, once characterised energy security as, for exporting 

countries, about ‘…security of demand, for importing countries about security of supply’.42 Thus, for 

energy exporting countries, energy security speaks to the resilience of the market for their specific 

exports, while for energy importing countries it entails a reliable external supply to purchase. 

Countries using their own reactor designs which consider nuclear energy to play a role in their energy 

security include China, France, India, Russia, South Korea and the USA (i.e., all countries except 

Argentina). For China, controlling and producing key facets of its own nuclear technology supply chain 

are considered important in order to decrease reliance on foreign imports. At present reliance on foreign 

imports for its own reactor designs is decreasing, with 88% of the equipment for the Hualong One 

reactor design now manufactured domestically.43 Although China’s energy imports are expected to rise 

in the short term, it is expected to reduce its dependency on energy imports through domestic 

capabilities in renewable energy and nuclear power.44 By 2030, China’s share of electricity from nuclear 

energy in its energy mix is expected to rise from 4% at the time of writing to 10% and reach 20% by 
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2050.45 South Korea46 is also expected to at least maintain the share of nuclear energy at 30% in its 

energy mix with an inflection point occurring in the government’s policy from phasing out nuclear energy 

to reviving it.47 The shift has come with the election of Yoon Suk-yeol as president, whose views on 

nuclear energy are opposite to those of the previous administration’s nuclear-phase out policy of 

cancelling construction of new reactors and allowing current ones to age without replacements.48 Four 

reactors have been in construction for several years now in South Korea by the Korea Electric Power 

Corporation (KEPCO). They are meant to replace ageing reactors whilst increasing the share of 

renewables in the energy mix. Yoon’s policy to restart and continue construction of these four reactors, 

and possibly more to come, decreases Korea’s need to rely on imported electricity, including from North 

Korea, China, and Russia.49 

This idea of energy security was reaffirmed in Russia’s official energy strategy to 2020 to be deeply 

involved in the energy sector so as to protect Russia from both internal and external threats. The official 

Energy Strategy of Russia for the period up to 2030 considers ‘energy security is one of the most 

important components of the national security’ and that Russia will continue ‘strengthening its position 

in the world nuclear electric energy industry.’ 50  The Kursk-II NPP, which is currently seeing the 

construction of two new reactors is said to be of ‘strategic importance’ and ‘will ensure the energy 

security of the Central Federal District’ of Russia, according to Rosatom Director General Alexei 

Likhachev.51 Similar sentiments are echoed by the Indian government regarding the ‘mega-project’ of 

constructing ten domestically designed Pressurised Heavy Water Reactors (PHWR) as supporting 

India’s ‘energy security and…clean energy commitments.’52  

In the USA, the former Secretary of Energy emphasised ‘energy security, economic security,…national 

security’ as functions of the new reactors at the Vogtle NPP.53 These reactors are set to mark the 

beginning of continued investment and development in nuclear technology in order to maintain 

American assets and expertise in nuclear enterprise and avoid international dependency.54 

Next to the United States, France operates the most nuclear reactors for electricity generation 

worldwide (56 in total compared to 93 in the USA). In France, the nuclear energy industry is considered 

‘the cornerstone of [France’s] strategic autonomy,’ according to President Emmanuel Macron. 55 
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Continued development of France’s nuclear industry also balances the risk of transferring a substantial 

portion of the country’s energy mix to renewable energy with the ageing of many of its current reactors.56 

The countries constructing reactors with foreign designs which consider nuclear energy to play a role 

in their energy security include Slovakia, Belarus, China, Finland, Iran, Pakistan, Turkey, Ukraine, and 

the UAE.57 The nature of nuclear energy as a domestic electricity source enabling self-sufficiency 

appears attractive to new nuclear states. This can be observed with Slovakia seeking to self-contain its 

domestic electricity supplies and Belarus reducing its reliance on gas imports with the construction of 

NPPs.58 According to the latest white paper published by the Chinese State Council, China is applying 

its new imported nuclear reactors to strengthen the resilience of its energy sector.59 Finland emphasises 

that nuclear energy will ‘reduce energy import dependency’ and contribute to security of the electricity 

supply, especially during the winter months.60 The stability and reliability of electricity supply from 

nuclear energy appears also to be a key point especially, with Iran, Pakistan, Turkey, the UK, and the 

UAE emphasising ‘reliable electricity’, a ‘secure’ supply of electricity, security in energy supply, 

‘reliable…power generation’, and other similar characterisations of the role of the new reactors in their 

respective countries.61 

Although excluded from the data on states currently constructing reactors, it is worth noting the position 

of Japan. At the time of writing, Japan has restarted ten of its reactors since 2015 and is planning to 

resume construction of two more in the near future.62 The distinction between restarting construction 

and new construction is significant because the Japanese government decided to suspend all NPP 

construction after the 2011 Fukushima disaster. Construction restarts began with the Ohma NPP in 

2012, which is currently suspended due to ongoing review of enhanced safety measures.63 Motivations 

for the decision to restart construction were linked to energy security with the Ohma NPP characterised 

as a ‘reliable power plant that will play an instrumental role in the stable supply of electricity and the 

nuclear fuel cycle of Japan.’64 
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Japan has pursued a plan to produce a demonstration fast breeder reactor by 2025 and a commercial 

one by 2050, which signals a substantial motivation to lead technological development and increase 

Japan’s energy security. There is no commercial fast breeder reactor in operation today, only 

experimental and demonstration reactors, which means that Japan would be among the first to do so.65 

Fast breeder reactors are also guarantors of increased energy security as they reprocess uranium and 

essentially breed nuclear fuel, meaning ‘they are ideal for fundamentally solving the problem of nuclear 

fuel.’66 However, this development process has stalled over the years with the fluctuation of the price 

of uranium; when it is cheaper to purchase uranium than breed it, the incentive for fast breeder reactor 

research and development, and especially commercialisation, wavers.67 It is worth noting that these 

types of reactors have demonstrated the conversion of weapons-grade plutonium and nuclear waste to 

electricity, reducing the proliferation and waste associated risk from nuclear energy.68 Fast breeder 

reactors are therefore ideal when uranium supply is either scarce or expensive. At the time of writing, it 

is neither.69  

2.3 Foreign relationships 

The state’s responsibility in providing electricity as a public good as well as ensuring the responsible 

use of nuclear energy according to international treaties makes the state inherently involved, and 

representative of, motivations towards the acquisition of nuclear energy. Ultimately, the state is the 

customer of the energy market, and the provider of electricity to the public. This means that the 

relationships between states are an important factor to consider in analysing the role of nuclear energy 

in the global energy transition. Although, establishing the influence of foreign relationships on nuclear 

energy decision-making is not straightforward, it can be narrowed into three primary themes: financial 

export gains, generating dependency, and achieving international prestige.  

Financial export gains 

A rather obvious motivation for developing a country’s own nuclear energy capacity is the export 

revenue that it can generate: the export of nuclear reactor technology and the export of electricity 

generated by nuclear energy. In the context of financial export gains, client states tend to focus on 

nuclear energy for electricity export whereas vendor states and states where nuclear technology is 

domestically designed tend to focus on developing new reactor technology for export. 
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The countries looking to gain financially from exporting electricity include Slovakia, Belarus, France, 

Iran, and Ukraine. Slovakia is looking to become an electricity exporter to the European Union with the 

capacity provided by its new VVER reactors supplied by Rosatom.70 Belarus has expressed intentions 

to export electricity generated from its Astravyets NPP to the Baltic States and Ukraine.71 Iran is a 

unique case in that the financial export gains from the Bushehr II reactor currently under construction 

are meant to be achieved by freeing up oil for export.72 Ukraine is aiming to harness the full potential of 

the electricity output from its nuclear energy to become an ‘energy bridge’ with power lines connected 

from the Khmelnitsky NPP to Poland and Hungary.73 As the world’s largest net electricity exporter, 

France is expected to continue to use some of the electricity produced from nuclear energy to export to 

its neighbours, notably Italy, Germany, and the United Kingdom.74 

The countries looking to gain financially from nuclear technology exports include Argentina, China, 

Russia, South Korea, and the USA. All reactors are domestically designed and being constructed as 

demonstrations for the commercial market. Argentina’s CAREM reactor is meant to enable Argentina  

to become the first to commercialise SMRs for the international market.75 China is constructing a total 

of seventeen reactors, of the Hualong One, ACPR-1000, CAP1400, and CFR-600 designs as well as 

its demonstration SMR called ACP100.76 The ACP100 is intended to resemble Argentina’s CAREM, to 

enable the design to be suitable for the international market and to propel China to become the first to 

do so. The CFR-600 is a sodium-cooled, pool-type, fast-neutron Generation IV demonstration reactor. 

The CAP1400 is a demonstration project as well advancing Westinghouse’s AP1000.77 The ACPR-

1000 is a revised version of a French design from the 1970s and 1980s (the French 900 MWe three 

cooling loop design (M310)) improved to the Generation III level; it is likely that this design is intended 

for domestic use.78 The Hualong One design, however, is the main Chinese export reactor being 

deployed today (unlike the CFR-600, CAP1400, and ACP100 which are still in the demonstration and 

commercialisation phase). 79  The first Hualong One entered commercial service in 2021, and has 

reached criticality at the Karachi NPP in Pakistan. It is being considered as a suitable reactor design 

for NPPs in the UK, Argentina, Romania, and Iran among others.  
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The Energy Strategy of Russia for the period up to 2030 outlines ‘the enhancement of the Russian 

nuclear technologies export potential’ as an ‘important component’ of state strategy. 80  Russia’s 

involvement in the nuclear technology export market is well established, and its reactors currently under 

construction, the VVER-TOI and the BREST-300, emphasise that involvement. The VVER-TOI is a 

Generation III+ reactor intended to improve the already internationally competitive VVER design. The 

BREST-300 is a demonstration lead-cooled fast reactor (Generation IV) with a closed fuel cycle. 

Generation IV reactors have not yet reached the international market and the BREST-300 may support 

Russia’s endeavour to become the first to offer this type of reactor to Rosatom clients. Conversely, the 

USA is a relative newcomer to the international market for nuclear reactors despite having used nuclear 

energy for electricity generation for decades. For this reason, the only reactors under construction in 

the USA are tried and tested AP-1000 designs in Vogtle, Georgia. However the recent enabling of the 

Export-Import Bank (Ex-Im) to offer export credit financing for the construction of reactors is a step 

towards a wider aim of ‘exporting best-in-class nuclear energy technology’.81 The most likely first client 

of American reactor exports is Poland, where discussions on the country’s first nuclear power plant 

have been taking place since 2021.82 

Korea is a player to keep an eye on in the international nuclear reactor market because of the expected 

inflection in the government’s policy towards nuclear energy with the election of president Yoon Seok-

youl.83 Although Korea has only had one foreign customer for its reactor technology thus far (the 

Barakah NPP in UAE), the incoming government appears to be pursuing a policy of both revived nuclear 

energy use domestically and increased nuclear reactor export. 84  The reactor used for export is 

KEPCO’s APR-1400, a PWR with a 1,000MW to 1,400MW capacity with a lifetime of 40 to 60 years.85 

Given recent indications, Korea will likely focus heaviest on the European market and KEPCO, the 

state-owned nuclear energy corporation, will pursue winning bids for NPP construction in the Czech 

Republic and Poland.86 

Influence 

The dynamics between suppliers, consumers, the state, and the international nuclear regulatory regime 

afford a greater degree of geopolitical influence to the supplier of reactors than to the supplied/consumer 

state. The ‘deep involvement’ of governments in the nuclear energy relationship is uniquely more 

substantial than the more commercial and enterprise relationships in mainstream forms of energy 

production and consumption.87 This is because the state is responsible for ensuring proper regulation 

and handling of nuclear and radioactive materials, which in turn makes the state a key player and 

decision maker in civil nuclear relationships. Scholarship on the connection between state foreign policy 
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and the nuclear industry finds that ‘foreign policy influence’ and ‘nuclear commercial relationships’ are 

linked: nuclear commerce ‘serves to create or maintain diplomatic, commercial, and institutional 

relationships.’ 88  The international supply of nuclear energy requires governments not only to 

communicate but also to cooperate, innovate, and maintain the entire nuclear endeavour for years on 

end. This is because there are: 

 accountability structures and oversight, 

 regulations (both international and domestic),  

 waste management 

 international and regional security norms (this is significant especially in Eastern Europe due to 

the Chernobyl disaster),  

 repayment and loan negotiations,  

 personnel exchange and training, and  

 the enforcement of safety standards by both states involved and by international nuclear energy 

associations and multilateral organisations such as IAEA.  

Intergovernmental nuclear energy relations become especially conducive to enhanced cooperation 

when the commercial enterprises involved are state-owned, such as Rosatom. This, combined with the 

realisation that private sponsorship alone does not enable competition for nuclear energy in the free 

market, is now fuelling new exporters, such as the United States, to adjust their approach to nuclear 

energy technology export. 89The argument that vendors of nuclear reactor technology sometimes 

attempt to create dependencies by clients is made most often against Rosatom and Chinese state-

owned nuclear energy corporations. Such intentions are rarely, if ever, acknowledged by the Russian 

and Chinese states or the corporations which they sponsor and own but so-called ‘strategic energy 

exports’ are noted as increasingly used as instruments of foreign policy.90 It is therefore important to 

explore this issue as a potential motivation for selling nuclear reactors abroad.  

Because of the relationship between the nuclear industry and the state, client states tend to consider 

the trustworthiness of the state associated with potential vendors of nuclear reactors in determining 

whether or not to cooperate with those vendors. This means that the motivations of civil nuclear 

corporations cannot be taken at face value as being governed by profit, the market, and commercial 

interests and may be intertwined with either known or unknown state policy. When vendors are owned 

by the state, this becomes even more of an element in the client’s decision-making process because 

the extent to which state sponsorship is connected with the foreign policies of the state is unknown. 

This is especially true for Rosatom and CNNC and CGN because of ownership by their respective 

states and the assumption that they operate as instruments of foreign policy in certain cases. 91 

Therefore, the assumption that civil nuclear corporations operate according to commercial and market 

motivations can be clouded when the governments of client states do not have trusting or positive 

relationships with the governments of vendor states. Rosatom was excluded from bidding for a tender 
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to supply a new reactor to a nuclear power plant in the Czech Republic because of the lack of trust in 

the Russian government following Russia’s alleged involvement in the fatal explosions that occurred at 

an ammunition depot in the Czech Republic in 2014. The Czech government refused to cooperate with 

Rosatom, although it was a corporation and not a government body.92 

Some observers of Russian energy consider that the dominant strategy of Russian energy companies 

is to focus on European markets ‘to build new export pipelines backed by long-term contracts, in order 

to strengthen dependencies by locking customers into energy purchases many years into the future.’93 

Trends have been observed in Russian energy relationships that centre on positioning Russia’s future 

as the ‘single most important supplier of energy to Europe,’ maintaining control of the flow of energy in 

Eurasia, and eventually becoming a lead energy supplier to Asia.94 This requires fostering ‘existing 

dependencies through downstream investment and the renegotiation of long-term contracts on energy 

deliveries…’95 One concern in this respect is that contracts for  NPPs constructed by Rosatom stipulate 

the adjustment of interest rates every few years according to changes in the cost for Russia of offering 

loans on the international market.96 This concern has not materialised in civil nuclear cooperation with 

Rosatom thus far because the Russian government has expressed willingness to renegotiate loan 

agreements over time with the client states. In Belarus, for example, the loan agreement of USD $10 

billion given by Rosatom for the Astravets NPP in 2011 set a 5.23% interest rate for half of the loan with 

the other half at the LIBOR rate for 6-month deposits in US dollars, increased by a margin of 1.83% per 

year, all to be paid in 30 equal 6-monthly instalments.97 Russia has thus far been willing to negotiate 

restructuring the loan several times in recent years at the request of the Belarusian government, 

including adjusting the repayment period from 25 to 35 years, changing the fixed interest rate to 3.3% 

per annum, and deferring the start date of the loan repayment.98 Similarly, the EUR €10 billion loan from 

the Russian state to finance Hungary’s Paks II NPP has been amended by both governments a few 

times, including when an amended protocol on the credit use period of the loan and the repayment 

period signed in 2021 by Russian Prime Minister Mikhail Mishustin was later ratified as a five-year 

extension by the Russian State Duma at the request of the Hungarian Finance Ministry.99 

Conversely, concerns about China’s trustworthiness as a nuclear energy partner tend to centre most 

on the involvement that the Chinese state may hold in the critical infrastructure of its client states, for 

instance nuclear power plants. Such plants are considered to be critical infrastructure for several 

reasons including the need to anticipate and contain the unexpected, impact severity, cross border 
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effects, infrastructure complexity, the need for experienced personnel, and a strict organisational 

structure.100 The United States has gone so far as to place CGN on its export blacklist in 2019 because 

of alleged theft by the corporation of American military technology. Ultimately, China’s CNNC and CGN 

have been significantly hindered three times in exporting reactors because of concerns related to 

untrustworthiness in critical infrastructure involvement by the Chinese state.  

Firstly, caution has been expressed by the UK government over the purchase of China’s Hualong One 

design for the construction of the new nuclear power plant, Bradwell B, in Essex because of ‘the 

approach we’ve seen to Huawei’, the Chinese company that was banned in the UK in 2020 as a ‘high 

risk vendor’.101 This caution is more political then technical as approval was recently given by UK 

regulators in the Generic Design Assessment (a voluntary but expected process for vendors to 

complete) that the Hualong One design is safe and suitable for deployment.102 However, this does not 

necessarily mean that it will be built, because political and security concerns may prove stronger than 

technical suitability. It is reported that private discussions in government indicate that the Chinese desire 

to place one of its reactors in the UK is futile, but no decision has been officially announced.103  

Secondly, CGN was set to build two CANDU-6 reactors at Romania’s Cernavoda NPP until Romania 

terminated its agreement with CGN in 2020,and instead partnered with the USA to support 

construction.104 According to Romania’s then prime minister Ludovic Orban, partnership with CGN was 

‘not going to work’ whilst the US Ambassador to Romania at the time referred to the partnership as an 

‘existential danger’ which Romania no longer needed to fear by cutting off CGN.105 

Thirdly, the Czech Republic entirely excluded both China and Russia from bidding in its tender for the 

construction of a new unit at its Dukovany NPP. The decision was allegedly political as, two days earlier, 

eighteen Russian diplomats were expelled with the announcement that the Russian state was 

suspected of being involved in explosions at an ammunition depot in 2014. Reasons for excluding China 

from the bidding process were less specific. The Czech Industry and Trade Minister Karel Havlícek 

claimed that ‘we are all inclined to believe that China is unthinkable as a potential supplier for us in the 

tender.’106 This particular obstacle is a prime example of the lack of trust between states which, when 

the industries are state-owned, affects international nuclear energy cooperation. At present, China’s 
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only external construction project is through CNNC in Pakistan, with the most probable future project to 

be in Argentina.107  

Prestige   

States are often motivated to adopt and increase civil nuclear technologies in order to boost their 

international prestige, which can be gained from the levels of technological development which the 

country has achieved and by associating and cooperating with vendors who are considered to be 

advanced in nuclear energy technology.  

The states currently constructing NPPs with foreign reactors which emphasise prestige include Ukraine, 

Turkey, Pakistan, China, Belarus, and Bangladesh. They are all constructing Russian- or Chinese-

designed reactors.108 China is building both Russian-designed and its own design reactors. Pakistan 

officials heralded diplomatic relations with China at the inauguration of the Karachi NPP in 2021.109 

Bangladesh emphasises cooperation with India and Russia in describing its nuclear energy 

endeavours.110 Turkey aspires to enter the ‘league of nuclear energy countries’ and ‘become among 

those with nuclear power’ as its four reactors currently under construction by Russia’s Rosatom reach 

their planned start-up dates.111 It is a partnership which President Recep Tayyip Erdogan calls ‘a symbol 

of Turkish-Russian cooperation’.112 

Ukraine is seeking to gain a reputation as the ‘energy bridge’ of Europe, solidifying its claim to a status 

of Europeanness, and aspiring to achieve a rank among states that are ‘first’ in nuclear energy in Europe 

and globally.113 Despite the legacy of the Chernobyl disaster it is resilient towards ‘defend[ing]’ the 

nuclear power sector and providing reliable and safe energy to Europe.114 

The motivation to gain prestige also applies to states constructing reactors of their own design. These 

include Argentina, China, India, Russia, and the USA (i.e., every country currently constructing a 

domestic reactor design except for France). Argentina for example is looking to ‘double the size of its 

nuclear sector’ in the coming years as a ‘national project,’ with potential projects using China’s Hualong 

One design and cooperation agreements for potential future purchases from Rosatom.115 Argentina is 

already among the leaders in demonstrating small modular reactors (SMRs) for electricity generation 

with CAREM, the country’s first domestically designed reactor for electricity generation, and as a 

research reactor and for water desalinisation.116 According to the Argentine government, CAREM, 

which became the first in the world to reach the construction stage in 2014, supports Argentina’s aim 
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towards world leadership in SMRs.117 Similarly, Russian-designed nuclear reactors, specifically the 

VVER-TOIs under construction at Kursk NPP, are intended to maintain the share of nuclear in Russia’s 

energy mix and to demonstrate their competitiveness in the global market with eventual ‘serial 

construction’ of these reactors abroad.118  

India’s home-designed nuclear reactors are ‘a shining example of Make in India,’ according to the Prime 

Minister Narendra Modi.119 That these reactors are ‘fully indigenous’ is a point continuously emphasised 

by officials as ‘a proud symbol’ of India’s scientific and technological excellence.120  

In China, the Hualong One design, whose core components, including the main pump and steam 

generator for each Hualong One reactor are made from domestic capability, demonstrates Chinese 

‘homegrown’ technology manufacturing.121   

The renewal of the United States nuclear energy programme has been portrayed as a symbol of 

national pride and American greatness and leadership in the international community. The two AP-1000 

reactors being constructed at the Vogtle NPP in Georgia will be the first to be completed in the US in 

the last thirty years.122 They serve the Biden Administration’s purpose of decreasing pollution from 

electricity, ‘increasing competition in the market,’ and using existing infrastructure efficiently, especially 

‘carbon pollution-free energy provided by existing sources like nuclear and hydropower.’123 

3. Nuclear energy and net zero targets 

At the time of writing, thirty-two countries operate nuclear power plants for electricity generation, as 

shown in Figure 5 and Figure 6. 124 Figure 7 shows the percentage of nuclear energy in national 

electricity generation mixes. In the global context, France ranks highest with 70.6% in 2020. Slovakia 

and Ukraine follow with 53.1% and 51.2%, respectively. Although the United States, may produce more 

terawatts per hour of electricity generated from nuclear energy than other countries, its nuclear share 

(19.7%) is lower than many other countries. 
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Figure 5: Nuclear energy for electricity generation worldwide in 2020125 

 
 

Figure 6: Nuclear generation by country 2020126 
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Figure 7: Nuclear share of electricity generation in 2020 by country127 

 
  

At present, 55 reactors are under construction globally whilst 439 are currently in operation.128 The 

global average age of reactors in 2019 (~32 years) reflects the increase in NPP construction during the 

1970s and 1980s, the wavering of construction after the Chernobyl disaster in 1986 and again after the 

Fukushima Daiichi disaster in 2011.129 After about 40 years, certain key components in a reactor need 

to be replaced and refurbished in order to receive renewed operating licenses towards a 50- or 60-year 

lifetime. Extensions vary, but typically are within the range of an additional 10 to 20 years. 

According to the IEA’s Outlook on Net Zero Emissions by 2050 (NZE2050), which sets out targets for 

achieving global net zero CO2 emissions by this date, nuclear generation globally is expected to 

increase from 390.627 GWe by 36% between 2019 and 2030. In order to achieve these targets, I have 

calculated that approximately 235 reactors are needed in the next eight years (see Appendix). 

Additionally, in the UN’s Intergovernmental Panel on Climate Change (IPCC) 1.5 °C  Scenario, nuclear 

generation is forecast to increase by 60% between 2019 and 2030. This means that an additional 320 

reactors, including replacement reactors for those decommissioned in this period, would need to be 

constructed.   

Given that there are currently 55 reactors under construction globally, and assuming that they will be 

online by 2030 this reduces the number of new reactors that would need to be constructed and online 
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by 2030 to reach the IPCC 1.5 °C Scenario to 265. An additional 180 reactors would need to be 

constructed and online by 2030 in order to reach the NZE2050 Scenario (using the above assumption).  

A number of reactors are already being planned, but this stage can take a few years before actual 

construction begins. Construction itself takes about five to ten years before a reactor goes online. This 

means that, although we may see a few more reactors constructed in the next eight years, both targets 

are very unlikely to be met by 2030. Furthermore, for countries considering or adopting nuclear energy 

for the first time there are a number of significant obstacles to be overcome, including the scale of 

investment necessary for such a major infrastructure project known for its delays, expanding 

construction timelines, and layers of international licensing, oversight, and coordination. 130 Although 

these issues are the same for everyone, the pre-existing structures, institutions, and partnerships in 

countries with decades of experience in operating NPPs tend to make building new nuclear facilities 

less challenging than for countries with little or no experience or pre-existing infrastructure who often 

must learn by doing. This is often the reason why investment in nuclear energy in developing economies 

is the responsibility of the state whilst in advanced economies, state support is balanced with private 

sector investment. In 2019, the IEA considered that the major delays and cost overruns of American 

and European NPP projects in the decade prior had ‘scare[d] off’ investors, with ‘major design 

modifications’ and a lack of recent industrial experience since the NPP construction wave in the 1970s 

causing project risks and interruptions.131 Investment and support from the state minimises the financial 

risks associated with new nuclear development and reduces the need to allocate risks to potential 

investors, as is typically done in other energy development projects.132  

4. Nuclear reactor providers 

The most common type of reactors used today are pressurised water reactors (PWRs). The primary 

differences in the reactor market today are not between the reactors themselves but rather between the 

packages encompassing them. In a PWR the reactor core generates heat by the nuclear fission process 

and is cooled by high-pressured (~150-160 bar), high temperature (~275 °C) water. PWRs currently 

being constructed and most of those currently being used for electricity generation are considered to 

be Generation III and III+ reactors. To clarify, Generation I reactors were those developed in the 1950s 

and 1960s and are no longer developed nor in use today. Generation II reactors include those no longer 

being constructed but still in use, and mostly reaching their lifetime expectancies.133 Generation IV 

reactors are currently under development but are not yet operating commercially.134 They operate at 

higher temperatures than Generation III reactors and many are cooled by liquid sodium or lead, liquid 

molten salt, or gas instead of by water. For the purposes of this report, I will focus on Generation III 

reactors given their dominant presence in today’s nuclear export market. They typically have a lifetime 

operating capacity of sixty years.  

About thirty countries are considering purchasing or have already purchased imported reactors for the 

first time. (These are countries which had no prior civil nuclear power plants for electricity generation to 

the grid).135 Of the twelve countries currently constructing nuclear power plants with an imported nuclear 

reactor design, or importing a new reactor for plants currently in operation, eight are using a Russian 

reactor design. 136  Finland and the United Kingdom have purchased reactors with EPR designs 

originating from France. The only country constructing a reactor with a Korean design is the United 
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Arab Emirates.137 Pakistan is using China’s Hualong One reactor design. Although research reactors 

and programmes and nuclear technology development is seen in other countries, they are excluded 

from this analysis because they are not provided commercially today.  

Only six countries (Russia, the United States, France, Japan, China, and Korea) account for ~94% of 

global nuclear technology suppliers.138 Apart from Japan they are all able to export nuclear power 

plants.139  

Since the Fukushima nuclear disaster, when nuclear energy generation saw a global decline, states 

have begun to realise the implications of nuclear energy export for their national security strategies and 

economic growth. Russia and China have been exporting to global markets and developing their nuclear 

technology expertise for both commercial and political and strategic reasons.140 Russian prominence in 

the nuclear export market is attributed to Russia’s contribution to the creation of that market from 2005 

onwards, prior to which there had been ‘little or no market for reactors since 1990’.141 Rosatom’s low 

prices, financing options, and spent fuel disposal capabilities have made nuclear energy feasible for 

countries such as Egypt, Turkey, Vietnam, and Nigeria, whose publicly funded nuclear energy bodies 

had difficulty hurdling the high costs and financing for nuclear reactors.142  

Of the countries constructing or exploring the possibility of constructing nuclear power plants, Russian 

and Chinese state-owned nuclear companies are leading in offering financially attractive and practically 

viable options.143 Russia’s Rosatom provides an unrivalled, full package supporting ‘the entire nuclear 

fuel cycle’ including construction of the plants, reactor technology, professional training, and disposal 

of radioactive nuclear fuel for the lifetime operation of the reactor.144 At the time of writing, Russia leads 

the competition in providing offers that are attractive especially to countries with ‘little experience of 

nuclear power…’145 This is largely attributed to its financial, engineering, construction training, fuel 

supply, operation, and waste disposal  and decommissioning packages offered for countries wishing to 

build nuclear power plants or extend the lifetime of existing reactors. Perhaps more importantly, the 

Russian nuclear energy industry is entirely state-owned and state-funded. This provides the Russian 

nuclear industry with the stability and consistent funding necessary for competing on the international 

market. Conversely, private nuclear ventures competing in the international market struggle to offer 

such attractive packages due to private investors’ expectations of financial returns.146 

This common feature of state sponsorship places Russian and Chinese nuclear energy companies at 

an advantage in manoeuvring and understanding the global market for nuclear reactor technologies.147 

However, compared to Russia, China lacks the decades of experience in nuclear reactor technology 
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and innovation. Although the first reactor developed in China by the Shanghai Nuclear Engineering 

Research and Design Institute (SNERDI) began construction in 1985, nuclear technology development 

early on centred on creating Chinese versions of French reactor designs. 148  Thus, novelty and 

innovation in Chinese reactor designs are questionable. Unlike Rosatom, China tends to import ‘a 

reactor design, [learns] from it and then use[s] its own and international experience and feedback to 

improve its own 'domestic' reactor technology.’149 

State support means many things in the nuclear industry, among them being significant subsidies and 

a guaranteed source of funding.150 State support for nuclear export programmes is considered key to 

achieving competitiveness in the international market, and state involvement in supporting the nuclear 

power industry overall has always been vital. Losses of USD $6.5 billion led to Westinghouse filing for 

bankruptcy in 2017. Framatome sold most of its reactor division to France’s state owned nuclear 

corporation, EDF Energy.151 The United States is beginning to re-expand into global markets for nuclear 

energy by installing and financing nuclear technology, with a recent financial boost of USD $2.5 billion 

by the Biden Administration to the Advanced Reactor Demonstration Program (ADRP), as well as other 

recent investments such as the Department of Energy’s funding awards of USD $61 million to research 

and development of nuclear energy,.152 It is important to bear in mind that the United States remains 

constrained, unlike Russia and China, in the choice of cooperation partners to those countries which 

are signatories of the 123 Agreements for Peaceful Cooperation.153 The 123 Agreements restrict the 

proliferation of nuclear materials and ensure that the transfers of nuclear material and equipment are 

within the guidelines of nuclear cooperation for peaceful purposes. Forty-seven countries are 

signatories to the 123 Agreements.  

The United States has historically been a leading developer of nuclear technology beginning with the 

first fully commercial PWR designed by Westinghouse in 1960.154 Several American reactor designs 

have been exported since then including, in 2005. the first AP-1000 ever to be exported (to China’s 

Sanmen NPP). However, this legacy became displaced by Russian and Chinese exports for several 

important reasons. The nuclear industry in the USA is owned largely by the private sector and has 

struggled in recent decades to remain competitive in the domestic energy market due to high up-front 

private capital costs of constructing NPPs. Meanwhile, state-owned nuclear power corporations in 

Russia and China have built multiple NPPs in recent decades funded by state-backed capital. American 

companies have not been able to compete with the export financing options that Russian and Chinese 

state-owned corporations can offer their clients. This is because, until recently, the Export-Import Bank 

of the United States (the agency responsible for financing and facilitating the sale of American products 

abroad) has only received short term reauthorisations and has been unable to offer loans of more than 

USD $10 million to foreign clients. The implication of this is that the American nuclear industry did not 

have the resources to offer enough funding for NPP projects abroad, and the short-term 

reauthorisations created concerns for long-term projects. However, after receiving the recent financial 
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boost from Congress, the most significant development in 2020 has been the reauthorisation by 

Congress for the Export-Import Bank to include nuclear technology in the exports for which Ex-Im can 

provide financing to foreign customers.155 Because of this reauthorisation, the United States is now 

involved in the Polish civil nuclear programme to reduce Poland’s dependence on coal as well as reach 

its goal of increasing the share of renewable energy electricity generation from 13% to 23% by 2030.156  

Poland is increasingly avoiding coal as an energy source and seeking to replace it with a nuclear energy 

programme, and with a 23% share of its energy mix to be generated from renewables, mostly wind 

energy (up from 13% in 2021).157 Under the Strategic Agreement by the United States and Poland on 

‘Cooperation Towards Developing Poland’s Civil Nuclear Energy Program,’ the U.S. will supply 

technology and financing options for Poland’s first nuclear power plant.158 This is the first major step by 

the U.S. into the global nuclear energy export market since the Fukushima nuclear disaster.  

However, Russia’s Rosatom remains the leader in international NPP construction and reactor export, 

with state ownership enabling the corporation to offer competitive financing options to prospective 

clients. The main reactor exported by Russia is the VVER series, designed with a service life of sixty 

years and currently being constructed in Belarus, India, Bangladesh, Turkey, Iran, and China.159 Iran 

and India have purchased VVER-1000 Generation III reactors with a capacity of approximately 1,000 

MWe each. It is the most common VVER design in operation today.160 The VVER-1200, a Generation 

III+, has been purchased by Belarus, Bangladesh, Turkey, and China, and has a capacity of 1,100-

1,200 MWe. VVER reactor designs have little technological difference from other PWRs on the market 

(the primary distinguishing factor among reactors is the package that is offered with them). Of the 

technical differences that do exist, Rosatom lists high-capacity pressurisers, horizontal steam 

generators, hexagonal fuel assemblies, and the fact that the reactor is not penetrated from the 

bottom.161 Pressurisers regulate the primary cooling system for the reactor, and the VVER design allows 

for a large inventory of coolant. Steam generators are typically vertical in other PWR designs. The 

VVER’s horizontal steam generators are meant to avoid issues such as denting and primary water 

stress-corrosion cracking.162 The hexagonal fuel assemblies are a design trademark of VVERs as other 

PWR fuel assemblies are arranged in a square. However, retrofitting fuel rod assemblies is not 

impossible and Westinghouse has become an alternative supplier to VVER fuel assemblies to countries 

such as Ukraine.163 PWR reactor pressure vessels (RPVs) are usually penetrated from the bottom head 

with penetration tubes, but these tubes in a VVER penetrate from the side.164 The safety of either 

method is debatable as penetration from the bottom allows for tubes to benefit from gravity releasing 

them from the RPV in case of a core meltdown, whilst the danger of bottom penetration means that 

molten corium165, which is relocated to the lower head of the RPV in a meltdown, may be discharged 
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into the containment environment.166 In most PWRs, this risk is lowered by thickness of the tube and 

sufficient thermal margin.167   

The primary competitive advantage of reactors on the market is less related to design and more related 

to the packages offered to clients.  Rosatom has the ability to provide all aspects of engineering, 

construction, technical support of NPPs holding their reactors, front to back-end fuel cycle supply, as 

well as financing and loan options provided by the Russian state.168 Rosatom calls this package its 

‘integrated solution’ for international customers.169 As discussed later in this report, one of the most 

attractive features of Rosatom’s package is the option to take back spent nuclear fuel—a feature that 

is a major advantage to states adopting nuclear energy for the first time who would not possess the 

long-term storage capabilities necessary for maintaining spent nuclear fuel. Rosatom’s contracts are 

usually based on a turnkey model, often used when the client does not hold experience in operating a 

nuclear reactor. This model conveys full responsibility for the NPP project, including site preparation, 

infrastructure, commissioning, and management, to Rosatom until the plant reaches commercial 

status.170 After this point, Rosatom continues to be involved through its subsidiaries in lifetime fuel 

supply and waste management and in providing design expertise, advice and project design 

management to customers.171 Loan repayment to Russia will ensue over this period and renegotiations 

of the terms and schedule are common. For example, Hungary has sought modifications to its USD $12 

billion loan for two VVER-1200 reactors to delay repayment until after the reactors begin generating 

electricity; similarly, the Russian government agreed to restructure the loan to Belarus with an extension 

of the period of use, a fixed interest rate, and a deferred repayment date.172  The cost of a Russian 

VVER varies depending on negotiations between parties but has been seen to range from USD $5.8 

billion (India’s Kudankulam NPP with type AES-92, also known as VVER-1000) to USD $13 billion 

(Bangladesh’s Rooppur NPP with the VVER-1200 design).173 It is important to bear in mind that the 

exact costs of reactors are typically kept confidential and vary from contract to contract.174 For example, 

at Turkey’s Akkuyu NPP, where four VVER-1200 reactors are planned to operate by 2026, Rosatom 

holds a 99.2% stake via its subsidiary, Akkuyu Nükleer, which is responsible for designing, constructing, 

maintaining, operating, and decommissioning the plant. 175  The total cost for all four reactors is 

estimated to reach USD $20-25 billion.176 Conversely, Iran’s Bushehr NPP provided by Rosatom and 
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equipped with a VVER-1000 reactor is reported to have cost USD $11 billion.177 A second reactor is 

under construction and reportedly will cost USD $10 billion.178  

Chinese reactor exports in the past have been based on the indigenous CNP-300 to Pakistan, but only 

with 300 MWe capacity, and the CAP1400 PWR based on Westinghouse’s AP1000 design but made 

with Chinese components.179 Today’s reactor exports by China centre on promoting the Hualong One 

PWR with 1,150 MWe capacity. Unlike in Russia, three companies construct NPPs: the Chinese 

National Nuclear Corporation (CNNC), China Guangdong Nuclear (CGN), and the State Power 

Investment Corporation (SPIC). CNNC and CGN lead in NPP export and jointly designed the Hualong 

One (called HPR1000 by CGN). Two Hualong One reactors, the first to be exported, are currently under 

construction by CNNC at the Karachi Coastal NPP in Pakistan with an estimated cost of USD $9.6 

billion.180 At the time of writing, this is the only construction site for an NPP provided by China, with 

several planned and promised or under negotiation. 181  Like Rosatom, CNNC provides complete 

construction of NPPs and is the closest competitor to Rosatom’s export capabilities. Owned by the 

state, CNNC reactor exports are considered to be a part of the strategic Belt and Road Initiative and 

enjoy financial backing which enables the corporation to offer a competitive financing option. 182 

However, the competitiveness of Hualong One in the international export market has yet to fully prove 

itself. A major market disadvantage for Chinese companies is not being able to offer competitive export 

packages for reactor designs with radioactive waste and spent fuel management options as Rosatom 

does. Waste management by taking back spent fuel is unique to Rosatom’s business model,183 but 

there is as yet no fuel reprocessing facility in China capable of reprocessing spent fuel from its exported 

reactors. (Discussions have been in place since 2018 with France on the possibility of constructing such 

a facility).184 This means that the clients must construct storage systems for long term management of 

spent nuclear fuel. Although interim systems are common (these are large pools which remove decay 

heat), 185  long term dry storage facilities are usually provided for clients of Rosatom through the 

repatriation of spent fuel for storage in Russia.186 With a reactor imported from CNNC, Pakistan must 

design, construct, and approve its own reprocessing and storage facilities.187 

Until recently, the United States, where nuclear energy companies are not state-owned, has not 

exported reactors or been involved in supplying NPPs despite being considered a leader in nuclear 

technology development. However, this is changing with the reauthorisation of exporting nuclear 
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technology by EXIM in 2019 as mentioned above.188 American nuclear energy companies may now 

offer competitive loans and financing options to their clients abroad,  while the US government intends 

to make the American nuclear industry a competitor with China and Russia in the nuclear export 

market.189 As yet the United States, or American nuclear energy companies, have not secured an 

agreement with a foreign partner to construct an NPP or provide a reactor. Poland has yet to release a 

bid for vendors seeking to provide  reactors and construct any NPPs, although it is likely that American 

companies will be involved. There have already been discussions between NuScale, a private SMR 

company in the USA, and Poland’s KGHM on potential small modular reactors (SMRs).190 Romania’s 

decision to halt its agreement with China in exchange for cooperation with the US in its nuclear energy 

programme has led to a plan, as of November 2021, for NuScale to construct an SMR in addition to 

support completion of the CANDU-6 reactors at the Cernavoda NPP.191 At the time of writing, the cost 

of SMR construction in either Poland or Romania has yet to be released. Such figures are usually kept 

confidential during negotiations and sometimes even after construction. Most recently, US company 

Westinghouse signed an agreement with Ukraine in November 2021 to construct five new AP1000 

reactors with 1,250 MWe capacity. 192  This is the most substantial advance for American nuclear 

technology export in decades. Although official specifications have yet to be released project costs are 

expected to be USD $30 billion. It is not yet clear what additional provisions will be included in the 

project. 

France’s Framatome and EDF Energy are currently involved in constructing an Evolutionary Power 

Reactor (a.k.a. European Pressurised Reactor, or EPR) in Finland and two in the UK at Hinkley Point 

C. Like the VVER and Hualong One designs, the EPR is a PWR with a 1,750 MWe capacity (a bit more 

than the VVER’s 1,200 MWe and the Hualong One’s 1,150 MWe).193 At present, it is estimated that 

Finland’s EPR will cost USD ~$9.6 billion.194 Conversely, despite being the same design, the EPR and 

construction at Hinkley Point C is predicted to cost USD ~$26.8 billion. However, this price tag is 

exceptionally high and rare, because of what is considered poor negotiating on the part of the British 

government with EDF Energy in 2016 about project funding. 195  Ownership of British Energy was 

transferred to EDF, with eight UK NPPs and a promise to construct four more, including Hinkley Point 

C. The guaranteed price to EDF for each unit of energy which Hinkley Point C produces was set at 

£92.50 per MWh, with UK taxpayers paying the difference if the wholesale price of electricity in the UK 

were to fall below that price.196 Because of the inflation rate, increasing costs due to delays during the 

COVID-19 pandemic, and extra costs associated with the one-off construction and acquisition of supply 

chain capabilities and personnel training, among others have contributed to the unprecedented and 

unpredicted costs.197  
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Korea actively markets its nuclear technology and is currently supplying two of its APR-1400 reactor 

designs to the United Arab Emirates. Two reactors are, at the time of writing, under construction at the 

Barakah NPP whilst two have already been completed there and are operating. The Barakah NPP is 

UAE’s first and only nuclear power plant. APR-1400 reactors hold a 1,450 MWe capacity and were 

designed by Korea Hydro & Nuclear Power (KHNP), a subsidiary of the government-owned Korea 

Electric Power Corporation (KEPCO). The original contract with UAE to supply the first four reactors at 

the Barakah NPP as well as personnel training and support and fuel supply was set to cost USD $20.4 

billion.198 Beyond the UAE, the AP-1400 has received approval to expand into European markets.199 

5. Conclusions 

This paper is intended to highlight the importance of nuclear energy in the global energy transition 

debate and to aid analysis of the arguments both for and against the adoption of nuclear energy. The 

primary motivations for nuclear energy in the countries currently constructing nuclear power plants or 

purchasing reactors for electricity generation found in this report are related (one or more) to climate 

change, energy security, and foreign relationships, with each of these motivations holding their 

respective nuances.  

Climate change motivations are applicable in nearly all cases, whilst energy security and foreign 

relationship motivations are prominent. The primary focus has been on state motivations for reactors 

currently under construction and identifying the differences between domestic and imported reactors 

for electricity generation. Further study is necessary as states continue to express interest in future 

research and development and engaging in the market for reactors either as vendors or clients, or in 

other capacities. Although some have argued that a possible motivation for adopting nuclear energy is 

to develop nuclear weapons capabilities, spent fuel from civil reactors does not contain weapons-grade 

plutonium and it is illegal for non-weapons states who have signed the Treaty on the Non-Proliferation 

of Nuclear Weapons (NPT) to develop such capabilities. India, Pakistan and Israel are the only non-

signatories to the NPT who hold significant unsafeguarded nuclear activities, and only India and 

Pakistan use nuclear energy (Israel does not have any NPPs).200 Furthermore, both India and Pakistan 

have an established history of responsible civil nuclear behaviour and both of are voluntarily subjected 

to regular IAEA safeguards because they possess nuclear weapons. 201   Work is also needed to 

comparing the findings of this report with past motivations for obtaining nuclear energy capability. 

In the decades ahead, it can be expected that nuclear energy for electricity generation purposes will 

remain a significant component of the global energy mix, with states choosing to continue or begin using 

nuclear energy for various reasons. The current war in Ukraine will have, and indeed already has had, 

an effect on how states view their energy security. This has affected governments decisions to replace 

oil and natural gas in their energy mix. As a result, more reliance has been placed on maintaining the 

current share of nuclear, accelerating the development of renewables, and accessing domestic sources 

                                                      

 
198 World Nuclear Association, “Nuclear Power in South Korea,” World Nuclear Association, 2021, https://world-

nuclear.org/information-library/country-profiles/countries-o-s/south-korea.aspx; World Nuclear Association, “Nuclear Power in 

the United Arab Emirates,” World Nuclear Association, 2021, https://www.world-nuclear.org/information-library/country-

profiles/countries-t-z/united-arab-emirates.aspx. 
199 World Nuclear News, “South Korea’s AP1400 Clear for European Export.” 
200 World Nuclear Association, “Safeguards to Prevent Nuclear Proliferation,” World Nuclear Association, April 2021, 

http://www.world-nuclear.org/information-library/safety-and-security/non-proliferation/safeguards-to-prevent-nuclear-

proliferation.aspx. 
201 Ibid.; Jeffrey S. Lantis, “Nuclear Cooperation with Non-NPT Member States? An Elite-Driven Model of Norm Contestation,” 

Contemporary Security Policy 39, no. 3 (2018): 399–418, https://doi.org/10.1080/13523260.2017.1398367; T. V. Paul, Deborah 

Welch Larson, and William C. Wohlforth, Status in World Politics, Status in World Politics, 2014, 

https://doi.org/10.1017/CBO9781107444409; Nicola Leveringhaus and Kate Sullivan De Estrada, “Between Conformity and 

Innovation: China’s and India’s Quest for Status as Responsible Nuclear Powers,” Review of International Studies 44, no. 3 

(2018): 482–503, https://doi.org/10.1017/S0260210518000013; Rajesh Basrur and Kate Sullivan de Estrada, Rising India 

(London; New York: Routledge, 2017), https://doi.org/10.4324/9781315227825. 
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of hydrocarbons.202 There has been an increasing call to ‘rapidly reduce’ the reliance on Russian natural 

gas imports to Europe and maximise the use of nuclear energy.203 Therefore, it can be expected that 

attention towards extending the lifetimes of ageing reactors will increase in Europe in the short term 

and that plans to construct new NPPs will appear as long term solutions to decreasing dependence on 

Russian imports. At the time of writing, it is too soon to offer expectations beyond this for what exactly 

the crisis may mean for the role of nuclear energy and for the global energy transition as whole, but that 

there will be an effect is indisputable. It is on this note that the findings of this report aim to encourage 

another wave of analysis on a topic that could be vital for our zero-carbon future. 

 

 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      

 
202 Nathan Stirk, “Climate Change: EU Unveils Plan to End Reliance on Russian Gas,” BBC News, 2022, 

https://www.bbc.co.uk/news/science-environment-60664799; Maev Campbell, “What Are Europe’s Energy Alternatives Now 

That Russian Gas Is off the Cards?,” Euronews, 2022, https://www.euronews.com/green/2022/03/11/europe-scrambles-to-

keep-the-lights-on-as-it-sidelines-russian-gas; Nina Chestney, “Factbox: What Are Europe’s Options in Case of Russian Gas 

Disruption?,” Reuters, 2022, https://www.reuters.com/business/energy/what-are-europes-options-case-russian-gas-disruption-

2022-02-15/. 
203 World Nuclear News, “Reconsider Nuclear Shutdowns to Cut Gas Imports, IEA Tells EU,” World Nuclear News, March 3, 

2022, https://www.world-nuclear-news.org/Articles/Reconsider-nuclear-shutdowns-to-cut-gas-imports,-I. 
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Appendix: Key definitions and concepts 

Client states / clients: states purchasing nuclear reactor technology from a foreign corporation. 

Vendor states: states with a nuclear industry, either private or state-backed, that is capable of exporting 

nuclear technology abroad (e.g. Russia, China, the United States, France, Korea, among others) 

Vendors: corporations selling nuclear reactor technology abroad (e.g. Westinghouse, Rosatom, CGN, 

CNNC, among others). 

Renewable energy/renewables: energy whose source is inexhaustible. This includes hydroelectricity, 

geothermal energy, wind energy, biomass, and solar energy.204 

Clean energy: energy that does not emit greenhouse gases in the extraction of energy from the source. 

(This does not include the manufacturing process for the steel, concrete, and other material structures 

to build energy infrastructure. Nuclear energy is included in this definition along with renewables.205 

IEA: International Energy Agency 

IAEA: International Atomic Energy Agency 

EDF: Électricité de France 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      

 
204 This is the commonly accepted definition of renewables with my own wording applied. For similar definitions, see the 

following sources: https://www.edfenergy.com/for-home/energywise/renewable-energy-sources; 

https://dictionary.cambridge.org/dictionary/english/renewables; https://www.iea.org/fuels-and-technologies/renewables  
205 Nuclear energy is generally considered a clean source of energy, although not a renewable source of energy. See IEA, 

“Nuclear Power in a Clean Energy System.” 
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Appendix: Nuclear energy and net zero targets 

Below are the author’s calculations of the approximate number of reactors that need to be constructed 

by 2030 in order for the world to be on a path to reach the NZE2050 and the IPCC 1.5 °C Scenarios. 

The rated electrical power outputs (GWe) of new reactor units range from 29 MWe to 1,720 MWe. Here 

I assume an average rated power output of 1.1 GWe for new reactors (see footnotes for more 

information).206 It is also important to take into account the decommissioning of current reactors. Given 

that 133 reactors in operation today are more than 40 years old, it is reasonable to assume they will be 

decommissioned in the next decade or so. The following estimates do not include any lifetime 

extensions of current reactors as this is not possible to predict.  

𝑪𝒐𝒎𝒎𝒆𝒓𝒄𝒊𝒂𝒍 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒏𝒈 𝒊𝒏 𝟐𝟎𝟐𝟐 = 𝟒𝟑𝟗 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔 = 𝟑𝟗𝟎. 𝟔𝟐𝟕 𝑮𝑾𝒆 𝒊𝒏𝒔𝒕𝒂𝒍𝒍𝒆𝒅 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚207 

 
𝟑𝟗𝟎. 𝟔𝟐𝟕 𝑮𝑾𝒆

𝟒𝟑𝟗 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔
= 𝟎. 𝟖𝟗 𝑮𝑾𝒆 = 𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑮𝑾𝒆 𝒊𝒏𝒔𝒕𝒂𝒍𝒍𝒆𝒅 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚 𝒑𝒆𝒓 𝒓𝒆𝒂𝒄𝒕𝒐𝒓 

 

To calculate the additional GWe that will need to be replaced with the decommissioning of reactors that 

are more than 40 years old, I multiply the number of reactors (133) by today’s average GWe installed 

capacity (0.89). 

𝟏𝟑𝟑 𝒐𝒍𝒅 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔 ∗ 𝟎. 𝟖𝟗 = ~𝟏𝟏𝟖 𝑮𝑾𝒆 𝒏𝒆𝒆𝒅𝒆𝒅 𝒕𝒐 𝒎𝒂𝒊𝒏𝒕𝒂𝒊𝒏 𝒕𝒉𝒆 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 𝒂𝒗𝒆𝒓𝒂𝒈𝒆  

 

The capacities of Generation IV reactors range from above 1 GWe for Advanced Modular Reactors to 

up to 300 MWe for Small Modular Reactors.208 I assume that the average GWe capacity of reactors 

built between now and 2030 will be 1.1 GWe. On this basis the number of reactors needed to replace 

the ~118 GWe that will be decommissioned would be: 

 
𝟏𝟏𝟖𝑮𝑾𝒆

𝟏. 𝟏𝑮𝑾𝒆
= 𝟏𝟎𝟕 𝒏𝒆𝒘 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔 𝒏𝒆𝒆𝒅 𝒕𝒐 𝒓𝒆𝒑𝒍𝒂𝒄𝒆 𝒂𝒈𝒆𝒊𝒏𝒈 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔 

 

NZE2050 Scenario: need 235 new reactors by 2030 

 

According to the IEA’s Outlook on Net Zero Emissions by 2050 (NZE2050), which sets out targets for 

achieving global net zero CO2 emissions by this date, nuclear generation globally is expected to 

increase from 390.627 GWe by 36% between 2019 and 2030. In order to achieve these targets, I have 

calculated below that approximately 235 reactors are needed in the next eight years, as follows: 

𝟑𝟗𝟎. 𝟔𝟐𝟕 𝑮𝑾𝒆 ∗ . 𝟑𝟔 = 𝟏𝟒𝟎. 𝟔𝟑 𝑮𝑾𝒆 𝒂𝒅𝒅𝒊𝒕𝒊𝒐𝒏𝒂𝒍 𝒊𝒏𝒔𝒕𝒂𝒍𝒍𝒆𝒅 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚 𝒃𝒚 𝟐𝟎𝟑𝟎 

 

Using the assumption of 1.1 GWe capacity per reactor, the estimated number of new reactors required 

is: 

(
𝟏𝟒𝟎. 𝟔𝟑 𝑮𝑾𝒆

𝟏. 𝟏
= ~𝟏𝟐𝟖 𝒏𝒆𝒘 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔) + 𝟏𝟎𝟕 𝒓𝒆𝒑𝒍𝒂𝒄𝒆𝒎𝒆𝒏𝒕 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔

= ~𝟐𝟑𝟓 𝒏𝒆𝒘 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔 𝒕𝒐𝒕𝒂𝒍 𝒇𝒐𝒓 𝑵𝒁𝑬𝟐𝟎𝟓𝟎 𝑺𝒄𝒆𝒏𝒂𝒓𝒊𝒐 

 

                                                      

 
206 IAEA, “Power React. Inf. Syst.”; World Nuclear Association, “Plans For New Reactors Worldwide,” World Nuclear 

Association, 2022, https://world-nuclear.org/information-library/current-and-future-generation/plans-for-new-reactors-

worldwide.aspx. 
207 At time of writing. IAEA, “Power React. Inf. Syst.” 
208 Although many of them are physically smaller in size than Generation III and III+ reactors, Small Modular Reactors are 

defined by their output capacity according to IAEA as those with 300 MWe equivalent capacity or less. 
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IPCC 1.5 °C Scenario: needs 320 new reactors by 2030 

Additionally, in the UN’s Intergovernmental Panel on Climate Change (IPCC) 1.5 °C  Scenario, nuclear 

generation is forecast to increase by 60% between 2019 and 2030. This means that an additional 320 

reactors, including replacement reactors for those decommissioned in this period, would need to be 

constructed.   

𝟑𝟗𝟎. 𝟔𝟐𝟕 𝑮𝑾𝒆 ∗ . 𝟔𝟎 = 𝟐𝟑𝟒. 𝟑𝟖 𝑮𝑾𝒆 𝒂𝒅𝒅𝒊𝒕𝒊𝒐𝒏𝒂𝒍 𝒊𝒏𝒔𝒕𝒂𝒍𝒍𝒆𝒅 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚 𝒃𝒚 𝟐𝟎𝟑𝟎 

Given that the capacity of reactors built between now and 2030 is estimated to be 1.1 GWe per reactor, 

the following number of new reactors are needed, including  reactors needed to replace the estimated 

number of decommissioned reactors: 

(
𝟐𝟑𝟒. 𝟑𝟖 𝑮𝑾𝒆

𝟏. 𝟏
= ~𝟐𝟏𝟑 𝒏𝒆𝒘 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔) + 𝟏𝟎𝟕 𝒓𝒆𝒑𝒍𝒂𝒄𝒆𝒎𝒆𝒏𝒕 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔

= 𝟑𝟐𝟎 𝒏𝒆𝒘 𝒓𝒆𝒂𝒄𝒕𝒐𝒓𝒔 𝒕𝒐𝒕𝒂𝒍 𝒇𝒐𝒓(𝑰𝑷𝑪𝑪) 𝟏. 𝟓 °𝑪  𝑺𝒄𝒆𝒏𝒂𝒓𝒊𝒐  
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Appendix: Exported nuclear power reactors under construction in 2022209 

                                                      

 
209 Exported here is defined by the origin of the reactor design. The list does not included reactors that are planned for 

construction, only currently under construction. The table was compiled by the author using the following resources: IAEA, 

“Under Construction Reactors”; IAEA, “Power React. Inf. Syst.”; Rosatom, “Projects,” Rosatom, 2021, 

https://rosatom.ru/en/investors/projects/; World Nuclear Association, “Country Profiles,” 2021, https://world-nuclear.org/. 
210 Slovenské elektrárne, “Mochovce 3 & 4 Constructiontion.” 

Country Location Design Quantity Net Output 

Capacity  

Origin of design — 

construction 

Slovakia Mochovce NPP VVER-440 2 reactors 440 MWe 

(each) 

Russian design —

construction jointly between 

Russia’s Atomstroyexport 

and Czech and Slovak 

companies210 

Bangladesh Rooppur NPP VVER-1200 2 reactors 1,080 MWe 

(each) 

Russian design — Rosatom 

Belarus Astravets NPP VVER-1200 1 reactor  1,110 MWe  Russian design — Rosatom 

China Xudabao NPP  

Tianwan NPP   

VVER-1200  

 

2 reactors 

 

1 reactor 

1,100 MWe 

(each) 

1,100 MWe 

Russian design — Rosatom 

Finland Olkiluoto EPR 1 reactor 1,600 MWe French design (Framatome 

and Électricité de France 

(EDF)) — constructed by 

French-German consortium 

Areva-Siemens 

India Kudankulam 

NPP 

VVER-1000 4 reactors 917 MWe 

(each) 

Russian design —Rosatom 

Iran Bushehr NPP VVER-1000 1 reactor 915 MWe Russian design —Rosatom 

Pakistan Karachi NPP Hualong One 

(ACP1000) 

1 reactor  1,014 MWe Chinese design — China 

National Nuclear 

Corporation (CNNC) 

Turkey Akkuyu NPP VVER-1200 4 reactors 1,114 MWe 

(each) 

Russian design — Rosatom 

Ukraine Khmelnytskyi 

NPP 

VVER-1000 2 reactors 1,035 MWe 

(each) 

Russian design — 

construction by Energoatom 

(Ukrainian)  

United Arab 

Emirates 

Barakah NPP APR-1400 2 reactors 1,345 MWe 

(each) 

Korean design — 

construction by Emirates 

Nuclear Energy Corporation 

(ENEC) and design, 

construction and 

operation by Korea Electric 

Power Corporation 

(KEPCO) & consortium  

United 

Kingdom 

Hinkley Point C EPR 2 reactors 1,630 MWe 

(each) 

French design (EDF Energy 

and Framatome) — 

construction by EDF 
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Appendix: Motivations and the roles of exported nuclear power reactors under 
construction in 2021211 

Country Excerpts of motivations and applications212 

Slovakia  ‘…contributing to the EU plan of carbon 

neutrality by 2050’213 

 ‘…compensate for the capacity to…shut 
down…[the] Novaky lignite-burning 

plant…’214 

 ‘…become self-contained in terms of 

domestic electricity supplies’215 

 Export electricity generated from 

Slovakian reactors216 

Bangladesh  ‘…cooperation with the two countries 
[Russia and India] and gain from their 

experiences’217 

 Economic growth: ‘ease the power crisis 

that hampers our economic activities’218 

Belarus  Reduce gas imports from Russia219 

 Possible electricity export220 

 ‘…acquire cheap energy’221 

China  ‘exemplary project for Sino-Russian 

cooperation’222 

 ‘create an example of global nuclear 

energy cooperation’223 

 Example of a ‘fairer, more balanced and 
accessible, more open global energy 
management system, and offer more 
solutions for global energy 

management’224 

                                                      

 
211 This table has been compiled by the author using selected excerpts characterising the main themes in official discourse. 

Exported here is defined by the origin of the reactor design. 
212 According to the purchasing state official and elite discourse. Excluding public opinion and/or the motivations of foreign 

entities. 
213 Yar, “Slovakia Ready to Launch New Nuclear Power Plant Unit.” 
214 Slovenské elektrárne, “Mochovce 3 & 4 Constructiontion.” 
215 Ibid. 
216 World Nuclear News, “New Nuclear Reactor Will Make Slovakia a Power Exporter.” 
217 Chaudhury, “India, Russia, Bangladesh Sign Tripartite Pact for Civil Nuclear Cooperation.” 
218 BBC News, “Bangladesh Agrees Nuclear Power Deal with Russia,” BBC, November 2, 2011, 

https://www.bbc.co.uk/news/world-asia-15552687. 
219 BelTA, “Belarus Plans to Reduce Gas Imports.” 
220 BelTA, “Ways to Export More Belarusian Electricity to EAEU under Consideration,” Belarusian Telegraph Agency, April 2, 

2020, https://eng.belta.by/economics/view/ways-to-export-more-belarusian-electricity-to-eaeu-under-consideration-129474-

2020/. 
221 President of the Republic of Belarus, “Alexander Lukashenko Holds Meeting with IAEA Director General,” Official Internet 

Portal of the President of the Republic of Belarus, 2012, http://www.president.gov.by/en/news_en/view/alexander-lukashenko-

holds-meeting-with-iaea-director-general-85/. 
222 Nuclear Engineering International, “Construction Begins of New Units at China’s Tianwan and Xudabao NPP,” Nuclear 

Engineering International, May 20, 2021, https://www.neimagazine.com/news/newsconstruction-begins-of-new-units-at-chinas-

tianwan-and-xudabao-npps-8757260. 
223 Ibid. 
224 Ibid. 
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 ‘combat climate change’225 

 ‘China-Russia nuclear cooperation has 
a great political and strategic 
significance. It's even more strategic 

than military cooperation’226 

Finland  Cost efficiency227 

 Security of electricity supply228 

 ‘contribute to the reduction of 

greenhouse gas emissions’229 

 ‘reduce energy import dependency’ 

during winter months230 

India  Increase electricity generation capacity 

for domestic use231 

 ‘reducing the gap in the demand and 

supply of energy’232 

 Climate friendly233 

 Financially attractive234 

Iran  ‘reliable electricity’235 

 Financial and resource savings: ‘saves 
[Iran] 11 million barrels of oil or $660 

million (€599 million) per year’236 

 ‘prevent the emission of more than 21 

million tonnes of pollutant gasses’237 

Pakistan  ‘risk due to climate change’238 

 ‘clean, reliable and affordable power 
generation [to…] bring economic 

benefits to the country’239 

 Cooperation with China: ‘China and 
Pakistan have been extending support 
to each other and cooperating in various 

                                                      

 
225 Ibid. 
226 Chu Daye and Yang Sheng, “Xi, Putin Witness Key Nuclear Energy Project Groundbreaking; Cooperation Has Strategic 

Significance,” Global Times, May 19, 2021, https://www.globaltimes.cn/page/202105/1223955.shtml. 
227 Afry, “Finnish Energy – Low Carbon Roadmap.” 
228 Ibid. 
229 Ministry of Economic Affairs and Employment, “The Government Granted an Operating Licence to the Nuclear Power Plant 

Unit Olkiluoto 3.” 
230 Ibid. 
231 Department of Atomic Energy, “Strategy for Growth of Electricity in India,” Government of India, 2020, 

https://dae.gov.in/node/123. 
232 Ibid. 
233 Ibid. 
234 Ibid. 
235 DW Akademie, “Iran Starts Building New Nuclear Reactor at Bushehr.” 
236 Ibid.; Power Engineering International, “Tehran, Moscow Begin Construction of Bushehr Nuclear Reactor,” Power 

Engineering International, November 11, 2019, https://www.powerengineeringint.com/nuclear/tehran-moscow-begin-

construction-of-bushehr-nuclear-reactor/. 
237 Nuclear Engineering International, “2019 - November - Work Begins.Pdf,” Nuclear Engineering International, 2019, 

https://www.neimagazine.com/news/newswork-begins-on-unit-2-of-irans-bushehr-npp-7508058. 
238 Syed Hassan, “Pakistan’s Largest Chinese-Built Nuclear Plant to Start Operating,” Reuters, May 21, 2021, 

https://www.reuters.com/business/energy/pakistans-largest-chinese-built-nuclear-plant-start-operating-2021-05-21/. 
239 World Nuclear News, “2021 - May - Karachi Unit 2 Inaugurated.Pdf.” 
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fields including the peaceful use of 
nuclear energy’ said at the inauguration 

of the Karachi NPP240 

Turkey  Enter the ‘league of nuclear energy 

countries’241 

 ‘symbol of Turkish-Russian 

cooperation’242 

 Security in energy supply243 

 Nuclear energy club? ‘…become among 

those with nuclear power in 2023…’244 

Ukraine  ‘nuclear renaissance’245 

 Emphasis on electricity export246 

 ‘…be among the first [in nuclear 
energy], both in Europe and in the 

world.’247 

 Nuclear as eventual base for ‘all energy 

in Ukraine’248 

United Arab Emirates   Energy mix diversification249 

 ‘transition to cleaner energy sources’250 

 ‘sustainable socio-economic 

development’251 

United Kingdom  ‘fight against climate change’ in the 

‘journey to net zero’252 

 ‘secure’ supply of electricity253 

 Financial affordability254 

 
  

                                                      

 
240 Jamal, “Pakistan Prime Minister Khan Inaugurates 1,100 MW Karachi Nuclear Power Plant.” 
241 Koseoglu, “Turkey’s Nuclear Power Dilemma.” 
242 Ibid. 
243 Hamit, Aydin, and Teslova, “Turkey’s Nuclear Power Plant to Produce 10% of Electricity Need.” 
244 Ibid. 
245 World Nuclear News, “Khmelnitsky Expansion Part of European ‘Renaissance’, Says Energoatom Chief.” 
246 World Nuclear News, “Ukraine Must Expand Nuclear Energy , Says President.” 
247 Ibid. 
248 Ibid. 
249 Emirates Nuclear Energy Corporation, “Barakah Nuclear Energy Plant.” 
250 World Nuclear News, “UAE’s First Nuclear Unit Starts Commercial Operation,” World Nuclear News, April 6, 2021, 

https://world-nuclear-news.org/Articles/UAE-s-first-nuclear-unit-starts-commercial-operati. 
251 Ibid. 
252 World Nuclear News, “Hinkley Point C Delayed until at Least 2026,” World Nuclear News, 2021, https://world-nuclear-

news.org/Articles/Hinkley-Point-C-delayed-until-at-least-2026; World Nuclear News, “UK Premier Reiterates Support for 

Nuclear,” World Nuclear News, July 16, 2020, https://www.world-nuclear-news.org/Articles/UK-premier-reiterates-support-for-

nuclear. 
253 The Committee of Public Accounts, “The Government’s Decision to Support Hinkley Point C.” 
254 Ibid.; NAO, “Hinkley Point C Report,” National Audit Office, no. June (2017), https://www.nao.org.uk/wp-

content/uploads/2017/06/Hinkley-Point-summary.pdf. 
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Appendix: Countries constructing reactors of domestic design origin in 
2022255 

  

                                                      

 
255 World Nuclear Association, “Country Profiles.” 
256 CAREM is being built at an adjacent site to the Atucha nuclear power plant. 
257 Also known as Shidaowan NPP 
258 Also known as Pressurised Heavy Water Reactor (PHWR). 

Country Location Design Quantity Net Output 

Capacity 

Argentina  Atucha NPP256 CAREM-25 (SMR) 1 25 MWe  

China Shidao Bay NPP257 

Hongyanhe NPP 

Xiapu NPP 

Zhangzhou NPP 

Taipingling NPP 

San'ao NPP 

Changjiang NPP 

Changjiang NPP 

Fangchenggang NPP 

CAP1400 

ACPR-1000 

CFR-600 

Hualong One 

Hualong One 

Hualong One 

Hualong One 

ACP100 (SMR) 

Hualong One 

2 

1 

2 

2 

2 

2 

2 

1 

2 

1,400 MWe (each) 

1,061 MWe 

600 MWe (each) 

1,126 MWe (each) 

1,116 MWe (each) 

1,117 MWe (each) 

1,100 MWe (each) 

125 MWe 

1,000 MWe (each) 

France Flamanville NPP EPR 1 1,630 MWe 

India Kakrapar NPP 

Madras NPP 

Rajasthan NPP 

PHWR-700 

PFBR 

IPHWR-700258 

1 

1 

2 

630 MWe 

470 MWe 

630 MWe 

Russia Kursk NPP 

Seversk 

VVER-TOI 

BREST-300 

2 

1 

1,175 MWe 

300 MWe 

South Korea Shin Hanul NPP 

Shin Kori NPP 

APR-1400 

APR-1400 

2 

2 

1,340 MWe (each) 

1,340 MWe (each) 

USA Vogtle NPP AP-1000 2 1,117 MWe (each) 
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Appendix: Motivations and the roles of domestic design nuclear power 
reactors under construction in 2021259 

Country Excerpts of motivations and applications 

Argentina  Supports Argentina towards world 

leadership in SMRs260 

 The first SMR to reach the construction 

stage in 2014261 

 Enable Argentina to commercialise 

SMRs for the international market262 

China  Innovation and modernisation via 

nuclear power construction projects263 

 Enhance energy security and self-

reliance on nuclear technology264 

 Achieve carbon neutrality265 

 

France  Maintenance of a degree of nuclear in 
France’s energy mix as older reactors 
are decommissioned in good time 

 Support the transition to renewables 

India  Indian-ness and national pride 

 Ensure energy security 

 Meet clean energy commitments  

Russia  Maintain nuclear share in the energy 
mix in the ‘low-carbon restructuring of 

Russia’s energy sector.’266 

 Demonstrate VVER-TOIs for eventual 
export 

South Korea  ‘…[R]ecover the ecosystem of nuclear 
power generation and advance safe 
nuclear technologies so that they can 
become a core engine to drive the 

country’267 

 Export at least 10 NPPs abroad by 

2030268 

                                                      

 
259 This table has been compiled by the author using selected excerpts characterising the main themes in official discourse. 
260 Comisión Nacional de Energía Atómica, “Reactor argentino CAREM,” National Atomic Energy Commission of Argentina. 

Accessed 2 August 2021. https://www.argentina.gob.ar/cnea/carem 
261 Ibid. 
262 Morales Pedraza, Small Modular Reactors for Electricity Generation : An Economic and Technologically Sound Alternative. 
263 The National People’s Congress, “The 14th Five-Year Plan for National Economic and Social Development and the Long-

Range Objectives Through the Year 2035,” The National People’s Congress of China (2021). Accessed 7 August 2021. 

Available in Chinese online at http://www.gov.cn/xinwen/2021-03/13/content_5592681.htm 
264 Ibid. Swennen, China’s Energy Revolution in the Context of the Global Energy Transition; Beijing Review, “Hualong One 

Lays the Foundation for Homegrown Nuclear Power Technology Standards.” 
265 Beijing Review, “Hualong One Lays the Foundation for Homegrown Nuclear Power Technology Standards.” 
266 Vladimir Likhachev, “И Того и Другого и … Можно Без Эмоций? К Дискуссии о ВИЭ и Атомной Энергетике,” Russian 

International Affairs Council Analytics and Comments, March 2021, https://russiancouncil.ru/analytics-and-

comments/analytics/i-togo-i-drugogo-i-mozhno-bez-emotsiy/. 
267 Rogers, “South Korea’s New President Wants Nuclear U- Turn.” 
268 Ibid. 
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 Reduce carbon emissions and increase 

energy security269 

USA  Begin a ‘new American energy era’270 

 ‘energy security, economic 

security,…national security’271 

 Reduce carbon emissions  

 ‘Show the rest of the world how America 
leads in the energy front’ and ‘establish 
the United States as a leader in climate 

science, innovation, and R&D’272 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      

 
269 Ibid. 
270 U.S. Department of Energy, Secretary Perry Speaks at the Vogtle Nulcear Power Plant in Georgia. 
271 Ibid. 
272 Ibid.; The White House, “Fact Sheet: The American Jobs Plan.” 
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