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Executive Summary

Executive Summary

Any major economic or social transformation tends to be driven by 
technological innovation. The discovery of a new material or substance 
can create a completely new segment of the global economy. Or the 
reformulation of an existing process that delivers vastly different results. 
There are many examples, from the dawn of the Industrial Revolution 
to the current breakthroughs in the digital economy driven by artificial 
intelligence. And these breakthroughs are not limited to just new 
technologies, but also to those long-established. 

As global interest in new nuclear increases, the pace of technological 
innovation within the sector is accelerating at a rate not seen since the 
nuclear arms race of the last century. There is a sense of optimism returning 
to the sector. One characterised by a sense that, given the demands of a 
new global economy underpinned by an increasingly electricity-hungry 
technology sector, nuclear is back in vogue. And the scale of demand and 
expectation cannot be met solely by the current range of technologies 
on offer. And investment is following – global investment in nuclear is 
set to nearly double to $120bn a year by 2030.1 The focus of innovation 
is varied and broad. From changes to the core nuclear technology at the 
heart of many reactor designs to the materials being used in the fuel 
cycle. Companies are also looking at how experience on the ground in 
constructing projects can be improved, including through modularisation 
and new digital techniques. Tensions are emerging, such as simplification 
set against replication, but the central theme is clear – innovation must 
increase the pace and scale of civil nuclear build within the next decade. 

A rapid expansion in the pace of innovation now leaves policymakers 
and public funding agencies with a more complex landscape to navigate. 
Different technologies offer different benefits, but also different challenges. 
A breakthrough in one area, such as reactor design, can create complexity 
in another, such as the proliferation risk around highly enriched fuels. 
There are also tensions around national security goals, with the push for 
more sovereign technology, in a geopolitical environment where new 
technologies are being developed.

It is in this context that the UK Government must decide how it plans 
to turn its ambition to deliver a ‘Golden Age’ of nuclear into reality. 
How will it balance pace of delivery with cost-savings that could come 
from technological innovation over time? How will it balance domestic 
economic value against international harmonisation and scale? And how 
will it support a range of technologies to avoid a single point of failure, in 
a constrained fiscal environment? 1.	 Kaizen Institute, ‘Nuclear energy: A global 

industrial and energy trend gaining momen-
tum’, link

https://kaizen.com/insights/nuclear-energy-trends-2026/
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Given the complexity of the technology picture, this paper offers a 
summary of the current technology landscape as it is today. It considers 
the broad ‘families’ of nuclear technology available, as well as the different 
considerations for each in respect to civil deployment. It also offers some 
key reflections for today’s policymakers.

In sum, there is a need for more serious thought to be given to the 
technology assessment process moving forward.  The choices Government 
makes on technology will be a key factor in how successful any new 
programme may prove. 
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Civil Nuclear Technology: The 
Basics

At its core, civil nuclear power technology is simple. The process itself 
hasn’t changed fundamentally since the early days of civil nuclear power 
in the 1940s, and few technological innovations being considered would 
alter the core proposition.

It is a sophisticated method of boiling water to produce steam, which 
then drives turbines to generate electricity. This process is often likened to 
a “fancy kettle”, even if the reality is somewhat more complex. 

In a typical nuclear reactor, atoms of fissile material, typically uranium 
235 or plutonium 239, undergo a process called nuclear fission. During 
fission, atomic nuclei split into smaller parts, releasing a significant amount 
of heat. This heat is used to convert water into steam, which then drives a  
turbine that then creates electricity. 

The reactor core, where fission occurs, is surrounded by a coolant - 
usually water or gas - that transfers the heat to a steam generator. The 
entire system is usually housed within a containment structure designed 
to prevent the release of radioactive materials. The exact design of which 
vary significantly based on national and international approaches to 
safety regulation. A great deal of debate around how you cut the costs of 
nuclear build often focuses not on the technology itself, but the various 
safety requirements that sit around the core reactor, which tend to drive 
significant additional investment across a project. 

The process itself hasn’t changed fundamentally since the early days 
of civil nuclear power in the 1940s, and few technological innovations 
being considered would alter the core proposition. That said, the growing 
cost of new nuclear projects has led to a significant amount of expenditure 
across the nuclear value chain, including new forms of fuel, reactor 
pressure vessels and containment structures. These proposals tend to focus 
on speeding up deployment, cutting costs or improve safety.
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Civil nuclear technology: 
Families

Given civil nuclear technology has been deployed right around the world, 
innovation in core technology and variants has been widespread and 
dispersed for many decades. They have been developed with a focus on 
energy production and defence requirements. Innovation has also driven 
spin-off benefits in areas like material science. Often, breakthroughs have 
been aided by the broader economic or social environment within a 
country.  

This all means there are a range of different technologies for nations 
to choose from, all with their respective merits and drawbacks. Some are 
established, mostly GW-scale, pressurised, and boiling water variants; 
some are in early-stage development, and some are merely scientific 
concepts at this stage.

Broadly, the technology landscape splits into two levels. First, large-scale 
reactors, that is, the proven, gigawatt-class pressurised and boiling water 
designs that remain the backbone of global deployment. Second, a wider 
and faster-moving category known as Advanced Nuclear Technologies 
(ANTs), a collective term for the range of innovative nuclear reactor 
technologies under development that are smaller in size, both in terms of 
power output and land footprint, than large gigawatt-scale reactors. 

Within the bucket of Advanced Nuclear Technologies, there are a wide 
range of different technology classes based on different use cases and 
deployment contexts. These broadly fall into one of 3 groups:

1.	 Generation III water-cooled SMRs (Small Modular Reactors). 
These are fission reactors with power output less than ~500 
MWe. They utilise a similar core technology to large-scale 
nuclear reactors but on a smaller scale. SMRs use standard, readily 
available 4 per cent enriched uranium fuel, the same fuel used 
in most commercial nuclear reactors worldwide. Despite being 
an established technology class, there are relatively few projects 
actually in construction. 

2.	 Generation IV, and beyond, AMRs (Advanced Modular Reactors) 
use novel cooling systems, fuels and/or reactor physics to offer 
new functionality (such as industrial process heat) and a potential 
reduction in costs. Many designs have the potential for a range of 
applications beyond low-carbon electricity generation, including 
hydrogen production and direct heat for industrial or domestic 
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use. 
3.	 Micro Modular Reactors (MMRs) are a subset of both SMRs 

and AMRs. MMRs are designed with much lower power output 
than other advanced reactors, typically producing no more than 
30MWe. They have potential for specialised niche applications 
that require smaller amounts of highly reliable energy, such as 
remote communities and data centres. 

The following section explores each of the technology variants in more 
detail. A list of current global technologies in each category is included in 
the annex. This paper does not explore the opportunity around nuclear 
fusion, focusing instead solely on fission based technologies.
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Large Pressurised and Boiling 
Water Reactors (Generation III/
III+)

Large Pressurised Water Reactors (PWRs) and Boiling Water Reactors 
(BWRs) remain the backbone of global nuclear deployment, representing 
the most mature and widely deployed class of civil nuclear technology. 
The core technology set has changed little in recent decades – and is 
essentially the quintessential nuclear power design described above - 
beyond improvements to safety and energy management, some of which 
have actually driven costs up not down. 

The traditional nuclear deployment model has been to drive up size to 
drive down per unit cost through scale. This has meant that the bulk of 
reactors currently deployed are sized at typically 1–1.6 GW per unit. More 
recently, the trend has been to strive for larger units with higher power 
and heat output in an effort to drive further economies of scale and not 
require as many new sites.

As well as creating a general technology type and delivery model, the 
global deployment of technology at this scale has shaped the operational 
landscape for nuclear projects and means most countries with a nuclear 
programme have a similar operational model. This means that as countries, 
including the UK, look to scale up firm power supplies in the years ahead, 
Gen III/III+ reactors will continue to offer the most straightforward 
pathway to doing so in the immediate term.

The defining challenge for large reactors remains cost. Projects across 
the world, particularly in the US and Europe, have demonstrated that 
firstofakind deployments can suffer from significant schedule slippage and 
budget escalation.2 These issues are often rooted not in the technology 
itself, but in fragmented supply chains, loss of construction expertise, 
and bespoke project designs. Countries that have managed to maintain 
continuous build programmes, such as South Korea, have shown that 
repeat builds dramatically reduce risk and cost. Large reactors deliver value 
when deployed as part of a sustained, standardised programme rather than 
isolated megaprojects. But all too often this has been the exception rather 
than the norm, including in the UK.

Despite these challenges, large reactors offer systemlevel benefits that 
a shift to focus on smaller nuclear units will struggle to replicate. Large 
units run at high-capacity factors and offer stable output, anchoring firm 
electricity supply, reducing reliance on gasfired generation, and supporting 2.	 Nuclear Energy Agency, ‘Unlocking Reduc-

tions in the Construction Costs of Nuclear’, 
13th May 2025, link

https://www.oecd-nea.org/jcms/pl_30653/unlocking-reductions-in-the-construction-costs-of-nuclear
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electrification of transport and heating. They also provide longterm price 
stability at scale, which can be strategically valuable in volatile energy 
markets.

While established, technology innovation within the large reactor 
space continues. In particular, safety innovations in Gen III/III+ designs 
have focused on seeking to improve nuclear applicability globally. This 
includes innovations that could be applied to other nuclear technology 
classes, such as passive safety systems, gravityfed cooling and natural 
convection, which aim to reduce reliance on operator intervention and 
external power sources. The tension with applying these innovations to 
older technologies – as we have seen evidence of in more recent GW-scale 
designs – is that they require new approvals from national regulators, who 
are familiar with current designs. This can often mean that the value of 
innovation is diluted and costs can creep up.

Given the strategic position that GW-scale projects play, large reactors 
continue to play a critical role in sustaining national nuclear supply chains 
and therefore shaping international influence within the nuclear sector. 
The nuclear sector drives investment in heavymanufacturing capability, 
specialist welding, and nucleargrade component production. Without 
regular deployment of largereactor projects, many countries risk losing 
industrial capacity that cannot be rebuilt quickly. This has implications not 
only for domestic deployment but also for export competitiveness.

Geopolitically, large reactors remain a major instrument of international 
influence. Russia and China continue to dominate the export market for 
gigawattscale reactors, using longterm financing and integrated supply 
chains to secure strategic partnerships.3 Western nations have struggled to 
make competitive offerings in recent years, often linked to project delivery 
and costs in home markets. In addition, large scale projects have struggled 
to attract private finance given the scale of cost and timeframe to first 
power, often meaning ambition has been limited based on the capacity of 
the state to finance new projects.

3.	 IEA, ‘Global Energy Review 2026’, 20th April 
2026, link

https://www.iea.org/reports/global-energy-review-2026
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Generation III Water-Cooled 
SMRs

As is now well-known, the development of SMRs constitute one of the 
most significant shifts in nuclear technology in decades. The level of 
interest in the SMR market – the IEA has identified as many as 25GW of 
plans for SMRs to be deployed globally – is increasing rapidly, largely 
linked to demands of the AI sector. This development could  potentially 
reverse the decades-long trend of increasing size to drive economies of 
scale. 

Within the UK market, under the Advanced Nuclear Technology 
framework, the term SMR refers specifically to Generation III water-cooled 
designs with power output less than ~500 MWe, using standard, readily 
available 4 per cent enriched uranium fuel. Projects globally are typically 
between 100-500MWe in size, but new variants are being developed 
all the time.While they use a similar core technology to that seen in 
gigawatt-scale pressurised water reactors, SMRs are intended to make use 
of modular construction, factory fabrication, and incremental deployment 
to drive down costs and cut delivery times.4 Instead of committing to a 
single, large-scale projects, the core idea is that project developers – and 
governments playing a role in financing – could potentially deploy SMRs 
in phases, aligning capacity additions with demand growth and private-
sector financing cycles.

In addition, the smaller footprint of SMRs could enable deployment at 
sites unsuitable for gigawatt-scale plants, such as former industrial sites 
or near industrial clusters. Their smaller unit size also allows capacity to 
be added incrementally and distributed more widely across the system, 
allowing SMRs to complement renewables by providing firm low-carbon 
power during periods of low wind and solar output, reducing reliance 
on gas-fired generation and helping meet new sources of continuous 
demand (most notably data centres) while mitigating the effects of new 
deployment on an already strained grid.5 

The core case – on cost and delivery schedule grounds - for SMRs lies in 
the potential for serial production,6 shifting the majority of construction 
into factories allows cost reduction through replication and standardisation 
alongside the cumulative benefits of retained expertise. This model  
depends on governments committing to fleet-based procurement, 
allowing manufacturers to invest in the supply chains and workforce 
capacity through a sustained order book. This creates the subsequent 
challenge that governments must make substantial upfront commitments 

4.	 IEA, ‘The Path to a New Era for Nuclear Ener-
gy’, 16th January 2025, link

5.	 Ibid
6.	 Dr Won-Pil Baek, ‘From Project to Pro-

gramme’, Policy Exchange, 27th May 2026, 
link

https://www.iea.org/reports/the-path-to-a-new-era-for-nuclear-energy
https://policyexchange.org.uk/publication/from-project-to-programme/
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before the technology has fully demonstrated its eventual delivery times 
and unit costs.

In addition, the case for SMRs remains largely ‘to be made’. Despite 
the significant hype, particularly in the US linked to the ambitions of the 
technoloy sector, thus far, only one SMR project has reached Financial 
Investment Decision amongst Western nations. A significant proportion of 
the funding that has been promised to projects has not actually yet been 
deployed. The core question remains one of cost – can serial production 
and a fleet approach reduce costs sufficiently to offset the requirement to 
deploy a higher proportion of units (as many as 4-8 to reflect a large-scale 
project).

Regulation remains a key challenge for SMR deployment. Most 
regulatory frameworks were designed around large reactors and require 
adaptation to accommodate modular designs, factory fabrication, and 
novel safety cases. Successful deployment will require a new approach 
to balancing safety standards with the need to take decisions that enable 
innovative designs that do not have the track record of large-scale variants. 
This means that national governments, including the UK, will have a 
significant role in defining the relative competitiveness of domestic SMR 
markets based on their approach to regulation, as well as the level of state 
support for the domestic supply chain.
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Generation IV and Beyond: 
Advanced Modular Reactors 
(AMRs)

Generation IV and more advanced AMRs use novel coolants, fuels and 
reactor physics with the aim of substantially reducing  costs through a 
step-change in the core technology and capabilities of the nuclear sector. 
This includes the production of high-temperature industrial heat, to enable 
the production of new fuels such as hydrogen production, or the use of 
direct heat for industrial or domestic use. The ambition to make nuclear a 
supplier of not just electricity, but also wider energy including heat.

Two broad design lineages dominate the AMR landscape: fast reactors, 
which primarily employ novel reactor physics, and high-temperature 
or molten-salt reactors, which use alternative coolants and fuel forms to 
enable higher operating temperatures and new applications.

Fast reactors
Fast reactors focus on nuclear technology innovation that potentially 
allows developers to close the fuel cycle, reduce long-lived waste and 
improve resource utilisation. Unlike thermal reactors, which rely on slow 
neutrons, fast reactors use highenergy neutrons that can fission a broader 
range of isotopes, including plutonium and minor actinides. This allows 
them to extract more energy from uranium resources. 

In addition, fast reactors potentially have the ability to utilise spent 
fuel and therefore reduce the level of nuclear waste. This is particularly 
attractive for countries with large inventories of spent fuel, such as the 
UK, France, Russia, and Japan, who view fast reactors as a pathway to the 
longterm sustainability of the nuclear sector. However, this also introduces 
proliferation and security considerations, as closed fuel cycles involve 
handling materials that can be weaponised if not properly safeguarded, 
such as Plutonium.

The main barrier to the the deployment of fast reactors will be the 
fact that they are technologically complex and require advanced materials, 
sodium or lead coolants, and sophisticated fuelfabrication capabilities. 
This creates high barriers to entry. Only a handful of countries, primarily 
Russia, China, and India, have active fastreactor programmes, raising 
obvious geopolitical questions. 

Fast reactors also face significant commercial challenges. The capital 
costs for initial projects are likely to be high, given rightful concerns 
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around safe design, and their commercial viability depends on the value 
assigned to waste reduction, fuel recycling, and longterm resource 
security – factors that are largely not valued within the cost-base for 
nuclear technology. Given this, there has been a push to consider whether 
fast reactors could be treated as strategic national infrastructure, similar to 
geological repositories or enrichment facilities,

Connected to this, there remain significant safety challenges in relation 
to fast reactors. Sodiumcooled reactors could potentially offer heattransfer 
properties, but introduce chemical reactivity risks. Leadcooled reactors 
mitigate some of these issues but require advanced materials to withstand 
corrosion. These technical challenges will require new regulatory 
frameworks that will take time to develop and stress-test.

High-temperature and molten salt reactors
High-temperature gas-cooled reactors (HTGRs) and molten-salt reactors 
(MSRs) are in essence disruptive nuclear technologies. Their principal 
advantage is the ability to operate at substantially higher temperatures 
than conventional reactors, allowing the production of high-grade heat. 
This offers the chance that nuclear could become a driver of industrial 
decarbonisation, hydrogen production and synthetic-fuel manufacturing, 
sectors that conventional nuclear technologies are less well suited to serve 
given the focus on electricity generation.

HTGRs generally use helium as a coolant, which is chemically inert and 
capable of operating at temperatures exceeding 700°C. This makes HTGRs 
potentially attractive for industries such as steel, cement, and chemicals, 
where hightemperature heat is essential and where electrification is 
a challenge. While a benefit, this means their deployment will require 
close coordination with existing and new industrial clusters, as well as 
continued global and national momentum to decarbonise the economy.

MSRs, by contrast, use molten salt as either a coolant or a fuel. This 
potentially allows for lowpressure operation, passive safety features, and 
the potential for continuous fuel recycling. Liquidfuel MSRs, offer the 
possibility of simplified fuel handling and inherent safety characteristics, 
including the ability to drain fuel into subcritical storage tanks during 
emergencies. While potentially a major safety breakthrough, this would 
require a new approach to nuclear safety regulation which may be 
challenging to do at the pace needed.

Both HTGRs and MSRs face significant technical and regulatory 
hurdles. Given this, hightemperature materials, corrosion resistance, and 
fuelsalt chemistry remain active areas of research to enable deployment in 
existing and new nuclear markets. Regulators are looking to develop new 
frameworks to evaluate designs that differ fundamentally from watercooled 
reactors. Until this work is done it’s challenging to see a world in which 
HTGRs or MSRs will be able to compete on a commercial basis with large 
PWRs or SMRs, at least in the context of generating electricity, in the near-
term. 

Finally, it’s worth noting that geopolitically, interest in HTGRs and MSRs 
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is growing. China’s HTRPM is the world’s first commercialscale HTGR, 
while the United States and Indonesia are pursuing MSR demonstration 
projects. The UK has earlystage research capability but no active projects 
in development. 

Micro Modular Reactors (MMRs)
MMRs are designed with much lower power output than other advanced 
reactors, typically producing no more than 30MWe. 

MMRs extend both the SMR and AMR concepts further, claiming to offer 
ultra-small, transportable units capable of powering remote communities, 
mines, military bases, and disaster-response operations. While their 
market is relatively specialised, they are increasingly seen as new option 
for deploying nuclear power to a wider range of contexts, particularly 
where grid infrastructure is less developed. While potentially extending 
the reach of nuclear projects, developing projects in more remote and 
challenging locations will require developers to overcome a range of 
safety and security constraints that are currently not a major consideration 
for nuclear projects. 

MMRs are a wide bucket of technologies, creating a challenge in and of 
itself. Some, apply technologies associated with smaller modular reactors 
at micro-reactor scale, while others, derive from high-temperature gas-
cooled reactor technology. This variety means that the MMR policy and 
regulatory treatment is highly complex. For example, a micro-scale water-
cooled unit and a micro-scale HTGR raise materially different safety cases 
despite both qualifying as MMRs. Because two reactors may both qualify as 
MMRs while presenting very different fuel, coolant, operating and safety 
characteristics. Regulatory frameworks, including in the UK, are finding 
it challenging to assess the underlying technology as well as reactor size 
and intended use.

It’s important to note, in the context of the wider civil and defence 
nuclear enterprise, that military applications are seen as particularly 
relevant for MMRs, given they could offer resilient power for a range of 
remote or strategically significant defence settings. This includes providing 
support for energy-intensive military capabilities and reducing reliance on 
vulnerable fuel supply chains. This could improve operational endurance 
while reducing exposure to disruption in contested environments, 
although their deployment would still raise complex challenges around 
mobility and nuclear security – as well as blurring the boundary between 
civilian and military regulation.
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Global Developments

Choice of reactor technology does not occur in a vacuum, and the UK 
is a comparatively small purchaser in a global market. Whether any 
given design is genuinely available to a UK programme (at what cost 
and schedule, resting on what supply chain) depends on whether it is 
being built at scale elsewhere. Serial production, regulatory precedent, 
alongside the availability of skilled workers, components and finance, are 
set within a global order book with direct bearing on British decision-
making. A survey of the global landscape elucidates which technologies 
are commercially viable, which states control the designs and the supply 
chains required. On each front, the actual rate and scale of deployment is 
notably narrower than the level of stated ambition would suggest.

The global nuclear fleet stood at 420GW at the end of 2025, operating 
in more than thirty countries, with 78 GW under construction across 
fifteen.7 Investment in new plants and refurbishments is expected to exceed 
USD 80 billion in 2026, up from around USD 65 billion in 2024.8 Under 
current policies, the IEA projects USD 70 billion annually by 2030, with 
the frequently quoted USD 120 billion arising only in the Announced 
Pledges Scenario, in which all stated commitments are delivered in full 
and on time.9 That headline capital, however, is distributed across the 
technology families unevenly.

Large pressurised and boiling water reactors account for the vast 
majority of this total pool. Nearly every reactor currently under 
construction worldwide is large-scale, most above 1,000 MW. Half of the 
78 GW under construction is in China, which expects to reach 100 GW 
installed by around 2030; Egypt, India and Turkey have approximately 5 
GW underway. Across all advanced economies combined the figure is 9.5 
GW with two reactors each in Japan, Korea and the UK, as well as one in 
Slovakia. Of ten construction starts in 2025, nine were in China and one 
in Russia, and 94 per cent of reactors that began construction over the past 
decade were of Chinese or Russian design.10 

The designs discussed above bear this out, with the AP1000 and EPR 
already in operation and expanding, but the largest fleet-scale programmes 
are now concentrated outside the West, including fourteen AP1000 units 
under construction in China and Hualong One and VVER-1200 projects 
advancing across Pakistan, Turkey, Bangladesh and Egypt. Gen III/III+ 
is therefore not simply the most mature reactor class in principle; it is 
the only one supported by an established global supply chain capable of 
delivering at scale — and an increasing share of that supply chain now sits 
outside the West.

7.	 IEA, ‘Global Energy Review 2026’, 20th April 
2026, link

8.	 IEA, ‘World Energy Investment 2026’, 28th 
May 2026, link

9.	 IEA, ‘The Path to a New Era for Nuclear Ener-
gy’, 16th January 2026, link

10.	IEA, ‘Global Energy Review 2026’, 20th April 
2026, link

https://www.iea.org/reports/global-energy-review-2026
http://iea.org/reports/world-energy-investment-2026
https://www.iea.org/reports/the-path-to-a-new-era-for-nuclear-energy
https://www.iea.org/reports/global-energy-review-2026
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Generation III water-cooled SMRs present the widest gap between 
design activity and delivery. There are 129 SMR designs worldwide, 
of which 51 are engaged in pre-licensing or licensing across fifteen 
countries, supported by roughly 85 active discussions between developers 
and prospective site owners. Despite this, only seven designs are operating 
or under construction.11 Globally, one 125 MW unit is under construction 
in China and one 300 MW unit in Russia; of the designs surveyed in 
Annex B, the ACP100 is closest to becoming the first commercial land-
based SMR, while the BWRX-300 at Darlington remains the only Western 
unit in construction.12 The Rolls-Royce SMR, Holtec SMR-300, AP300 and 
VOYGR are each at licensing, contracting or design-approval stage, not 
building.

Against this, plans of varying maturity now amount to as much as 25 
GW of prospective SMR capacity, while investment could rise from around 
USD 5 billion today to more than USD 25 billion by 2030 under the more 
ambitious deployment scenario.13 Private technology-sector demand adds 
a further approximately 10 GW of announced commitments, though these 
range from bankable long-term agreements tied to existing or restarting 
plants to options on designs that have neither a licence nor a final site.14

Fast reactors remain largely sovereign state programmes, not having 
entered the market. Operating and construction experience is confined to 
Russia, China and India: the BN-600 and BN-800 at Beloyarsk, the BREST-
OD-300 and associated closed-fuel-cycle facilities at Seversk, the twin CFR-
600 units at Xiapu, and India’s PFBR, which achieved first criticality earlier 
this year.15 No Western country has a fast reactor under construction. The 
technology is thus proven but not procurable on commercial terms, and 
the states that possess it are those with which the UK is least able to partner.

High-temperature and molten salt reactors have a single commercial-
scale precedent, China’s HTR-PM at Shidao Bay, in operation since late 
2023. Elsewhere, progress remains confined largely to demonstration and 
licensing, with the Xe-100 advancing through US regulatory review for 
Dow’s Seadrift site, Japan’s HTTR supporting a hydrogen demonstration 
targeted for 2030, and Indonesia’s regulator having approved only the 
site-evaluation stage for ThorCon in July 2025. No molten salt reactor 
is in commercial operation anywhere. The industrial-heat proposition 
on which the UK case for these technologies rests is therefore, as yet, 
evidenced by one plant in one country.

Micro modular reactors have no commercial deployment globally, 
while the trajectory of the two designs most relevant to the UK remains 
uncertain, with eVinci’s Canadian pre-licensing Vendor Design Review 
on hold and Urenco having withdrawn financial support from U-Battery 
in 2023 before its intellectual property was transferred to the National 
Nuclear Laboratory. Announced microreactor agreements are numerous, 
but remain concentrated in options and expressions of interest rather than 
financed construction.

From this survey of global deployment, three main conclusions follow. 
First, the further the UK moves from large water-cooled reactors, the more 

11.	Nuclear Energy Agency, ‘Launch of edition 
3.1 and new rolling update: NEA Small Mod-
ular Reactor Digital Dashboard’, 30th January 
2026, link

12.	IEA, ‘Global Energy Review 2026’, 20th April 
2026, link

13.	IEA, ‘The Path to a New Era for Nuclear Ener-
gy’, 16th January 2026, link

14.	John Pendleton and Mackenzie Schuessler, 
‘Beyond the Hype: Assessing Hyperscaler 
Nuclear Commitments Against U.S. Energy 
Realities’, Carnegie Endowment for Interna-
tional Peace, 2nd June 2026, link

15.	Indian Department of Atomic Energy, ‘Pro-
totype Fast Breeder Reactor at Kalpakkam, 
Tamil Nadu attains First Criticality’, 7th April 
2026, link

https://www.oecd-nea.org/jcms/pl_114667/launch-of-edition-3-1-and-new-rolling-update-nea-small-modular-reactor-digital-dashboard
https://www.iea.org/reports/global-energy-review-2026
https://www.iea.org/reports/the-path-to-a-new-era-for-nuclear-energy
https://carnegieendowment.org/research/2026/06/beyond-the-hype-assessing-hyperscaler-nuclear-commitments-against-us-energy-realities
https://dae.gov.in/prototype-fast-breeder-reactor-at-kalpakkam-tamil-nadu-attains-first-criticality/
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first-of-a-kind risk it absorbs itself. Large PWRs are backed by an active 
global order book, Gen III SMRs by two units in construction worldwide, 
commercial HTGRs by a single plant in China, and molten salt and micro 
reactors by none. Despite this, it is in these least-proven families that the 
UK’s ambitions for industrial heat, hydrogen and fuel-cycle closure are 
concentrated. Meanwhile, the one class being built at scale is dominated 
by Rosatom and CNNC, whose designs the UK cannot procure, narrowing 
the realistic field to the AP1000 and EPR and placing the UK in a queue 
with the United States, France and others for the same inputs. What 
separates the designs actually in construction from the 51 in licensing 
worldwide is not technical readiness but a committed repeat order: the 
BWRX-300 broke ground at Darlington on the strength of a four-unit 
Ontario programme, while the Rolls-Royce SMR holds approval and 
selection without an equivalent order book. This means that the decision 
that determines delivery is how many units Government commits to and 
how credibly that commitment survives successive spending reviews.
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Key Themes and Developments

As outlined by the range of nuclear technologies available or being 
developed, there are opportunities for nuclear to offer not just a firm 
supply of power over time, but a wider range of national security and 
economic benefits. That said, it is a complex picture where innovation 
in one area is causing challenges in another. There is also the tension 
between cost and timeliness, with the level of innovation still required in 
some technologies meaning they are unlikely to play a material role before 
2050.

Taking a step back, there are several crosscutting themes that are shaping 
nuclear development that any decision to progress a national programme 
must take account of:

•	 Modularisation and factory fabrication. Across all technologies, 
including traditional large-scale ones, the shift from bespoke 
onsite construction to repeatable factory production is increasingly 
seen as essential for reducing cost and schedule risk. This mirrors 
the changes other industries, such as shipbuilding and aerospace, 
where standardisation and replication have delivered major 
productivity gains.

•	 Advanced fuels and fuel cycles. Highassay lowenriched uranium 
(HALEU) is emerging as a critical enabler for many advanced 
reactor designs, particularly fast reactors, microreactors, and 
hightemperature systems. Countries that secure early access to 
HALEU production will gain a strategic advantage, a point that 
the UK Government has already acknowledged. Parallel to this is 
renewed interest in closing the fuel cycle through reprocessing 
and recycling, driven by ambitions to reduce nuclear waste and 
boost resource security.

•	 Passive and inherent safety. New reactor designs increasingly 
rely on physicsbased safety features, such as natural convection, 
lowpressure operation, or chemically inert coolants, to reduce 
reliance on active systems and operator intervention. This shift 
could simplify regulatory assessments and improve public 
confidence, but remains largely untested in deployed technologies.

•	 Integration of nuclear with wider energy systems. Advanced 
reactors capable of producing hightemperature heat or hydrogen 
are being positioned as tools for decarbonising heavy industry, 
transport fuels, and chemical production. This broadens the 
role of nuclear beyond electricity generation and aligns it with 
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wholeeconomy energy transition. That said, the value will rest 
on a continued focus on reducing emissions, or at least a focus 
on domestic national security linked to reducing exposure to 
imported fossil fuels.

•	 Digitalisation. Digital twins, AIassisted monitoring, predictive 
maintenance, and advanced simulation tools are improving 
operational efficiency and reducing downtime. These technologies 
could enable smaller operators to manage fleets of reactors with 
lower overheads, supporting the commercial viability of SMRs 
and microreactors.

•	 Geopolitics and supplychain realignment are becoming central 
to nuclear innovation. Western nations are seeking to reduce 
dependence on Russian fuel services, while China is rapidly 
expanding its export ambitions. This is driving new alliances, 
investment in domestic fuel production, and efforts to harmonise 
regulatory frameworks across likeminded countries.

Together, these themes point toward a more diverse, flexible, and 
internationally competitive nuclear landscape, one in which technology 
choice will be shaped not just by policy, but also industrial and economic 
choices at a national level.

Implications for the UK ‘Golden Age’ of nuclear
The UK stands at a pivotal moment in its civil nuclear strategy. With 
ageing reactors retiring, rising electricity demand, and a legally binding 
net zero target, the choices made now will shape the country’s energy 
system for decades. The evolving global technology landscape presents 
both opportunities and risks.

Large-scale reactors remain essential for delivering bulk lowcarbon 
power and retaining national nuclear skills as other technologies develop. 
However, the UK’s recent experience demonstrates the challenges of 
delivering gigawattscale projects without a continuous build programme. 
But given new technologies remain at an early stage, including SMRs, at 
this stage it is likely to be too early to rule out the option of further large-
scale reactors. Government should therefore commit to retaining and 
creating an option to deploy a further large-scale plant before 2030. 
At this stage, a decision can be made as to whether the case for large-scale 
projects remains, set against the development of other technologies in the 
intervening period.  

SMRs present a major industrial opportunity. The UK has credible 
domestic developers and a strong manufacturing base that could 
support modular production. But realising this potential requires a clear 
procurement strategy, early site designation, and a commitment to fleet 
deployment. Without scale, SMRs will not achieve the cost reductions 
needed to compete internationally. This will be a challenge to achieve in 
the current fiscal context.

Advanced reactors, particularly HTGRs and MSRs, could align strongly 
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with the UK’s industrial decarbonisation goals. The UK’s industrial 
clusters, hydrogen ambitions, and need for hightemperature heat make 
it a natural market for these technologies. However, the UK risks falling 
behind countries that are already investing in demonstration projects. A 
focused programme, backed by regulatory innovation and targeted R&D 
funding, would allow the UK to shape global standards and capture an 
earlymover advantage.

Fast reactors offer longterm strategic value given the UK’s large 
plutonium stockpile. They could provide a pathway to convert this 
material into useful fuel while reducing longterm waste liabilities. But 
fast reactors require significant investment at risk and a greater level of 
international collaboration. The UK will have to decide whether to treat 
them as a strategic national asset or rely on international partners for future 
fuelcycle solutions.

Ultimately, aligning the technology choice with both the timeframe 
for value and the strategic economic case will be critical. This is 
currently where the central ambition remains overall deployment to 2050 
– a lofty but far too general goal. Within a revised nuclear deployment 
plan, Government should set out how it will approach technology 
choice to drive deployment for new nuclear technologies, as well as 
how it will consider the economic value of nuclear projects based on the 
utilisation of the domestic supply chain over the long-term.

In addition, there appears to be a view that shifting to new technologies 
will reduce cost and improve delivery. While this should be the case, there 
is no guarantee that the current approach to support a range of technologies 
and providers will facilitate this in practice. Most other major economies 
seeking to deliver a nuclear programme are more focused on cohesion 
and consistency through a fleet deployment approach, including in the 
role that public finance and investment can play. There is a risk in the 
UK context that a ‘let all flowers bloom’ approach reduces the scope for 
innovation to really drive down costs. Government should instead commit 
to a fleet-based approach to new nuclear technology, and within a 
revised deployment plan, set out the key technology choices it believes 
will enable this approach.

Across all technologies, the UK’s regulatory environment is a strength, 
but it must evolve. As set out in the recent Fingleton Review into nuclear 
regulation, the Office for Nuclear Regulation (ONR) is respected globally, 
but adapting to modular construction, factory fabrication, and novel 
reactor designs will require new processes and capabilities. Regulatory 
agility will be a key determinant of the UK’s competitiveness. While there 
are early signs that this is moving forward well, the ultimate test will be 
at the point that emerging technologies reach the point of licensing at an 
actual site – something that is yet to happen.

The UK must also consider the geopolitical dimension. As global 
interest in nuclear grows, there will be a greater level of attention on 
how countries can partner to bolster their national security and protect 
domestic supply chains. By choosing which technologies to support, and 
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which countries to collaborate with, the UK will influence its position 
in global supply chains, fuel markets, and international standards. This 
is particularly true of the relationship with the US – as set out in the 
recent Atlantic Declaration – but also with Europe where the Government 
has ambitions to strengthen economic and industrial ties once again. 
Government should consider a revised international and diplomatic 
push on nuclear, striking technology partnerships with like-minded 
nations as a matter of priority.

And finally, finance. Any technology-driven transformation relies 
on significant investment, from both public and private sources. 
Recent reductions in public funding for R&D create challenges for the 
UK to develop the full range of technologies. In addition, any support 
for operating plants – as opposed to investment in development and 
construction – risks coming too late for innovative designs that carry 
greater risks for private sector participants looking to deploy for the first 
time. Government should consider how finance will be available and 
unlocked from the private sector across the full nuclear value chain, 
including early stage innovation and design.

Given this context, Government must put technology choice and 
innovation at the heart of its broader nuclear strategy. Outlining how 
nuclear can be a technology not just of the past and present, but of the 
future.
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Conclusion

The nuclear sector is undergoing a period of rapid, far-reaching and 
sustained innovation, as attested to by the sheer range of technologies in 
this report. That innovation, however, has expanded the field of choice 
considerably faster than it has resolved the questions that choice entails. 
A proliferation of designs across four broad families, at radically different 
levels of maturity and with divergent fuel requirements, supply chains and 
industrial implications, represents a problem of selection, not so much a 
solution to the UK’s deployment difficulties. Optimism borne of rapid 
technological development, and subsequent optionality, should not be 
conflated with concrete progress in deployment.

Several unresolved tensions run through this analysis, first of which is 
the balance between pace and cost. The technologies most likely to reduce 
the unit cost of nuclear power are those least likely to be deployable 
within the next decade, while those deployable now carry the cost profile 
the Government is seeking to avoid. The second is between diversity and 
scale: supporting a wide portfolio hedges against the failure of any single 
technology, but forecloses the serial production, regulatory precedent and 
supply-chain depth on which cost reduction ultimately depends. Third, 
policy must address the tension between sovereignty and speed as domestic 
technology development promises industrial and security returns, but the 
mature supply chains sit elsewhere, and increasingly with states from 
which the UK cannot procure. Technical assessment alone cannot resolve 
these tensions because none of these issues are at their core technical; the 
variable separating designs in construction from those stalled earlier in the 
process is the existence of a credible, repeated order – and a state willing 
to underwrite one.

It is not that the Government has selected the wrong technologies, 
but that it has not yet articulated how it selects at all. A ‘Golden Age’ 
framed principally as an aggregate capacity ambition for 2050 provides 
no basis for adjudicating between families, sequencing deployment, or 
determining where public risk capital should sit within the value chain. 
The Government requires a clearer conception of how to capitalise on, and 
deliver, the ongoing innovative burst, reversing long-standing delivery 
challenges. Technology choice is the mechanism through which nuclear 
policy is executed, and its criteria, trade-offs and timeframes should be 
set out explicitly within a revised deployment plan. Without this, the 
current abundance of technological options is as likely to produce delay 
as delivery.
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Annex A – Large PWR/BWR 
Technology Overview

1.	 AP1000 (Westinghouse, US/China) is a Generation III+ two-
loop pressurised water reactor with a net electrical output of 
around 1,117 MWe, using standard low-enriched uranium fuel 
and passive gravity-fed safety systems. Six units are in commercial 
operation (two at in Georgia and four in China) with 14 more 
under construction in China and five contracted in Poland and 
Bulgaria. Westinghouse is positioning the AP1000 for a potential 
ten-unit US fleet, aligned with the US Government’s objective of 
beginning construction of ten large reactors by 2030.16

2.	 EPR (Framatome/EDF, France/UK) is a Generation III+ PWR 
delivering around 1,630 MWe per unit, distinguished by a double-
concrete containment and a core-catcher for severe accident 
mitigation. It is operational at in China and in Finland; in the UK, 
two units are under construction at Hinkley Point C (targeting first 
power around 2030) with a further two proposed at Sizewell C.17

3.	 APR1400 (KEPCO/KHNP, South Korea) is an evolutionary two-
loop PWR producing 1,400 MWe, developed from the OPR1000 
and Combustion Engineering’s System 80+ design. It is in 
commercial operation in South Korea and the UAE, and holds 
US NRC design certification, though it has not yet secured a UK 
Generic Design Assessment.18

4.	 HPR1000 / Hualong One (CNNC/CGN, China) is a Generation III 
PWR with a net output of around 1,150–1,200 MWe and a three-
loop, 177-fuel-assembly core combining active and passive safety 
systems. Multiple units are in commercial operation in China and 
Pakistan; the UK variant completed GDA in February 2022, giving 
it a route to UK deployment, though no UK project has yet been 
confirmed.

5.	 VVER-1200 (Rosatom, Russia) is Russia’s current-generation 
PWR export design, delivering around 1,200 MWe per unit with 
a mature, widely proven core technology. Units operate in Russia 
and Belarus, while VVER-1200 projects are under construction or 
commissioning in Turkey, Bangladesh and Egypt – among others.

16.	Westinghouse Electric Company, ‘Westing-
house Establishes Standard AP1000® Plant 
for Fleet-Scale Deployment in U.S.’, 6th April 
2026, link

17.	EDF, ‘EDF annonce la finalisation du finance-
ment du projet Sizewell C (Financial close)’, 
4th November 2025, link

18.	Nuclear Regulatory Commission, ‘Issued De-
sign Certification – Advanced Power Reac-
tor 1400 (APR1400)’, 24th February 2026, 
link; Office for Nuclear Regulation, ‘Regula-
tors complete UK HPR1000 design assess-
ment’, 7th February 2022, link

https://info.westinghousenuclear.com/news/westinghouse-establishes-standard-ap1000-plant-for-fleet-scale-deployment-in-u.s
https://www.edf.fr/sites/groupe/files/epresspack/11447/CP-EDF_Financial-close-Sizewell-C.pdf
https://www.nrc.gov/reactors/new-reactors/large-lwr/design-cert/apr1400
https://www.onr.org.uk/news/all-news/2022/02/nuclear-regulators-complete-uk-hpr1000-design-assessment?
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Annex B – SMR Technology 
Overview

1.	 BWRX-300 (GE Vernova Hitachi, Canada/USA) is a 300 MWe 
simplified boiling water reactor derived from earlier GE Hitachi 
boiling-water designs, using passive natural-circulation safety 
systems and standard LEU fuel. The first commercial unit is under 
construction at Darlington, Ontario, with operation targeted by 
the end of 2030. In the UK, the design completed Step 2 of the 
Generic Design Assessment in December 2025, after which GE 
Vernova Hitachi elected not to proceed immediately to Step 3.19

2.	 AP300 (Westinghouse, USA) is an approximately 330 MWe 
single-loop PWR derived from the AP1000, retaining its passive 
safety architecture while reducing plant size and complexity. 
It remains earlier in development than the BWRX-300 and has 
not yet entered UK Generic Design Assessment; ONR currently 
identifies the AP300 as a potential future project and is undertaking 
regulatory engagement with Westinghouse.

3.	 Rolls-Royce SMR (UK) is a 470 MWe pressurised water reactor 
using conventional LEU fuel and designed around modular, 
factory-based construction. It was selected in 2025 as the UK 
Government’s preferred SMR technology, and in April 2026 Great 
British Energy – Nuclear contracted Rolls-Royce SMR to develop 
three reactors at Wylfa, providing at least 1.4 GW of capacity. The 
design remains in Step 3 of the UK Generic Design Assessment 
ahead of subsequent site-specific licensing and investment 
decisions.20

4.	 SMART/SMART100 (KAERI/KHNP, South Korea) is an integral 
PWR with steam generators housed inside the reactor vessel; the 
upgraded SMART100 variant delivers around 110 MWe (365 
MWth), aimed at both electricity generation and desalination. The 
original SMART became the world’s first SMR to receive standard 
design approval in 2012, and SMART100 received South Korean 
regulatory approval in September 2024, positioning it for export, 
particularly to Saudi Arabia.

5.	 RITM-200 (OKBM Afrikantov/Rosatom, Russia) is an integral 
water-cooled reactor producing around 55 MWe in its power-
generation configuration, using uranium enriched to no more than 
20 per cent and drawing on technology developed for Russia’s 
nuclear icebreaker fleet. RITM-200 reactors are operational aboard 

19.	OPG, ‘OPG ready to begin building North 
America’s first Small Modular Reactor’, 8th 
May 2025, link; Office for Nuclear Regula-
tion, ‘Generic Design Assessment Step 2 
Statement for the BWRX-300’, 11th Decem-
ber 2025, link

20.	Great British Energy – Nuclear, ‘UK SMR 
programme at Wylfa hitting target for Brit-
ish contracts’, 24th June 2026, link; Office for 
Nuclear Regulation, ‘Rolls-Royce SMR - Reg-
ulatory observations and resolution plans’, 
17th June 2026, link

https://www.opg.com/projects-services/projects/new-generation-opportunities/story/opg-ready-to-begin-building-north-americas-first-small-modular-reactor/
https://www.onr.org.uk/media/derhwy35/bwrx-300-gda-step-2-statement.pdf
https://www.gov.uk/government/news/uk-smr-programme-at-wylfa-hitting-target-for-british-contracts
https://www.onr.org.uk/publications/regulatory-reports/generic-design-assessment/rolls-royce-smr-regulatory-observations-and-resolution-plans
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Project 22220 icebreakers, while land-based RITM-200N plants 
and RITM-200S floating power units are under development or 
construction. Russia’s existing operational floating nuclear power 
plant, Akademik Lomonosov, instead uses KLT-40 reactors.21

6.	 ACP100 (CNNC, China), marketed as Linglong One, is a 125 
MWe integrated PWR with passive safety systems and flexible 
applications including electricity, heating, industrial steam and 
desalination. A demonstration unit is being commissioned at 
Changjiang in Hainan and completed its non-nuclear turbine test 
in December 2025, ahead of fuel loading and grid connection. 
It is intended to become the world’s first commercial land-based 
SMR.22

7.	 Holtec SMR-300 (Holtec International, USA) is a roughly 300 
MWe pressurised light-water reactor with passive safety systems, 
designed in part for deployment at existing or retiring nuclear 
sites. Holtec submitted the first part of a phased construction-
permit application for two SMR-300 units in Michigan in 
December 2025; the US Nuclear Regulatory Commission accepted 
it for detailed review in February 2026. Holtec is also pursuing 
prospective deployments in the UK and elsewhere.23

8.	 NuScale VOYGR (NuScale Power, USA) uses 77 MWe pressurised-
water NuScale Power Modules, scalable in configurations of up to 
12 modules and 924 MWe. The uprated 77 MWe design received 
US Nuclear Regulatory Commission Standard Design Approval 
in 2025, while NuScale’s earlier 50 MWe design holds formal 
design certification. A proposed six-module project in Romania 
advanced following shareholder approval in 2026, although 
further conditions must be satisfied before the project proceeds to 
implementation.24

21.	Edward Barlow and Daniel Skeffington, 
‘Powering the Future’, Policy Exchange, 27th 
July 2026, link; Rosatom, ‘RITM-200’, link; 
Rosatom, ‘Small-Scale Nuclear Power Plant 
Construction and Design’, link

22.	China National Nuclear Corporation, ‘Lin-
glong One completes cold functional test’, 
24th October 2025, link

23.	Nuclear Regulatory Commission, ‘Pioneer 
Units 1 and 2 Phased Construction Permit 
and Limited Work Authorization Environ-
mental Impact Statement’, 15th June 2026, 
link

24.	Nuscale, ‘Nuscale Power’s Small Modular Re-
actor (SMR) Achieves Standard Design Ap-
proval from U.S. Nuclear Regulatory Com-
mission for 77Mwe’, 29th May 2025, link; 
Nuscale, ‘Nuscale Power Reports Second 
Quarter 2026 Results’, 5th August 2026, link 

https://policyexchange.org.uk/publication/powering-the-future/
https://www.rosatom.ru/projects/rritm_200/
https://www.rosatom.ru/en/catalog/sooruzhenie_i_proektirovanie_aes_maloy_moshchnosti/
https://en.cnnc.com.cn/2025-10/24/c_1134890.htm
https://www.nrc.gov/reactors/new-reactors/advanced/who-were-working-with/applicant-projects/pioneer/pioneer-eis
https://www.nuscalepower.com/press-releases/2025/nuscale-powers-small-modular-reactor-smr-achieves-standard-design-approval-from-us-nuclear-regulatory-commission-for-77-mwe
https://www.nuscalepower.com/press-releases/2026/nuscale-power-reports-second-quarter-2026-results
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Annex C – Generation IV+ 
Advanced Modular Reactors 
(AMR)

Fast Reactors

1.	 BN-600 and BN-800 (Rosatom, Russia) are sodium-cooled fast 
reactors at Beloyarsk, generating approximately 600 MWe and 
789 MWe net, respectively. BN-600 has operated since 1980 and 
BN-800 since 2016, with BN-800 now operating on a full MOX-
fuel core and serving as an important test bed for technologies 
associated with closing the nuclear fuel cycle. Rosatom’s wider 
Proryv programme centres on the BREST-OD-300 demonstration 
reactor and associated closed-fuel-cycle facilities at Seversk.25

2.	 CFR-600 (CNNC/China Institute of Atomic Energy, China) is 
a sodium-cooled pool-type demonstration fast reactor being 
developed at Xiapu in Fujian, with two units under construction. 
It forms the bridge between China’s experimental fast-reactor 
programme and the planned CFR1000 commercial fast reactor; 
CNNC completed preliminary design of the latter in July 2025, 
with an intended installed capacity of around 1.2 GWe.26

3.	 BREST-OD-300 (Rosatom, Russia) is a 300 MWe lead-cooled 
fast reactor using nitride uranium-plutonium fuel with no 
requirement for high enrichment, designed for a fully closed fuel 
cycle at the Siberian Chemical Combine in Seversk. Construction 
began in 2021 following a 2021 licence, with the associated fuel 
fabrication facility launched in December 2024; physical start-up 
is currently projected for around 2028.

4.	 PFBR (BHAVINI, India) is a 500 MWe sodium-cooled fast breeder 
reactor using MOX fuel and forming a central component of India’s 
three-stage nuclear programme and long-term fuel-independence 
strategy. Following a prolonged construction and commissioning 
programme, the reactor achieved first criticality on 6 April 2026 
and is progressing through commissioning towards power 
operation.27

5.	 Monju (JAEA, Japan) was an experimental 280 MWe sodium-
cooled fast breeder reactor that operated only intermittently 
following a 1995 sodium leak and fire. The Japanese government 

25.	Rosatom, ‘Rosatom has completed the 
world’s first program to operate nuclear fuel 
with minor actinides’, link; Rosatom, ‘Proryv’, 
link

26.	China National Nuclear Corporation, ‘China’s 
4th-generation commercial fast reactor pre-
liminary design completed’, 31st July 2025, 
link; China National Nuclear Corporation, 
‘Ten new reactors approved in China’, 29th 
April 2025, link

27.	Indian Department of Atomic Energy, ‘Pro-
totype Fast Breeder Reactor at Kalpakkam, 
Tamil Nadu attains First Criticality’, 7th April 
2026, link

https://www.rosatom.ru/press_center/news/v-rosatome-zavershilas-pervaya-v-mire-programma-ekspluatatsii-yadernogo-topliva-s-minornymi-aktinida/
https://www.rosatom.ru/en/projects/breakthrough_project/
https://en.cnnc.com.cn/2025-07/31/c_1113677.htm
https://en.cnnc.com.cn/2025-04/29/c_1108090.htm
https://dae.gov.in/prototype-fast-breeder-reactor-at-kalpakkam-tamil-nadu-attains-first-criticality/
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confirmed its permanent decommissioning in December 2016, 
and it is now included here as a source of safety lessons for 
sodium-cooled designs rather than an active programme.

High-temperature and molten salt reactors

•	 HTR-PM (CNNC, China) is a pebble-bed high-temperature gas-
cooled reactor at Shidao Bay, Shandong, comprising twin 250 
MWth reactor modules driving a single 210 MWe turbine, using 
helium coolant and TRISO fuel. It began producing power in 
December 2021 and entered commercial operation in late 2023, 
making it the world’s first operational commercial-scale HTGR.

•	 HTTR (JAEA, Japan) is a 30 MWth prismatic-block research HTGR 
at Oarai, used to demonstrate high-temperature materials and safety 
performance rather than to generate electricity commercially. It 
resumed operation in July 2021 after more than a decade offline 
post-Fukushima, successfully completed a loss-of-forced-cooling 
safety demonstration in January 2022, and is now the platform for 
a hydrogen-production demonstration targeted for completion 
by 2030, ahead of a planned commercial HTGR demonstration 
reactor in the late 2030s.

•	 X-energy Xe-100 (USA) is an 80 MWe, 200 MWth helium-cooled 
pebble-bed HTGR using TRISO fuel and designed to provide 
both electricity and high-temperature process heat. Units can 
be deployed in groups, with a four-reactor plant producing 320 
MWe. A four-unit project for Dow’s Seadrift industrial site in 
Texas is progressing through US Nuclear Regulatory Commission 
licensing, while Centrica and X-energy are separately exploring 
deployment of up to 12 units at Hartlepool in the UK.28

•	 ThorCon (ThorCon International, USA/Indonesia) is a liquid-fuel 
molten-salt reactor concept based around a proposed 500 MWe 
plant comprising two 250 MWe reactor modules manufactured 
largely in shipyards and transported to site. Indonesia’s nuclear 
regulator approved ThorCon’s site-evaluation programme for a 
proposed plant on Kelasa Island in July 2025, the first stage of the 
licensing process; site licensing and reactor design approval would 
still be required before construction could begin.

Micro Modular Reactors

1.	  eVinci (Westinghouse, USA) is a heat-pipe-cooled microreactor 
designed to produce around 5 MWe from a 15 MWth core using 
TRISO fuel enriched to 19.75 per cent. It is designed for factory 
assembly, transport by road, rail or barge and operation for 
eight or more full-power years before refuelling, with potential 

28.	X Energy, ‘Xe-100’, link; X Energy, ‘NRC Is-
sues Environmental Assessment with Find-
ing of No Significant Impact for Dow and 
X-energy’s Proposed Advanced Nuclear 
Project in Texas’, 18th May 2026, link

https://x-energy.com/xe-100/
https://x-energy.com/news/nrc-issues-environmental-assessment-with-finding-of-no-significant-impact-for-dow-and-x-energys-propsed-advanced-nuclear-project-in-texas/
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applications in remote communities, industrial sites and strategic 
military installations. Its Canadian pre-licensing Vendor Design 
Review is currently on hold.29

2.	 U-Battery (originally led by Urenco with the Universities of 
Manchester and Delft) is a helium-cooled micro-HTGR concept 
rated at around 4 MWe and 10 MWth, intended to provide off-
grid electricity and high-temperature heat. The project received 
UK Government support through the Advanced Modular Reactor 
programme from 2018, but Urenco ended its financial support 
in 2023 after failing to secure new commercial investors and 
announced its intention to transfer the intellectual property to the 
UK National Nuclear Laboratory. It should therefore be treated 
primarily as UK advanced-reactor R&D heritage rather than as an 
actively progressing commercial deployment programme.30

29.	Westinghouse, ‘eVinci™ Microreactor’, link
30.	Urenco, ‘Statement: U-Battery’, 20th March 

2023, link

https://westinghousenuclear.com/innovation/evinci-microreactor/
https://www.urenco.com/news/global/2023/statement-u-battery
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