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- Whether construction time and costs can reduce 
will depend on achieving economies of scale and 
learning through growing deployment, but this is 
highly contingent on successful value 
demonstration of early units, the characteristics of 
individual SMR designs and their developers, and the 
environment they seek to build and operate SMRs in. 
 

- Even in countries with conducive policy and 
incentives, regulatory processes may be a 
significant barrier. Pre-construction licencing alone 
may exceed a decade in some potential key markets. 
The supply chain may also present constraints. 
 

- Competition from other electricity supply 
technologies may also restrict growth, although 
some significant niches may emerge over time, such 
as relatively small/off-grid applications where stability 
and low-carbon is important, land or renewable 
resources are limited, connection to other grids is 
infeasible, and cost is not the priority. 
 

- Claims around land and water use, waste 
generation and safety are complex, and generally 
difficult to verify without real-world demonstration. 
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Executive Summary 

- Small Modular Reactors (SMRs) are scaled-down 
versions of traditional nuclear reactors, but with 
more varied design concepts, and which may be 
manufactured and assembled in modules. 
 

- Proponents claim they may be quicker and 
cheaper to build than large-scale reactors, and 
use less land and water, produce less waste, 
and operate more flexibly and safely. 

 
- For these reasons interest is growing in the 

potential for SMRs to deliver quick, cheap, low 
carbon, firm power for different applications – 
particularly data centres. 

 
- However, investors should be aware that their 

prospects may be substantially overhyped, at 
least over the medium-term. 

 
- The technology is nascent, with few units built 

and operating, mainly in Russia and China. Other 
designs are under construction, with several 
others aiming for commissioning in the early 
2030s. Investors should be cautious when 
examining these claims. 

 
- Evidence suggests the construction time and 

cost per unit capacity may not be less than 
large-scale nuclear for early installations.  
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What are Small Modular Reactors (SMRs), and their potential benefits? 

Small Modular Reactors (SMRs) are scaled-down versions of traditional nuclear 
fission reactors, but with more varied design concepts. They have a power output 
capacity up to 300 MW, rather than the 1-2 GW typical of traditional large-scale 
reactors.1  

Their modularity primarily comes from nature of their manufacture and construction, but 
also their deployment. Multiple SMRs may be installed together for greater total 
electricity or heat output, either at initial installation or over time.  

Proponents claim SMRs will have a range of benefits over large-scale nuclear, 
including flexibility in application, as summarised in Figure 1 and Figure 2, below.  

 

 
1 Units under 50 or 100 MW are sometimes called microreactors (definitions vary), but all units under 300MW are 
considered here as SMRs. 

Figure 1 – Key characteristics of large-scale nuclear units and claims of additional benefits from SMRs. 
Graphic created by Greenwheel. 
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“SMRs are a technology that has attracted a lot of attention from 
investors, especially in the USA where there are growing concerns about 
the ability of electricity supply to keep pace with accelerating demand. 

Some see SMRs as the key to unlocking this problem, but several open 
questions remain. This Greenwheel Insights paper examines the status 
of SMRs, their characteristics, and how they could develop. It shows that 
although SMRs might be a promising opportunity, they are far from a 
panacea to near-term electricity supply challenges.” 

 



 
 

These promised characteristics have led to a recent surge in interest for SMRs, 
particularly among emerging sources of electricity demand such as data centres for 
Artificial Intelligence (AI) applications, which require substantial supplies of reliable, low-
carbon and low-cost electricity, that can be built quickly. 

Under the IEA’s Net Zero Emissions by 2050 (NZE) scenario, global nuclear electricity 
capacity grows by ~2.5x to 2050, to over 1,000 GW. Over 50% growth is projected even 
under current policies. Under all scenarios, a minority of this growth comes from 
SMRs. Under current policies SMRs account for just 6% of total nuclear capacity by 2050, 
rising to 19% under a Net Zero scenario.i 

However, under all scenarios this would represent very significant growth for a 
nascent industry. Investors, developers and policymakers currently have active 
plans for around 25 GW of SMR capacity, largely to power data centres.i 

However, the successful development and deployment of SMRs is highly uncertain 
and contingent on several factors including support from policy makers and regulators, 

Figure 2 - Potential SMR applications. Graphic created by Greenwheel. 

Figure 3 - SMR capacity under IEA Scenarios (Data source: IEA, 2025). Graphic created by Greenwheel. 
Forecasts and estimates are based upon subjective assumptions about circumstances and events that may 
not yet have taken place and may never do so. 
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demand and support from investors and consumers, and on the ability of developers to 
successfully demonstrate the benefits of the technology. 

How mature is the technology? 

There are at least 84 identified SMR designs at different stages of development, 
employing different concepts, each with different advantages and disadvantages 
(Figure 4).ii The majority are intended for fixed, land-based applications, or mixed 
applications (i.e. fixed or mobile, including marine). The remaining few are intended 
exclusively for mobile or marine applications.iii Designs are relatively evenly 
distributed between the four key reactor types (see Figure 4). 

Four designs are in operation, with two in commercial applications – in China and 
Russia. A second reactor in China, and one in Japan, are operational for experimental 
and demonstration purposes. Five further units are under construction, with three – 
in Argentina, Russia and the USA – for commercial application (Figure 5). 

Most of the units operating or under construction draw heavily on the existing 
nuclear ecosystem. Most are water- or gas-cooled, and most use ceramic uranium 
dioxide pellets as fuel, are built on existing nuclear (or related) sites, and are designed, 
developed and/or funded by government bodies and resources. 
 
Of a total 84 SMR designs, 75 remain in the conceptual or design stages. Of these, 
around a third are at the ‘detailed design’ stage – i.e. a largely completed design and 
construction schedule are available, manufacturing, procurement and commissioning 
specifications are completed.ii Around half of these are from developers based in the 
USA. Around half are based on traditional water-cooled designs, with the remainder 
largely molten salt or gas-cooled designs. 

Figure 4 - Types of nuclear reactor. Data sources: IAEA (2025a); IAEA (2025b); IAEA (2025c); IAEA (2025d); WNA (2021) 
Graphic created by Greenwheel.  

https://www.iaea.org/topics/water-cooled-reactors
https://www.iaea.org/topics/gas-cooled-reactors
https://www.iaea.org/topics/molten-salt-reactors
https://www.iaea.org/topics/fast-reactors
https://world-nuclear.org/information-library/current-and-future-generation/fast-neutron-reactors


 
 

 

Reactors yet to reach detailed design are highly varied in reactor concepts, size, 
application, fuel characteristics, and country of origin, although many of these 
designs are not under active development.iii Figure 6 illustrates the country base of the 
SMRs at the detailed design stages (left panel), and those at the basic or conceptual 
design stages (right panel). 

 

Figure 5 – SMRs in operation and under construction. Data source: IAEA (2024), but adjusted using more recent public information 
where required. Notes: * = electrical capacity. **Broad definition taken (e.g. first criticality; connection to grid. Graphic created by 
Greenwheel. 
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https://aris.iaea.org/TechnicalData/


 
 

Although few SMR designs have been built or are under construction, several other 
designs claim to be nearing the construction stage. Figure 7 highlights and describes 
the most prominent examples.

Figure 6 - Geographic distribution of SMR developers at different design stages. Data Source: IAEA (2024). 
Graphic created by Greenwheel. 

https://aris.iaea.org/TechnicalData/


 
 

 

Figure 7 – Planned construction starts and planned first commissioning for key SMR designs in development. Information sources include: IAEA (2024); GBN (2025); WNN 
(2024) * = Estimated based on planned first commissioning date. Graphic created by Greenwheel. Forecasts and estimates are based upon subjective assumptions about 
circumstances and events that may not yet have taken place and may never do so. 

https://aris.iaea.org/TechnicalData/
https://www.gov.uk/government/news/gbn-at-final-stage-of-small-modular-reactor-selection-process
https://www.world-nuclear-news.org/articles/amazon-invests-in-x-energy-unveils-smr-project-plans
https://www.world-nuclear-news.org/articles/amazon-invests-in-x-energy-unveils-smr-project-plans


 
 

Most of these designs are from US developers, build upon the existing nuclear 
ecosystem, and are focused on early deployment in the USA, Canada, UK, Czechia 
and Romania to provide power to the grid. Most are water-based reactors and so can 
share much the same value chain, and in some cases based on existing nuclear sites – 
although some plan to use retired coal power sites. Although many of these designs 
are aiming for construction and commissioning of their first projects within the 
next ~5 years, there are reasons to be cautious that this is achievable in many cases 
(discussed below). 

Although data centre operators account for a significant proportion of the demand 
SMR deployment under discussion, they are largely focused on a small number of 
designs, are in relatively early stages, or have not made details available. For 
example, in late 2024 Oracle announced they plan to deploy three SMRs to power a new 
data centre campus but have not released further details, while Meta released a request 
for proposals for up to 4 GW of large-scale and SMR capacity, but have not yet selected 
proposals to take forward.i 

What evidence exists for their potential benefits? 

Might they be faster and cheaper to build than traditional nuclear? 

Since 2000, new large-scale nuclear reactors have taken an average seven years to 
build, but a have commonly exceeded a decade, particularly in advanced 
economies like the USA, EU and UK.i Total development time is significantly longer with 
pre-construction processes, such as technology and site listening (discussed below). 

Longer timeframes in advanced economies are largely due to delays during 
construction induced by design modifications, regulatory hurdles, and supply chain 
constraints and disruptions. In many cases, these factors are driven by a lack of recent 
experience in nuclear construction (including in countries with existing nuclear fleets, 
meaning knowledge, skills and supply chains must be rebuilt)i, and the use of new or 
heavily modified reactor designs.i 

These delays often produce substantial cost overruns. For example, construction of 
the Flamanville 3 reactor in France which connected to the grid in December 2024, 
overran by 12 years and cost treble the original estimate (reaching nearly $15 billion,iv or 
$11,000/kW capacity). In the UK, Hinkley Point C began construction in 2017 with 
commissioning planned for 2025. Commissioning is now likely to be at least 2029, while 
expected costs have doubled (to around £34 billion, or $16,000/kW; in 2015 prices).i 

Overall, across all projects for which data is available, nuclear power projects have on 
average cost more than double their original estimates.v 

Construction time and costs have been lower in countries using more standardised 
reactors designs built in series, and with more recent activity in nuclear build-out 
– such as China, the UAE and South Korea.i 



 
 

This suggests that SMRs, with standardised designs produced in series, may have the 
potential for faster construction and capacity costs below large-scale reactors. They 
are also likely to require significantly lower total capital investment per unit. While 
large-scale nuclear plants have commonly required capital investment far exceeding $10 
billion, early SMR units may cost around $2-4 billioni,vi – similar to a large hydropower 
project.i 

However, there is broad consensus that First-of-a-Kind (FOAK) and other early SMRs 
are not likely to be cheaper than new large-scale reactors on a capacity basis (Figure 
8), and they may also not be significantly quicker to build. This is mainly because 
early units are not able to take advantage of the potential for manufacturing scale 
economies Nth-of-a-kind (NOAK) units could enjoy, and so they remain civil nuclear 
construction projects, with the attendant constraints and problems large-scale projects 
for FOAK reactors in advanced economies have faced – but with much lower resulting 
unit capacity.  

 

 

Figure 8 – Key SMR cost estimates for advanced economies. Data sources: IEA (2025); NREL (2025); US DOE (2024); 
Hee et al (2024). Notes: * = from IEA & NREL. Graphic created by Greenwheel. Forecasts and estimates are based 
upon subjective assumptions about circumstances and events that may not yet have taken place and may never do 
so.  
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The potentially high cost of FOAK and other early SMR units is supported by 
experience to date. Construction times and costs for many SMR units constructed, 
under construction or in advanced development have grown rapidly and substantially 
above original estimates, to values exceeding those experienced for recent large scale 
nuclear in advanced economies.2,vii 

In Figure 8 the IEA and NREL project SMR costs to decline over time, but to different 
degrees under scenarios with differing assumptions around the rate and scale of 
deployment and learning rates. LCOE ranges are also significantly driven by 
assumptions around the weighted cost of capital (WACC), cost recovery periods and 
operational requirements (e.g. staffing levels). Despite this, costs targeted by some 
leading developers are at or below the lower end of the estimates for 2050 under 
even the most optimistic scenarios.3,i 

Overall, SMR costs remain highly uncertain. Future costs depend substantially on 
achieving a significant rate and scale of deployment. However, this is in turn 
dependent on the characteristics of different SMR designs and developers, and 
wider external factors largely outside their control – as illustrated in Figure 9. 

These factors may may interact to generate both positive and negative feedback 
loops. For example, growing deployment of an individual design may demonstrate its 
value proposition, and generate learning to further simplify or modularise, which can 
reduce costs to stimulate further deployment and value demonstration. Similarly, 
growing deployment can solidify supply chains and stimulate further policy support and 
regulatory learning. However, if FOAK units fail to demonstrate sufficient value (e.g. they 
come in significantly over time and budget), for example, further orders may not 
materialise, closing opportunities for further scale, learning and cost reductions. 

Whether positive feedback loops can be induced to allow SMRs to achieve 
significant scale would likely require highly conducive technology and developer 
characteristics and external factors leading up to and during FOAK and other early 
deployment. 

 

 
2 For example, as of 2023 costs for the Nuscale, X-Energy and GE-Hitatch reactors have reached ~$21,500/kW, $18,000/kW 
and ~$12,500/kW respectively. These values are ~2.2x, ~4x and 4.3x estimates given just a few years earlier for each reactor, 
respectively, and may increase further once FOAK units have been built. 
3 For example, GE Hitachi, Moltex Energy and Westinghouse are targeting costs of $2,250/kW, %2,000/kW and $3,400/kW, 
respectively. 



 
 

Might they use less land and water, and produce less waste? 

Land 

A typical large-scale nuclear plant requires a site of around 3 km2.viii SMRs may 
require smaller sites, both per unit and on a capacity basis, although requirements 
may vary significantly. For example, according the their developers the X-energy Xe-100 
may require less than 2 km2 for 1 GW capacity, while the Rolls-Royce SMR may require 
significantly less than 0.5 km2 for the same capacity.4 However, this is yet to be 
demonstrated in practice, and it is not yet clear what different regulators might 
allow. 

Water 

Traditional large-scale, water-cooled reactors use water in two direct ways. The first 
is to absorb the heat from the nuclear reaction, which either turns the cooling water 
directly into steam to spin a turbine to generate electricity (a Boiling Water Reactor – 

 
4 According to the IAEA (2024), the Xe-100 plant requirements 130,900m2 per 82.5 MW reactor, while the Rolls-Royce SMR 
requires 54,500m2 per 470MW reactor. 

Figure 9 - Factors likely to determine the rate and scale of deployment of SMRs, and potential cost evolution. 
Data sources include: US DOE (2024); Mignacca & Locatellii (2020); IEEFA (2024). Graphic created by Greenwheel. 

https://aris.iaea.org/Publications/SMR_catalogue_2024.pdf
https://liftoff.energy.gov/wp-content/uploads/2024/10/LIFTOFF_DOE_Advanced-Nuclear_Updated-2.5.25.pdf
https://www.sciencedirect.com/science/article/pii/S1364032119307270
https://ieefa.org/sites/default/files/2024-05/SMRs%20Still%20Too%20Expensive%20Too%20Slow%20Too%20Risky_May%202024.pdf


 
 

BWR), or the cooling water heats under high pressure to remain liquid but passes through 
a heat exchanger to heat an external water loop, which instead boils into steam to pass 
through a turbine to generate electricity (a Pressurised Water Reactor - PWR). 

Under both designs, the water used in directly in the system remains in a closed loop 
and is not ‘consumed’. However, the steam generated to spin the turbine passes 
through a condenser to liquify it for re-use. Recondensing steam for re-use requires 
and external water source to absorb and disperse the heat, usually the ocean, a lake 
or river. This water is either in turned into steam and released from cooling towers 
or taken in larger volumes and returned to the water body at higher temperatures 
(which can be detrimental to aquatic ecosystems).ix 

Large-scale reactors which release steam through cooling towers consume around 
3,000 l/MWh on average. Those that return liquid water consume around half this 
on average but use much more. These values are relatively high compared to other 
thermal generation technologies and given the typically larger capacity of individual 
nuclear plants, they use and/or consume significantly more water on an absolute basis 
per plant compared to other power generation technologies.x 

Most SMR designs at advanced stages are water-cooled. Although they may use less 
water per installation, they are not likely to consume less water than equivalent 
large-scale reactors per unit of electricity generated and may use more.xi,xii 

Steam can also be re-condensed using ambient air, known as ‘dry-cooling’. This 
approach consumes no water, which also allows greater flexibility in location. 
However, dry cooling is much more expensive, less efficient (particularly in warm 
environments), and requires an estimated 5-7% of the electricity output of the 
reactor to run.ix,xiii Very few commercial, large-scale water-cooled reactors use dry 
cooling, although some water-cooled SMR designs may be able to use it.xiii 

The water consumed by new reactor designs like gas-cooled, molten salt or some 
fast reactors may be lower per unit of electricity generated, due to their higher 
thermal and electrical output, and the ability for this high-temperature ‘waste’ heat to be 
used for other purposes (Figure 2).ix,xiii 

Waste 

SMRs may generate different volumes of more complex waste that traditional 
large-scale reactors, although this may vary significantly by SMR design.xiv,xv 

Due to their smaller cores, SMRs may experience more ‘neutron leakage’, which can 
increase generation of intermediate-level radioactive waste. However, the volume and 
characteristics of other forms of waste may vary substantially. For example, HALEU fuels 
may generate more depleted uranium waste in its fabrication, but less waste once used 
– although this waste may have higher radiotoxicity. Overall, there remains relatively 
little information in the public domain on the likely waste characteristics of many 
SMR designs.xvi 



 
 

The use of novel coolants and/or moderators (e.g. molten salt) may require 
additional or alternative waste management. However, the waste management 
technologies and technique for gas-cooled reactors have not yet been fully 
demonstrated, while those for molten salt and fast reactors remain largely at the 
basic research stage.xvi 

Might they be safer? 

Measured in terms of attributable deaths across the value chain and total electricity 
generation, nuclear power is one of the safest forms of power generation.xvii Despite 
this, although serious incidents are low probability, they can be high impact. 

SMRs may have three key safety advantages over traditional large-scale nuclear 
reactors (Figure 10). 

While such features can help prevent incidents in case of failures or errors in 
reactor operation, they don’t address the potential risk from natural disaster, 
attack or other malicious intent. By multiplying the number of nuclear sites, exposure 
to natural hazards or malicious intent may grow (including through greater transport of 
fuel and waste to and from these sites), and potentially limit the ability of off-site security 
personnel to respond. This is particularly the case for remote sites.xviii There are 
concerns that such security factors have so far had relatively little attention.xix 

What other factors influence their prospects? 

As illustrated by Figure 9, a range of factors external to the characteristics of SMRs 
themselves are crucial in determining their prospects for future growth. 

Political and policy support 

At COP28 in December 2023, more than 20 countries pledged to collectively triple global 
nuclear capacity by 2050. An additional 6 countries joined the pledge at COP29 in 2024.i 

Figure 10 - Factors influencing the safety profile of SMRs relative to large-scale reactors. Information sources: EC (2025); 
WNA (2024); Lee (2024); IAEA (2025). Graphic created by Greenwheel. 

https://energy.ec.europa.eu/topics/nuclear-energy/small-modular-reactors/small-modular-reactors-explained_en
https://world-nuclear.org/information-library/nuclear-fuel-cycle/nuclear-power-reactors/small-nuclear-power-reactors
https://link.springer.com/article/10.1007/s11814-024-00207-0
https://www.iaea.org/newscenter/news/what-are-molten-salt-reactors


 
 

At present, over 40 countries are planning to or are considering building new nuclear 
reactors, including 10 that have no prior experience. SMRs are explicitly planned in 
around 15 countries and are under discussion in a further 19 countries (Figure 11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Given the relatively unique characteristics of nuclear power to date, particularly 
scale and safety and security concerns, governments have often been involved in 
directing and financing its construction (including through state-owned utilities). Even 
where this has been less the case, such as in the USA and Finland, policy support has 
remained critical. This is likely to extend to SMRs. 

Figure 12 summarises policy frameworks in some key countries and regions where SMR 
development is explicitly supported by public policy. 

 

 

 

 

 

Role of SMRs in countries with new nuclear capacity plans 

Figure 11 - Role of SMRs in countries with plans for new nuclear capacity. Data Source: IEA (2025). Graphic 
created by Greenwheel. Forecasts and estimates are based upon subjective assumptions about circumstances 
and events that may not yet have taken place and may never do so. 
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Figure 12 - Policy frameworks in key countries and regions. Information sources include: IEA (2025) US DOE (2024); The 
White House (2024); GBN (2025); DSIT (2025); WNN (2024); WNN (2025); WNA (2025a); WNA (2025b); MITCR (2023); NBP 
(2024); NRCAN (2025) Graphic created by Greenwheel. Forecasts and estimates are based upon subjective assumptions 
about circumstances and events that may not yet have taken place and may never do so. 

https://www.iea.org/reports/the-path-to-a-new-era-for-nuclear-energy
https://www.energy.gov/ne/articles/us-sets-targets-triple-nuclear-energy-capacity-2050
https://bidenwhitehouse.archives.gov/wp-content/uploads/2024/11/US-Nuclear-Energy-Deployment-Framework.pdf
https://bidenwhitehouse.archives.gov/wp-content/uploads/2024/11/US-Nuclear-Energy-Deployment-Framework.pdf
https://www.gov.uk/government/news/gbn-at-final-stage-of-small-modular-reactor-selection-process
https://www.gov.uk/government/publications/ai-opportunities-action-plan-government-response/ai-opportunities-action-plan-government-response
https://www.world-nuclear-news.org/articles/smr-developers-enlist-french-nuclear-expertise
https://world-nuclear-news.org/articles/india-and-france-aim-to-establish-smr-and-amr-partnership
https://world-nuclear.org/information-library/country-profiles/countries-a-f/czech-republic
https://world-nuclear.org/information-library/country-profiles/countries-g-n/india
https://mpo.gov.cz/assets/en/guidepost/for-the-media/press-releases/2023/11/Czech-SMR-Roadmap_EN.pdf
https://www.nuclearbusiness-platform.com/media/insights/chinas-nuclear-power-program-a-blueprint-for-global-competitiveness
https://www.nuclearbusiness-platform.com/media/insights/chinas-nuclear-power-program-a-blueprint-for-global-competitiveness
https://smractionplan.ca/smr-action-plan-full-list-actions


 
 

 

Nuclear regulation & processes 

Existing nuclear regulatory procedures are centred on large-scale nuclear reactors 
of relatively similar designs (i.e. water-cooled). This may present a significant barrier 
to the deployment of SMRs – particularly Generation IV reactors. Figure 13 illustrates 
the broad steps a new nuclear reactor design must pass through before it reaches 
operation (although the specifics will vary by country). 

 

Figure 13 - Broad steps in nuclear power certification and potential difficulties faced by SMRs. Information sources 
include: IEA (2025); Sam et al (2023); OECD (2021) Graphic created by Greenwheel.  
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https://www.sciencedirect.com/science/article/pii/S0149197023002949
https://www.oecd-nea.org/upload/docs/application/pdf/2021-03/7560_smr_report.pdf


 
 

The range of potential issues illustrated in Figure 13 mean that the time between 
submitting a new SMR for design certification to receiving a construction licence in 
that same jurisdiction could comfortably exceed a decade in the USA and UK, for 
example.5 

Once a specific design has received approval this step would not need to be repeated for 
a given jurisdiction, but remaining licencing steps could still take several years, and any 
design modifications may require re-approval. 

Regulatory barriers to SMR deployment have been recognised, with several 
countries beginning to take action to tackle them. For example, in November 2024 
the US nuclear regulator proposed a number of changes to the licencing framework, 
including moving to a probabilistic rather than prescriptive risk assessment framework, 
and efficiencies for multiple plants of common design.xx In February 2025, the UK 
government announced changes to nuclear site restrictions, streamlined regulations with 
explicit recognition of SMRs, and a new Nuclear Regulatory Taskforce to identify further 
improvements and efficiencies.xxi However, many of these changes are yet to be fully 
implemented, and their effect remains unclear. 

Some international collaborations are also under discussion or being trialled, but 
these also remain in the early stages, and their overall potential also remains 
unclear. For example, in May 2024 the US, UK and Canada agreed to co-operate to 
develop shared approaches for reviewing common technical safety issues to meet each 
country’s regulatory requirements. This builds on an existing US-Canada test regulatory 
cooperation process using SMR designs under review in both the United States and 
Canada.,xxii 

Additionally, some countries may choose to deny licences to SMR designs 
developed in countries seen as geopolitical or otherwise strategic rivals, primarily 
on safety and security grounds. 

Financing 

Due to their scale, capital intensity and long lead times, in most countries, large-
scale nuclear has largely financed through the State, either directly, through state-
owned utilities, or indirectly using concessionary finance or supportive tariff structures 
(e.g. contracts-for-difference). The smaller size, lower cost per unit and potentially 
shorter lead times means that SMRs could mean a greater role for commercial 
investors, as with large offshore wind or hydropower projects.i 

However, most SMR designs already built, under construction or at advanced 
stages so far have had or been promised some form of public financial support, 
either in the form of direct investment in the case of those already built or under 

 
5 In the UK, a new nuclear power station takes around five years to receive Generic Design Approval, while the recent 
Sizewell C site licencing took four years to secure (EA, 2022; Sizewell C, 2024)  

https://environmentagency.blog.gov.uk/2022/02/07/enabling-nuclear-regulation-for-a-net-zero-future/
https://www.sizewellc.com/news-views/first-nuclear-site-licence-in-over-a-decade-granted-to-sizewell-c/


 
 

construction, or in the form of grants or loan guarantees for those in advanced stages of 
development (see Figures 5 and 7). 

A significant proportion of the currently planned 25 GW of SMR capacity are being 
supported through long-term power purchase agreements (PPAs), either from 
utilities or direct offtakers such as data centres. PPAs with offtakers with strong credit 
ratings helps developers receive financing but minimises the risk to the offtakers of 
directly investing in developing and operating an SMR.i 

Over time, if SMRs become successfully demonstrated and deployed, public financial 
support may shrink and commercial investors may become more directly involved 
and lower the cost of capital they offer, particularly if offtakers are secured 
through PPAs or other novel structures. However, the WACC available to SMR 
developers may remain above that historically available to many large-scale nuclear 
projects, which in most cases have able to receive capital at costs approaching the low 
rates available to their Sovereign backers.i 

Value chain 

Fuels 

As with existing large-scale reactors, most SMR designs use uranium as the primary 
fuel, regardless of the specific type of the reactor or fuel medium (e.g. pellets, molten 
salt). Uranium supply has four key steps. Uranium is first mined and milled into yellow 
cake, then converted to uranium hexafluoride (UF6), when undergoes enrichment to 
increase the concentration of the fissile uranium-235 isotope for use in nuclear reactors.  

As illustrated in Figure 14, each of these steps is highly concentrated. Just four 
countries account for nearly three-quarters of global uranium mining and milling 
(Kazakhstan, Canada, Namibia and Australia).i Just five plants account for all 
conversation activity (one in each country represented), and nearly all global 
enrichment capacity is owned by four companies: China National Nuclear Corporation 
(CNNC), Russia’s Rosatom, Urenco (a British-German-Dutch consortium) and France’s 
Orano.i 

Although current and announced supply chain capacity is likely to be sufficient to 
satisfy demand for uranium fuel in its traditional form in the medium-term, even 
with relatively rapid grow in nuclear power, some countries have been to seek to 
diversify their supply to manage risks, particularly through the development of 
conversion and enrichment capacity in advanced economies.i 

Many SMRs using Generation IV reactor designs (e.g. molten salt) are being 
designed to use high-assay low-enriched uranium (HALEU) fuel, which despite its 
name is uranium enriched to a higher degree than for traditional nuclear fuel. However, 
only Russia and China currently have capacity to produce HALEU at scale.xxiii 



 
 

Other countries, such as the USA and UK, have active strategies and public funding 
to develop domestic HALEU production capacity. The UK government has announced 
£300 million to establish domestic HALEU capacity by 2031, with £196 million allocated to 
Urenco in May 2024 to deliver Europe’s first commercial-scale HALEU plant, alongside 
their existing enrichment capacity in England.xxiv The US Department of Energy has 
created a HALEU consortium and co-funded a demonstration production facility in Ohio.i 
Over time it is expected that the HALEU supply chain would expand in response to 
commercial incentives, but this would require sufficient long-term demand. 

Following enrichment, the very final step fabrication into the final fuel form (e.g. 
pellets). Fabrication capacity for traditional fuels (pellets) is relatively large and 
geographically diversified.xxv However, high-temperature designs such as molten-
salt reactors use tristructural-isotropic (TRISO) fuel, usually with HALEU fuel. China 
has the only commercial scale TRISO fabrication plant, although commercial 
capacity is under development in the USA.xxv 

Components 

Components for nuclear reactors are subject to strict specifications and quality 
standards. However, the lack of nuclear build in advanced economies in recent 
years has reduced the number of suppliers with proven capability to deliver such 
components. Such incapacity contributed to delays and cost overruns in recent nuclear 
projects. Many of these specifications and quality standards also differ between 
countries. xxvi 

Figure 14 - Market share of the four main steps of uranium fuel supply, by country and company (where 
most relevant). Data sources: IEA (2025); WNA (2024a); WNA (2024b). Graphic created by Greenwheel. 
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For SMRs, some specifications and standards may need to be updated or developed. 
This is particularly the case for SMRs using Generation IV reactor designs.xxvi 

However, some SMR developers are planning to maximise the use of serially 
manufactured items such as turbine sets, cooling equipment, pumps and values, that 
are widely used in industrial facilities and are generally widely available. In many cases, 
such equipment may be suitable for certification for use in nuclear applications.xxvii 

However, this is not always the case. Some SMR designs (e.g. gas-cooled reactors) 
incorporate turbines usually used in gas power stations, which due to growing demand 
for new gas-fired capacity have growing lead times in some regions. In the USA, for 
example, lead times are currently 7-8 years.xxviii 

Personnel 

The reduced construction time claimed for SMRs is associated with reduced labour 
hours for construction of each unit, which could reduce further with increased 
modularisation (both in terms of manufacturing and deployment), and learning - 
although required labour hours per unit capacity may remain higher than for large-
scale reactors.xxix 

FOAK and other early units may remain predominantly construction rather than 
assembly projects, with potentially similar labour hour requirements. Similar skills to 
large-scale reactor construction are also likely to be required. The growing lack of 
qualified personnel could present a significant bottleneck to SMR development, 
particularly if multiple units are to be constructed in parallel. 

Similarly, SMRs may require fewer staff per unit in operation, but more staff per 
unit capacity. Data varies, but large-scale reactors require around one person per MW 
capacity (across all areas of site operation). SMRs may require around 1.5 people per MW 
capacity, but this may reduce to <1 for sites with several SMR units deployed in parallel.xxx 
However, this depends on the individual SMR design, and the degree to which 
regulators permit different standards from large-scale reactors.xxxi 

Competition with other technologies 

Crucial to the prospects for SMRs are its ability to sufficiently deliver forms of value 
that competing electricity supply technologies cannot – including large-scale nuclear. 
If claims from proponents are met, then SMRs could over time achieve substantial 
deployment as projected in Figure 1, across the applications illustrated in Figure 2. 

However, for many designs successfully demonstrating this greater value and 
achieving scale may prove difficult, as described above. 

Early units are not likely to produce cheaper electricity than large-scale nuclear, 
most utility-scale renewables, and natural gas. As they may find it challenging to 
deliver rapid cost reductions, they are not likely to significantly challenge other 



 
 

forms of grid power on this basis (Figure 15) – particularly as key renewable 
technologies are likely to continue to experience declining costs. 

Despite this, their potential to provide non-intermittent low-carbon power may 
provide value to the grid and support deployment. However, other solutions may 
also be able to serve this purpose, including large-scale nuclear, hydropower, batteries, 
and geothermal. In some cases, large-scale nuclear or hydropower may be infeasible, for 
example to their capital intensity, lack of resource or political opposition. Although 
advanced geothermal technologies may have significant potential, they also remain 
relatively nascent.xxxii Batteries - either standalone utility scale installations or coupled 
directly with renewables - may be highly cost-effective in helping to balance intermittent 
renewable supply but may be limited in capacity. This limitation may be overcome in 
some instances when coupled with other solutions such as high degrees of 
interconnection with neighbouring grids or market incentives to encourage load shifting. 
In instances where ensuring grid stability may come at the expense of full 
decarbonisation, gas power may instead be attractive. 

In general, combinations of these solutions may reduce the available space for SMRs 
to compete on this basis in many instances, but some significant niche 
opportunities to supply grid power may remain, such as on relatively small grids 
where land, renewable resources and gas supply is limited, and substantial 
interconnection to other grids is infeasible. 

For these reasons, the opportunity space for off-grid applications may be wider, 
where a grid connection is not feasible or able to deliver sufficient, reliable and consistent 
power, a low-carbon solution remains important (or gas power is otherwise infeasible), 
and cost is not a priority consideration. This may include some data centres, but not 

Figure 15 - Projected average LCOE range for key electricity generating technologies in the USA in 2030. Data 
Sources: Lazard (2024); NREL (2024). Graphic created by Greenwheel. Forecasts and estimates are based upon 
subjective assumptions about circumstances and events that may not yet have taken place and may never do 
so. 
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where developers are seeking to deploy SMRs primarily to avoid current grid 
connection queues, given the potential for long lead times for SMRs themselves. 

SMRs may also face significant competition from alternatives to decarbonising 
industrial and other forms of heating, particularly from direct electrification, although 
niche opportunities may emerge where significant demand for low carbon power and 
heat are co-located, such as in some industrial clusters with few alternative options. SMRs 
may be well suited to powering some forms of marine transport, but few SMR 
designs under development are intended for this. 
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Key Information 
No investment strategy or risk management technique can guarantee returns or 
eliminate risks in any market environment. Past performance is not a guide to future 
results. The prices of investments and income from them may fall as well as rise and an 
investor’s investment is subject to potential loss, in whole or in part. Forecasts and 
estimates are based upon subjective assumptions about circumstances and events that 
may not yet have taken place and may never do so. The statements and opinions 
expressed in this article are those of the author as of the date of publication, and do not 
necessarily represent the view of Redwheel. This article does not constitute investment 
advice and the information shown is for illustrative purposes only. Whilst updated figures 
are not available for all sources, we have performed further analysis and believe that this 
data has not significantly changed and is reflective for 2025. 
 
Disclaimer 
Redwheel ® and Ecofin ® are registered trademarks of RWC Partners Limited (“RWC“). 
The term “Redwheel“ may include any one or more Redwheel branded regulated entities 
including, RWC Asset Management LLP which is authorised and regulated by the UK 
Financial Conduct Authority and the US Securities and Exchange Commission (“SEC“); 
RWC Asset Advisors (US) LLC, which is registered with the SEC; RWC Singapore (Pte) 
Limited, which is licensed as a Licensed Fund Management Company by the Monetary 
Authority of Singapore; Redwheel Australia Pty Ltd is an Australian Financial Services 
Licensee with the Australian Securities and Investment Commission; and Redwheel 
Europe Fondsmæglerselskab A/S (“Redwheel Europe“) which is regulated by the Danish 
Financial Supervisory Authority. Redwheel may act as investment manager or adviser, or 
otherwise provide services, to more than one product pursuing a similar investment 
strategy or focus to the product detailed in this document. Redwheel and RWC (together 
“Redwheel Group“) seeks to minimise any conflicts of interest, and endeavours to act at 
all times in accordance with its legal and regulatory obligations as well as its own policies 
and codes of conduct. This document is directed only at professional, institutional, 
wholesale or qualified investors. The services provided by Redwheel are available only to 
such persons. It is not intended for distribution to and should not be relied on by any 
person who would qualify as a retail or individual investor in any jurisdiction or for 
distribution to, or use by, any person or entity in any jurisdiction where such distribution 
or use would be contrary to local law or regulation. This document has been prepared for 
general information purposes only and has not been delivered for registration in any 
jurisdiction nor has its content been reviewed or approved by any regulatory authority in 
any jurisdiction. The information contained herein does not constitute: (i) a binding legal 
agreement; (ii) legal, regulatory, tax, accounting or other advice; (iii) an offer, 
recommendation or solicitation to buy or sell shares in any fund, security, commodity, 
financial instrument or derivative linked to, or otherwise included in a portfolio managed 
or advised by Redwheel; or (iv) an offer to enter into any other transaction whatsoever 
(each a “Transaction“). Redwheel Group bears no responsibility for your investment 
research and/or investment decisions and you should consult your own lawyer, 
accountant, tax adviser or other professional adviser before entering into any 
Transaction. No representations and/or warranties are made that the information 



 
 

 
contained herein is either up to date and/or accurate and is not intended to be used or 
relied upon by any counterparty, investor or any other third party. Redwheel Group uses 
information from third party vendors, such as statistical and other data, that it believes 
to be reliable. However, the accuracy of this data, which may be used to calculate results 
or otherwise compile data that finds its way over time into Redwheel Group research data 
stored on its systems, is not guaranteed. If such information is not accurate, some of the 
conclusions reached or statements made may be adversely affected. Any opinion 
expressed herein, which may be subjective in nature, may not be shared by all directors, 
officers, employees, or representatives of Redwheel Group and may be subject to change 
without notice. Redwheel Group is not liable for any decisions made or actions or 
inactions taken by you or others based on the contents of this document and neither 
Redwheel Group nor any of its 22 directors, officers, employees, or representatives 
(including affiliates) accepts any liability whatsoever for any errors and/or omissions or 
for any direct, indirect, special, incidental, or consequential loss, damages, or expenses 
of any kind howsoever arising from the use of, or reliance on, any information contained 
herein. Information contained in this document should not be viewed as indicative of 
future results. Past performance of any Transaction is not indicative of future results. The 
value of investments can go down as well as up. Certain assumptions and forward looking 
statements may have been made either for modelling purposes, to simplify the 
presentation and/or calculation of any projections or estimates contained herein and 
Redwheel Group does not represent that that any such assumptions or statements will 
reflect actual future events or that all assumptions have been considered or stated. There 
can be no assurance that estimated returns or projections will be realised or that actual 
returns or performance results will not materially differ from those estimated herein. 
Some of the information contained in this document may be aggregated data of 
Transactions executed by Redwheel that has been compiled so as not to identify the 
underlying Transactions of any particular customer. No representations or warranties of 
any kind are intended or should be inferred with respect to the economic return from, or 
the tax consequences of, an investment in a Redwheel-managed fund. 22 This document 
expresses no views as to the suitability or appropriateness of the fund or any other 
investments described herein to the individual circumstances of any recipient. The 
information transmitted is intended only for the person or entity to which it has been 
given and may contain confidential and/or privileged material. In accepting receipt of the 
information transmitted you agree that you and/or your affiliates, partners, directors, 
officers and employees, as applicable, will keep all information strictly confidential. Any 
review, retransmission, dissemination or other use of, or taking of any action in reliance 
upon, this information is prohibited. Any distribution or reproduction of this document is 
not authorised and is prohibited without the express written consent of Redwheel Group. 
The risks of investment are detailed in the Prospectus and should be considered in 
conjunction with your investment adviser. Please refer to the Prospectus, Key Investor 
Information Document (UCITS KIID), Key Information Document (PRIIPS KID), Summary of 
Investor Rights and other legal documents as well as annual and semi-annual reports 
before making investment decisions; these documents are available free of charge from 
RWC or on RWC’s website: https://www.redwheel.com/ and available in local languages 
where required. RWC as the global distributor has the right to terminate the 
arrangements made for marketing Redwheel Funds in certain jurisdictions and to certain 
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investors. Redwheel Europe is the sub-distributor of shares in Redwheel Funds in the 
European Economic Area (“EEA“) and is regulated by the Danish Financial Supervisory 
Authority. This document is not a solicitation or an offer to buy or sell any fund or other 
investment and is issued in the UK by RWC and in the EEA by RW Europe. This document 
does not constitute investment, legal or tax advice and expresses no views as to the 
suitability or appropriateness of any investment and is provided for information 
purposes only. The views expressed in the commentary are those of the investment 
team. Funds managed by Redwheel are not, and will not be, registered under the 
Securities Act of 1933 (the “Securities Act“) and are not available for purchase by US 
persons (as defined in Regulation S under the Securities Act) except to persons who are 
“qualified purchasers“ (as defined in the Investment Company Act of 1940) and 
“accredited investors“ (as defined in Rule 501(a) under the Securities Act). This document 
does not constitute an offer to sell, purchase, subscribe for or otherwise invest in units 
or shares of any fund managed by Redwheel. Any offering is made only pursuant to the 
relevant offering document and the relevant subscription application. Prospective 
investors should review the offering memorandum in its entirety, including the risk 
factors in the offering memorandum, before making a decision to invest. 
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