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Executive summary

The Danish Energy Agency has asked Ea Energy Analyses and VTT Technical
Research Centre of Finland to investigate the possibilities and conse-
guences of integrating the compact nuclear reactor technology called Small
Modular Reactor technologies (SMR technologies) into the Danish energy
system. The project covers two subtasks: 1) a technical analysis of SMR tech-
nologies in a Danish context and 2) a system analysis that will assess the
effects and value of integrating SMR into the Danish energy system. This
report constitutes the reporting of the first part.

Denmark removed the possibility to include nuclear power in the energy
mix in 1985. In recent years, the topic has returned to political debate in the
context of rising concern on climate change mitigation and energy security,
with growing media attention and studies particularly on small modular re-
actors (SMR). Denmark has a limited experience on nuclear from operating
research reactors from 1960 to 2000s, which required basic regulation, ed-
ucation, and operational capacity. However, there is more than 20-year gap
at the moment, and research reactors differ greatly from commercial nu-
clear power plants in scale, safety requirements, licensing, and long-term
responsibilities. Historical experience therefore offers background, but not
readiness for deployment. Building national expertise will require invest-
ments in education, training, and international collaboration, drawing on
the experience of neighbouring countries with nuclear power such as Swe-
den and Finland. Public engagement is also essential, both for identifying
potential sites for nuclear power plants and for fostering public acceptance.

The most mature SMR technologies are based on light water reactor (LWR)
designs, which build on decades of operational experience and established
safety records. The term SMR includes a wide range of technologies with
different sizes. Some SMRs on the larger range might have electric power
up to 470 MW, although the usual definition limit is up to 300 MW. Some
LWR-SMRs are developed by scaling down existing large-scale reactors,
while adding passive safety solutions, modularity, and partial factory fabri-
cation. Some SMRs are very small (microreactors) and might provide only
20 MW electricity or 50 MW heat, but also these share the passive safety,
modaularity, and serial manufacturing design principles.



LWR-SMRs are advancing fast through licensing and demonstration phases
in North America, Europe, and Asia. Their modularity, passive safety fea-
tures, and potential for standard licensing are expected to address the high
cost and delays of construction projects that have hindered large-scale nu-
clear projects in Western countries. As a result, LWR-SMRs are anticipated
to be the first new nuclear technologies to reach commercial operation. The
first Western LWR-SMRs are expected to be operational around 2030 fol-
lowed by more manufacturers during the 2030s. However, as the technolo-
gies are still under development and Denmark is in the initial phase of pos-
sible nuclear deployment, the earliest expected timeline for LWR-SMRs in
Denmark is in the 2040s, although ambitious and robust political and in-
dustrial efforts could enable slightly earlier deployment.

Generation IV SMRs offer significant long-term potential by providing high
temperature heat for industry, higher thermal efficiency, wider range of nu-
clear fuels, possibility to breed additional fuel, and advanced waste man-
agement by burning used fuel or converting transuranic elements. How-
ever, Gen IV SMRs remain less mature, with limited operating experience
and ongoing requirements for demonstration and regulatory approval.
Their possible commercial deployment is generally expected to follow
LWR-based SMRs as further research, pilot projects, and international co-
operation are needed to realize their full benefits.

The expected costs of SMRs in the 2040s and 2050s are extremely difficult
to project, because Western manufacturers are still proceeding towards
their first units. There are very large differences on the estimated construc-
tion cost levels of the first-of-a-kind (FOAK) units ranging from 6 M€/MWe
to 16 M€/MWe and uncertainty on what manufacturers include in construc-
tion cost estimates. Due to long lead times and high capital costs, it is crit-
ical for the manufacturers to reach successful FOAK projects that would take
their SMR technologies on more favourable cost trajectories. The first actual
realized cost data can be expected when the first experiences from actual
serial production in Canada, UK and maybe Sweden could be expected be-
tween 2035 and 2040. Therefore, a main conclusion from this work is, that
it is probably 10 — 15 years too early to make trustworthy cost projections.
With that said, it is our central estimate that the overnight construction
costs in a Danish context could decrease to 8 M€/MWe in 2040 and ap-
proach 7 M€/MWe in 2050 with large uncertainties towards both optimistic
and pessimistic trajectories.



1 Introduction

Rapid electrification and increasing shares of wind and solar alongside the
reduced share of dispatchable power generation capacity in Europe have
opened a discussion on whether new nuclear technologies could support
European and Danish climate and energy goals.

Recent experiences with very large nuclear reactors have been difficult in
Europe and North America. Small Modular Reactors (SMRs) are aiming to
address the challenges by harvesting benefits of series manufacturing, sim-
plified design, standardized technology licensing, factory fabrication, flexi-
ble operation, and modular deployment. However, a part of these phases
will always remain site specific. In addition to electricity-only, many SMR
concepts offer also combined heat production in varying temperature lev-
els to cogenerate district heating and industrial steam. Manufacturers see
multiple outputs as additional income and improved load following op-
tions.

The purpose of this report is to give a clear and fact-based overview of the
global status of SMRs by reviewing the main developers, technologies, and
demonstration activities. The report also discusses nuclear industry on a
more general level by giving an overview of licensing and regulation, and
nuclear fuel and waste management.

There are currently over 100 SMR designs that we narrow down to Group 1
and Group 2 technologies according to criteria documented in Chapter 4.
Chapters 5 and 6 introduce these designs. To be clear, not all SMRs are the
same scale. Some SMRs at the higher end of the scale might have electric
power up to 470 MW. Some are developed by scaling down large-scale re-
actors, adding passive safety solutions, modularity, and partial factory fab-
rication. Some SMRs are very small (microreactors) and might provide only
20 MW electricity or 50 MW heat, but also these share the passive safety,
modularity, and serial manufacturing design principles.

The SMR cost estimates are yet very uncertain as only few are built, none in
western countries. Chapter 7 summarizes the information available from re-
cent experiences with very large reactors, data available from SMR manu-
facturers, and other modelling studies. In the end, we try to summarize the
cost estimates to form a solid source of information and to form three gen-
eral cost trajectories usable in further works.



2 From large scale nuclear to Small Modular Re-
actors

2.1 Challenges to build new large-scale reactors in Western
countries

In 2025, 31 countries had 416 operational nuclear power reactors with a
total capacity of 376 GW. The largest three nuclear countries are USA,
France, and China. The EU currently has 100 operational reactors with 98
GW capacity, which generated 23 % of EU'’s electricity in 2023.

In the last decade, nuclear capacity has been increasing in Asia and declin-
ing in Europe. Main reasons for the decline are Germany’s phase-out from
nuclear combined with significant difficulties in building new large nuclear
power plants.

While South Korea has achieved decreasing nuclear construction costs and
successful delivery schedules, recent large-scale reactor projects have
struggled in Europe and the United States. There have been multiple rea-
sons: Flagship designs like the EPR and AP1000 began constructions before
detailed designs were complete, leading to redesigns during construction.
The long pause between nuclear power plant generations thinned supply
chains and manufacturers needed to buy nuclear-grade components from
a shrinking pool of suppliers. Quality-control issues, such as faulty welds
and concrete flaws, added delays. Regulatory requirements were different
across national borders. The sheer scale of these projects made it difficult
to manage them effectively.

Realized costs have reflected these developments and the completed pro-
jects in the EU and US landed to a cost level of 7 000-8 000 USD/kWe. Four
projects under planning or construction in EU and USA even have estimated
costs above 12 000 USD/kWe'. However, South Korea has achieved a cost
level of 3 500 USD/kWe showing that this issue is not only about technol-
ogy, but also legislation, regulation, and experience on building nuclear.
Construction costs are discussed in detail in chapter 7.

! Hinkley Point C, Sizewell C, Vogtle 3&4, Lubiatowo-Kopalino



SMR manufacturers are learning from recent projects and are planning to
solve these issues with benefits of modularity, simplified design, and stand-
ard licensing. In addition, SMR manufacturers are aiming for new markets,
such as heat and steam.

2.2 From economy of scale to economy of modularity

The current state and past development of the nuclear energy industry has
led to heavy regulation which in addition is different in each country. This
has been one of the reasons why the manufacturers have increased the re-
actor size to larger and even larger nuclear power plant designs to maxim-
ize the economies of scale. The recent very large plant project challenges
have shown that while maximizing the scale, the nuclear power plant con-
struction projects have been very challenging from the civil engineering
and very large multinational co-operation project management perspec-
tives.

The main aim of the SMRs is to solve these previous challenges with differ-
ent approach utilizing modern industry methods and designing series man-
ufactured nuclear power plants with a modular design. The goal is to aim
for economy of modularity and modern factory-made and pre-assembled
components and elements to standardize the production and to minimize
the on-site construction needs. Smaller designs also enable simpler passive
and inherently safe systems.

The expected benefits of modularity can be seen only when manufacturers
have produced large enough fleet of units. The First-of-a-kind (FOAK) is still
a hurdle for SMR manufacturers.

2.3 Simplified design and passive safety

More than 90% of existing nuclear power plants are Light Water-cooled re-
actors typically categorized into either Boiling Water Reactors (BWR) or
Pressurized Water Reactors (PWR). In a BWR, water boils in the reactor and
the generated steam is routed directly to the turbine. In a PWR, the water
does not boil in the primary loop. Instead, the heat is transferred to a sec-
ondary loop through steam generators, which produces steam for the tur-
bine. These designs have proven reliable over decades of operation, but



they rely on complex systems with multiple pumps, extensive piping, and
active safety mechanisms. This complexity increases construction time,
costs, and operational risk. SMRs aim to simplify this architecture by inte-
grating major components, reducing reliance on active systems such as
pumps, and introducing passive safety features. Rather than simply scaling
down traditional reactors, SMRs are designed to combine the reactor core,
steam generators, and pressurizer into a single reactor module, eliminating
large piping and reducing the number of components as well as the volume
of steel and concrete. See Figure 1 below. The integral design also elimi-
nates the possibility of large break loss of coolant accidents, enhancing
safety. Some SMRs are located underground to simplify the durability re-
quirements of the concrete structures.
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Figure 1: Comparison of a conventional two-loop PWR and an integral SMR. Left: Tradli-
tional PWR layout with separate steam generators, reactor coolant pumps, and large pri-
mary coolant loops. Right: Integral SMR configuration where the core, steam generators,
pressurizer, and primary circuit components are all housed within a single reactor pressure
vessel.

2.4 From single licensing to standard licensing

The SMR manufacturers are treating SMRs as repeatable products applying
design-level approvals that could support multiple sites reducing duplica-
tion, speeding deployment, and lowering costs. If standard licensing ap-
proach succeeds, SMR licensing will evolve from the fragmented, site-spe-
cific reviews into a more coherent and scalable system.
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Rolls-Royce SMR is progressing through the UK Generic Design Assessment
(GDA) and is now in its final step. The UK GDA process is framed as a “stand-
ard” design approval that separates design review from later site licensing,
with the aim that a single, nationally accepted design can be used in multi-
ple projects after the planned first three Wylfa units in North Wales.

NuScale and i-SMR provide more examples. NuScale’s 50 MWe module was
the first SMR to receive an US National Regulatory Committee (NRC) design
certification, and the uprated 77 MWe module received Standard Design
Approval in May 2025. In South Korea, the i-SMR project is being developed
specifically with the goal of obtaining national Standard Design Approval
(SDA) from the Korean Nuclear Safety and Security Commission by around
2028. The approach follows the earlier SMART100 SMR, which already re-
ceived SDA and is now moving into safeguards review.

BWRX-300 development shows how vendors try to turn this logic into an
international standard design. GE Vernova Hitachi has completed two
phases of the Canadian vendor design review and secured a licence to con-
struct at OPG's Darlington site. In the USA, it is leveraging the already-cer-
tified ESBWR design through topical reports to streamline NRC review, and
in the UK the design has entered the second step of the UK GDA.

From the perspective of a country with no earlier nuclear energy plants, the
international licensing development aiming for standard type licenses al-
lows to utilize the licensing work and experience of other countries' regu-
lators.

However, it is not yet fully known what will be included in standard licenses
and what will remain under national licensing. For example, UK General De-
sign Agreement (GDA) is a design-level safety review before proposing any
site. It covers four themes: nuclear safety (how the design prevents acci-
dents, manages faults, etc.), radioactive waste and decommissioning strat-
egy (generated waste, on-site storages, decommissioning strategy, etc.),
environmental protection (effects on air, water, etc. including discharges
and normal operation), and security and safeguards (protection again phys-
ical threats, cyber security, handling of nuclear material, etc.). The most of-
ten suggested approach in literature is division of licensing into technol-
ogy-specific standard design license and separate site-specific approval,
which is still required for each site. [1], [2]
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2.5  From electricity only to deep decarbonization

Europe’s energy system isn't just about electricity — it's also about heat,
steam, and hydrogen. Roughly half of the EU’s final energy consumption
goes into heating and cooling. Europe'’s district heating (DH) networks sup-
ply about 600 TWh of heat annually. Most district heating networks across
Europe run at temperature levels around 100 °C, which is well within the
output range of modern light-water SMRs. Some reactor types are being
designed specifically for district heating production while other SMRs can
provide a cogeneration option.

Industry presents a difficult deep decarbonization challenge. In 2022, in-
dustry consumed a quarter of EU’s final energy consumption. Natural gas
and electricity dominate as energy sources. A substantial part of the indus-
trial heat is at temperature levels well within the reach of light water SMRs
and especially novel generation IV technologies, such as the Saltfoss’ and
Copenhagen Atomic’'s molten salt reactors.

Some expanding technologies, such as large-scale data centres and desal-
ination plants are targeted as probable customers for steady power supply,
where SMRs could be an option.

It is important to note that produced and supplied energy carriers, e.g. elec-
tricity, district heating, steam, have a significant impact on siting and regu-
lation. Electricity only units can be built further away from the populated
areas, district heating production units are closer to cities, and steam sup-
pliers should be very close to industrial end users. Chapter 3.3 provides
more information about licensing and regulation.

12



3 Small Modular Reactors

3.1 Developers and Industrial Actors

Currently, SMRs are actively developed in several countries worldwide. The
first IAEA’s Status of Small and Medium Sized Reactor Designs booklet
was published in 2012, including over 45 designs and started demonstra-
tion constructions, but including also medium sized (<700 MWe) reactors
[3]. In December 2025 IAEA’s Advanced Reactors Information System
(ARIS) database holds 119 designs at different stages of development in
December 2025 [4].

Figure 2 gives examples on the global view on SMR development. In the
US and Canada, the governments have supported the development for a
longer period, and there are tens of designs and projects. China has sev-
eral already on-going demonstration projects, and Russia has a long his-
tory and an existing ship reactor. South Korea has also long history of nu-
clear industry and several designs. In Europe, the UK has long supported
the development and included nuclear power in the Net Zero Strategy,
and has started Advanced Nuclear Fund, including developing domestic
SMRs and Advanced Modular Reactor demonstration by the early 2030s.
In France, SMR design development has also received support and there
are several designs.

13
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Figure 2. Global view of SMR developers. Text colour indicates reactor type: Light-water
SMRs are shown in green, and Generation IV SMRs in blue.

The European Commission recently launched the European Industrial Alli-
ance on SMRs in February 2024, with the target to accelerate the develop-
ment, demonstration, and deployment of SMRs in Europe by the early
2030s [5]. Besides many European actors developing designs, there are
also countries where there are plans for deployment and demonstration
projects. These include Norway, Finland, Sweden, Estonia, Poland, France,
Czech Republic, Netherlands. Several European projects are multinational
and in co-operation with global actors involved in total supply chains. The
most actors and projects target for the deployment around early 2030s
and aiming for serial production by 2040.

The first SMRs are moving towards the demonstration phase. Canadian
regulator has authorized construction of one BWRX-300 in April 2025 [6]
and Poland is aiming for a demonstration of the same SMR type [7]. UK is
progressing through roughly 4-year project of Generic Design assessment
of BWRX-300, Rolls Royce SMR, and SMR-300 [8]. In the US, Kairos Power
is building an engineering test unit of KP-FHR reactor [9]. In Finland,
Steady Energy is planning to build a similar engineering test unit of heat
only SMR LDR-50 to Helsinki district heating grid [10].

China is developing multiple SMR designs. The most mature project is the
ACP100 (Linglong One), a 125 MWe pressurized water SMR under

14



construction at Changjiang and possibly in operation during 2026, reflect-
ing the same core goals seen internationally: modular construction, pas-
sive safety, and serial manufacturing [11]. China has also demonstrated
modular advanced reactor technology through the HTR-PM, a high-tem-
perature gas-cooled reactor configured primarily for electricity genera-
tion, with industrial heat and cogeneration remaining potential future ap-
plications [12]. China has developed also heat-only reactor concepts, most
notably the DHR-400, a low-temperature light-water reactor intended for
district heating [13].

3.2 Main Technologies

SMR technologies include several different types of technologies, which
can be grouped into technological families: Light water reactors, High-
temperature gas-cooled reactors, fast reactors, and molten salt reactors.

Light Water-cooled SMRs are based on similar technology as the currently
most used conventional nuclear plants and are typically categorized into
either Boiling Water Reactors (BWR) or Pressurized Water Reactors (PWR).
Water has two functions in light water reactors: it is a moderator which
slows down the neutrons to the thermal spectrum where the likelihood of
nuclear fission reactions increases, and a coolant transferring heat out
from the core. PWRs consist of two loops: primary circuit and secondary
circuit which are connected through a steam generator. PWRs have high
pressure (up to 150-160 bars) to prevent water from boiling, while in
BWRs, steam is produced in the reactor which is directly circulated to the
turbines. BWRs have relatively high pressure (~70 bars) to allow controlled
boiling, higher operating temperature and thermal efficiency. LWR reactor
temperatures are limited to relative low temperatures (280 - 330 °C) de-
spite high pressure to avoid corrosion and stress-cracking of long-lived
steel components. Increasing the temperature further would require even
higher pressure and wall strength, bringing challenges in manufacturing
technology. Conventional PWRs are generally loop-type, but SMR designs
also include integral PWRs where the primary circuit components are inte-
grated inside the reactor pressure vessel. There are currently 14 land-
based and 6 marine-based water-cooled SMR designs. [4]

In most PWR designs, boric acid is diluted in the coolant to compensate
consumption of the nuclear fuel as the reactor operates over time. Boric
acid is not used in BWRs because the water bolls, instead, they rely on
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control rods and burnable absorbers, commonly containing gadolinium,
to compensate the nuclear fuel consumption. Also, Some SMR designs
based on PWR technology are designed to operate without borid acid
during normal conditions to enhance safety by avoiding risks such as bo-
ron diluction accidents and reducing corrosion. [14], [15]

High-temperature gas-cooled reactors (HTGR or GCR) use gas (usually he-
lium) as coolant and offer higher core outlet temperatures and higher
power efficiency. The high temperature is suitable for industries needing
higher temperatures (> 750°C) and hydrogen production. Very-high-tem-
perature-reactors technology (VHTR) is the advanced variant of HTGRs, of-
fering even higher temperatures, from 700 °C to 900 °C, and potentially
up to 1000 °C in the future. VHTR designs are usually based on prismatic
core or pebble bed core types. The designs based on prismatic core are
composed of stacked graphite elements which hold fuel and coolant
channels. The pebble bed designs are based on novel TRISO (Tri-structural
isotropic particle) fuel which improves the capability to withstand higher
temperatures while also retaining fission products under all operating
conditions. Another advantage is passive safety: the core structure and
moderator have high thermal conductivity enabling efficient heat removal
and thus, emergency core cooling systems used in LWR nuclear power
plants may not be needed. Also, HTGRs and other generation IV designs
exclude potential accident scenarios involving high pressure phenomena.
However, the main drawback for TRISO fuel is the cost of manufacturing
and the requirement of specialized fuel fabrication facilities. HTGRs and
VHTRs are ideal for cogeneration of electricity and heat, and the extremely
high temperatures make them capable of providing high efficiency hydro-
gen production. HTGR power plants were demonstrated already in 1960s,
but many of these early reactors had economic, operational or regulatory
and political difficulties. More recently Japan and China have been testing
HTGR reactors in 2000s and in 2023, the modern prototype Chinese High
Temperature Gas-Cooled Reactor — Pebble-bed Module (HTR-PM) entered
commercial operation [12], [16], [17]. [18]

Fast reactors (sodium/lead-cooled) can breed more fuel or use waste as a
fuel and reach higher temperatures. Sodium-cooled fast reactors (SFR) are
the most developed Generation IV technology with over 20 reactors oper-
ated historically. The use of liquid sodium coolant allows operation at at-
mospheric pressure; however, the maintenance is challenging in sodium
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filled environments. For example, maintenance of primary circuit pump re-
quires remote operations and SFRs have experienced numerous sodium
leaks in the past. [18]

Molten-salt reactors (MSR) use molten fluoride or chloride salt as coolant
and fuel and MSRs can reach high temperatures. MSR can be designed to
operate in thermal spectrum or fast spectrum. This liquid form of fuel in
MSRs allows continuous online refueling and removal of fission products,
providing flexibility in fuel composition. The liquid state of the fuel also
contributes to passive safety features, as the salt can drain into a cooled
configuration in emergency conditions, while supporting efficient recy-
cling of actinides and minimizing waste generation. The liquid fuel used in
molten-salt reactors presents drawbacks similar to the TRISO fuel, as both
rely on fuel technologies that fall outside the current commercial nuclear
fuel cycle. MSR designs would require new fuel-salt handling facilities and
the development of a dedicated fuel cycle, especially if the fuel is based
on thorium. Two research reactors have operated in the past: the Aircraft
Reactor Experiment (ARE) which operated in 1950 for around 221 hours
and Molten Salt Reactor Experiment (MSRE) which operated from 1965 to
1969, roughly 4 years. In China, a modern MSR prototype focusing on tho-
rium fuel cycle, TMSR-LF1 (liquid fuel thorium-based molten salt experi-
mental reactor), started operating in 2023 [19]. But so far, there isn't any
publicly available information about the reactor operation experience. As
drawback, the use of molten salt creates challenging operation conditions:
molten salts are extremely corrosive, complex chemistry of coolant and
fuel salts require continuous monitoring. [18], [20]

Some MSRs are designed to use thorium-based fuel, even though it could
be used in other reactor types also. Thorium-232 is the only naturally oc-
curring isotope of thorium. It is a fertile nuclide that can be converted into
the fissile uranium-233 through neutron capture followed by beta decay.
Because thorium itself is not fissile, thorium-based reactors require an ini-
tial inventory of fissile material such as U-235, U-233, or Pu-239 to sustain
criticality. While the conversion ratio is generally higher in fast reactors,
thorium can also be used in thermal reactors to breed additional fissile
fuel. The conversion ratio refers to the fissile production from fertile mate-
rial relative to fissile consumption. [21]

The Generation IV technologies with less operating experience require
more testing and demonstrations before licensing approval are thus
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generally expected to be commercially available later than LWR SMRs.
However, they have also several potential future benefits, which is the rea-
son they are also currently developed further with several different de-
signs, companies and countries. Their potential future opportunities in-
clude more compact design, if not using water as a moderator and cool-
ant. Also, passive safety system design can be designed simpler e.g. with
molten salt, that solidifies instead of releasing to the containment. Alt-
hough Generation IV technologies such as the aforementioned SFRs and
MSRs aim to reduce long-lived waste through higher burnup and actinide
recycling, geological disposal of nuclear waste remains necessary.

3.3  Licensing and regulation overview
3.3.1 Current status

Nuclear energy is regulated on a country-by-country basis. International
cooperation is conducted in IAEA’s regulatory framework and many re-
lated frameworks and forums such as IAEA Safety standards and SMR Reg-
ulators Forum [22]. Each country utilizing nuclear energy has its own na-
tional nuclear energy policy. Nuclear energy regulation is usually imple-
mented on top of other regulations on energy, construction, land use, and
environmental issues, and it usually includes more heavy and detailed reg-
ulation on fuel cycles, technical solutions, permitting processes etc. The
nuclear plants need to fulfil all the common and also nuclear energy spe-
cific regulations.

The conventional nuclear energy regulation has led to permitting plants
one by one, which has led to maximizing the economies of scale, as the
very detailed permitting process has also large costs. The rationale for
SMRs is to design and license several plants that have one single “type ap-
proval permit”, which could be applied in several countries. However, as
each country’'s regulations are different, there are challenges to fit the dif-
ferent regulations together. This challenge has been identified and has
been worked on in several regulation development forums and research
projects, e.g. ELSMOR (towards European Licensing of Small Modular Re-
actors). [23]

Most SMR designs implement passive safety systems, representing a sig-
nificant shift from conventional nuclear power plant designs. Passive
safety systems take advantage of natural forces such as gravity and natu-
ral heat convection, whereas active safety systems rely on active driving
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devices such as electrical or diesel motors. The passive safety systems
have the potential to simplify licensing, while reducing the costs of safety
systems and the need for maintenance. However, safety demonstrations
of passive safety systems are still under development, and nuclear regula-
tors worldwide might be cautious of licensing these systems.

The use of passive safety systems, together with the smaller reactor core
and reduced radioactive inventory, aim to limit the consequences of pos-
sible accident scenarios. On this basis, some SMR designs may justify
smaller precautionary action and emergency planning zones subject to
regulatory approval. As a result, SMRs may provide greater flexibility in sit-
ing, including closer proximity to population centres when the safety
demonstrations justify it. This is particularly relevant for district heating
applications, where reduced emergency planning requirements could al-
low SMRs to supply heat directly to urban areas while maintaining a high
level of nuclear safety.

While emergency planning requirements remain a national responsibility,
recent developments in Finland indicate that some regulators are begin-
ning to adapt existing frameworks to better account for the characteristics
of SMRs. The Finnish Radiation and Nuclear Safety Authority (STUK) has
updated its guidance on emergency response arrangements, replacing
fixed planning zones with a plant-specific approach. Under the new frame-
work, precautionary action and emergency planning zones are determined
on a case-by-case basis, taking into account reactor design and site char-
acteristics. This represents a departure from the previous regulation, which
mandated a uniform 5-kilometer exclusion zone and a 20-kilometer emer-
gency planning zone for all nuclear power plants. [24]

Despite these developments, most countries continue to apply emergency
planning frameworks that were originally developed for large nuclear
power plants, relying on fixed or distance-based planning assumptions.
This highlights the potential value of regulatory harmonization and shared
technical approaches as SMR deployment advances.

3.3.2 Harmonization of Nuclear Regulatory in the Nordics

Within the Nordic region, the harmonization of nuclear regulatory frame-
works has become increasingly important as countries respond to grow-

ing energy needs, the green transition, and evolving geopolitical circum-
stances. The Nordic countries have a long tradition of cooperation in

19



nuclear and radiation safety, supported by their cultural and geographical
proximity. This collaboration has been reinforced by the recognition that
nuclear safety challenges and public debates often transcend national
borders.

Recent developments, such as Finland and Sweden adopting policies that
enable new nuclear builds and advanced technologies, have highlighted
the need for more consistent regulatory approaches. The Nordic Strategy
Group has identified that, despite strong foundations for cooperation,
there is currently no dedicated forum for sharing expertise and aligning
regulatory practices in the nuclear field. To address this, the group recom-
mends establishing a formal forum for knowledge sharing on nuclear reg-
ulation, including public communications and stakeholder engagement
for new projects. Such a forum would help ensure that regulatory reviews
and processes are as consistent as possible, support the development of
joint training programs, and enhance the competence of regulators across
the region. [25]

Harmonization efforts are not limited to technical standards but also ex-
tend to public engagement and emergency preparedness. The Nordic
countries recognize the importance of monitoring public opinion, ex-
changing information on public debates, and ensuring transparency in
regulatory decisions. By aligning their regulatory approaches and
strengthening cooperation, the Nordics aim to streamline licensing for
new technologies like SMRs, improve cross-border emergency response,
and present a unified voice in international nuclear safety discussions.
Through enhanced cooperation, knowledge sharing, and strategic align-
ment, the Nordic countries are working to ensure that their regulatory sys-
tems remain robust, agile, and prepared for the challenges of a rapidly
evolving nuclear landscape.

KELPO project in Finland and in Sweden has recently aimed at moderniz-
ing and streamlining the licensing and qualification processes for the sys-
tems and equipment of nuclear plants [26]. The old regulation practices
have led to problems of supply chains of components, as the components
have not been accepted to order off-the-self, but every component had to
be specially made for nuclear plant, which in practice has not improved
the quality, and the current serial manufacturing quality e.g. in pumps and
valves and other common components has increased much during the
decades. This has led to the development of better practices in
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cooperation with companies and regulators, which directly affect practical
project and engineering processes, L.e. delivery times and costs on single
components. The main approach is now also published in IAEA document
[27], sharing the good practices, calling it the graded approach principle
in KELPO cooperation, evaluation of utilizing commercial grade compo-
nents.

3.3.3 Regulation in Denmark

There are no current nuclear power plants in Denmark, but there have
been three research reactors DR-1, DR-2, and DR-3, which were located at
the former Risg National Laboratory, but all are now decommissioned. The
Danish regulatory authorities responsible for regulating nuclear safety and
security, including waste safety, are the Danish Health Authority, Radiation
Protection (DHARP) and the Danish Emergency Management Agency
(DEMA). The Nuclear Regulatory Authorities are hence formed by DHARP
and DEMA. [28]

The International Atomic Energy Agency conducted Integrated Regulatory
Reviews Service (IRRS) mission for Denmark in 2021, noting that Den-
mark's current legislation is outdated and insufficient for future activities
related to nuclear power [29]. IAEA recommended in the IRRS to review
the legislation and revise the policy and strategies for management of ra-
dioactive waste, enhance the alignment of national regulations with IAEA
safety standards focusing on public exposure and emergency prepared-
ness and response, and revising or developing new guidance documents,
as well as improving DHA and DEMA management systems [30].

Another significant challenge is Denmark’s limited regulatory capacity and
technical expertise in the nuclear field. In the IRRS, IAEA observed that the
number of qualified experts in Denmark is low and that most are concen-
trated in the medical sector, with very few available for other areas such as
waste management or industrial applications. The report also highlights
that there is no systematic procedure for developing and maintaining the
competence and skills of regulatory staff, and that human resource plan-
ning and training programs are lacking. As a result, Denmark will need to
prioritize capacity building, which may involve sending personnel abroad
for specialized training and, at least initially, relying on external expertise
to fulfil regulatory functions and oversight. The IRRS team concluded that
without sufficient qualified staff and a structured approach to competence
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development, even a robust legal framework would not be effective in en-
suring nuclear and radiation safety. [29]

On the other hand, Denmark has the opportunity to accelerate the devel-
opment of its nuclear regulatory framework by drawing on the experience
of neighbouring countries such as Sweden and Finland [31]. Both have es-
tablished modern regulatory systems and possess extensive practical ex-
pertise in the safe disposal of nuclear waste. Danish regulators can benefit
from adopting proven best practices and lessons from these countries, of
which one good example are the on-going harmonization projects of reg-
ulatory practices in Nordic countries. Additionally, Denmark can learn
from collaborative exchange of information arising from assessments of
new reactor designs conducted by regulators in other countries. Such re-
gional and international cooperation is recognized as a key strategy for
building regulatory capacity and ensuring alignment with international
safety standards. [25]

34  Nuclear fuel and waste management
3.4.1 Nuclear fuel cycle

The nuclear fuel cycle begins with the mining of uranium ore. Uranium is
mined in open pit mines, underground mines or through in situ leaching
where the uranium is leached directly from the ore. Kazakhstan, Canada and
Australia are the largest producers of uranium, which is a naturally occur-
ring metal with large widely distributed low-grade deposits in several coun-
tries also in EU, including Sweden, Finland, Denmark, Czech Republic, Ger-
many, ltaly, Poland, Portugal, and Spain. After mining, uranium ore is
crushed and chemically treated to produce triuranium octoxide (UsQOg),
known as yellowcake. This material is then converted into uranium hexaflu-
oride (UF¢), which becomes gaseous at moderate temperatures (~56 °C)
and is suitable for enrichment. Conversion involves purification of U3Og, re-
action with hydrogen fluoride to form UF,, and fluorination to produce UFe.
The UFq is packaged in cylinders and sent to enrichment facilities, where
the U-235 content is increased using centrifuges that separate isotopes by
mass. Older technologies such as gaseous diffusion, which forces UF,
through porous membranes, are largely obsolete. After enrichment, UF¢ is
reconverted to oxide for fuel fabrication. [32], [33]
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Enrichment levels vary by reactor design. Low-Enriched Uranium (LEU), con-
taining about 3-5% U-235, is widely used in commercial reactors due to its
abundant supply, established regulatory framework, and low proliferation
risk. High-Assay Low-Enriched Uranium (HALEU), enriched to 5-19.75%, is
primarily intended for research reactors and generation IV reactor, offering
higher power density and longer fuel cycles but requiring stricter security
measures. However, current HALEU supply is limited and concentrated in
Russia. Highly Enriched Uranium (HEU), enriched above 20%, has historically
been used in research and naval propulsion reactors but it has been unsuit-
able for power generation due to economic reasons and significant prolif-
eration risks. Global efforts focus on converting existing HEU inventories to
LEU.

Enrichment is a critical process in the nuclear fuel cycle. With enrichment,
the proportion of uranium-235 relative to uranium-238 is increased. This is
because uranium-235 is the only naturally occurring fissile isotope capable
of sustaining a nuclear chain reaction. In a nuclear fission reaction, a U-235
nucleus absorbs a neutron and undergoes fission, splitting into smaller nu-
clet and releasing energy along with two to three neutrons. The neutrons
released from nuclear fission interact with the surrounding medium, either
getting absorbed by other materials, causing further fission events, or es-
caping the system. If, on average, one neutron from each fission induces
another fission, the reaction becomes self-sustaining.

In most commercial light-water reactors, nuclear fuel consists of uranium
dioxide (UO;) formed into cylindrical pellets with high density (92-97% of
theoretical). These pellets are then loaded into zirconium-alloy cladding
tubes to form fuel rods. Then, fuel rods are grouped into fuel assemblies
for use in nuclear reactors. UO, offers a high melting point (=2,850 °C),
chemical stability in water-cooled environments, compatibility with zirco-
nium-based claddings, and excellent irradiation stability and ease of fabri-
cation. [34]

3.4.2 Nuclear waste management

Nuclear waste management is a critical phase of the nuclear fuel cycle, en-
suring the safe handling, storage, and disposal of radioactive materials
generated during reactor operation. Its primary objectives are to protect
human health and the environment, maintain long-term containment of
radionuclides, and comply with stringent regulatory frameworks.

23



Sustainable and secure disposal of nuclear waste is essential for public ac-
ceptance and the long-term success of nuclear energy [35]. For newcomer
countries such as Denmark, careful planning and investment in waste
management infrastructure are necessary as an initial step before reactor
deployment, regardless of reactor size or design, to meet international
safety standards and build public trust [36].

The International Atomic Energy Agency classifies radioactive waste into
five categories: very-short-lived, very-low-level, low-level, intermediate-
level, and high-level waste. High-level waste (HLW), primarily spent nu-
clear fuel, represents only about 3% of the total volume of radioactive
waste but accounts for approximately 95% of its radioactivity. Spent fuel
contains a mixture of fission products, transuranic elements such as pluto-
nium and minor actinides, and residual uranium. HLW is the most de-
manding category due to its high radioactivity and heat generation, which
can exceed 2 kW per cubic meter and significantly raise the temperature
of storage systems and surrounding materials.

When fuel assemblies are removed from a reactor, they are extremely hot
and highly radioactive. Initially, spent fuel is stored in the reactor pool,
where water provides both cooling and radiation shielding. Nuclear spent
fuel is composed of fission products, highly radioactive elements, which
are produced during fission in reactor operation. The fission products
continue to undergo radioactive decay releasing energy as heat, com-
monly referred as decay heat. After several years, the fuel can be trans-
ferred to an interim storage facility. This facility may involve wet storage,
where spent fuel remains in water pools, or dry storage, where fuel is
placed in sealed casks or canisters made of metal and concrete to provide
passive safety and containment. Both decay heat and radioactivity decline
over time; the fuel's radioactivity is roughly a thousand times lower after
about forty years than at removal [37]

After wet and dry storage, the final step is disposal in a deep geological
repository. The spent nuclear fuel can be disposed as it is without remov-
ing radioactive elements from the fuel rods. However, the spent fuel can
be reprocessed for reusable uranium and plutonium from unusable waste.
Uranium from spent fuel is returned to conversion plants, converted to
UFs, and re-enriched for new fuel. The recovered uranium along with plu-
tonium can be then mixed to fabricate mixed oxide (MOX) fuel for reac-
tors. Spent fuel is composed of mostly uranium, about ninety-six percent
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of the fuel, and plutonium, which accounts for about one percent, while
the remaining three percent consists of high-level waste products. This
approach reduces waste volume and radiotoxicity but requires complex
infrastructure and strict safeguards. Even more advanced techniques
would involve recycling spent fuel in a reactor operating at fast spectrum.
On the other hand, these advanced approaches bring challenges regard-
ing proliferation, high costs, and secondary waste streams. [33]

3.4.3 Final disposal of nuclear waste

Many countries are planning to permanent store HLW in stable geological
formations such as granite or clay found deep underground. These for-
mations are chosen for their long-term stability, favourable geochemistry,
and minimal water movement. Different countries adopt different ap-
proaches based on local geology and regulatory frameworks. Final dis-
posal concepts are based on multi-barrier system combining engineered
barriers such as metal canisters and the natural containment provided by
chosen geological formation.

Denmark currently stores its low- and intermediate-level radioactive waste
at Risg, with a national strategy that foresees safe interim storage until
around 2073 and eventual geological disposal. Recent policy discussions
have focused on the suitability of Danish clay formations for deep reposi-
tories, drawing on international experience, particularly Belgium's Boom
Clay studies. The thick clay layers found in Denmark’s subsoil offer a
promising host rock for future repository. The clay formation offers low
permeability, self-sealing properties and strong radionuclide retention.
The Geological Survey of Denmark and Greenland has conducted Phase 1
studies to evaluate claystone formations at depths of approximately 500
meters for their thermo-hydro-mechanical stability and geochemical buff-
ering capacity [38]. Countries such as France and Belgium are also consid-
ering deep geological disposal of nuclear west in deep clay formations. An
alternative strategy for Denmark would be to export the nuclear waste to
countries such as Finland or Sweden, where geological disposal programs
are among the most advanced in Europe. Thus, following sections explains
the nuclear waste disposal strategies of France, Belgium and Finland. [39]

France has selected the Callovo-Oxfordian clay formation for its deep ge-
ological repository, located at approximately 500 meters depth. The host
rock’s very low permeability and strong sorption capacity provide natural
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containment for radionuclides over very long periods. The French concept,
developed by Andra, uses vitrification for high-level waste: the waste is
embedded in a durable glass matrix that dissolves extremely slowly. Then,
the vitrified HLW is hot cast into stainless steel canister which will be con-
ditioned in thick steel overpacks to prevent glass leaching. Over time, the
glass and metal overpacks will gradually degrade, but the clay formation
limits water movement and radionuclide migration. Only a few long-lived,
mobile isotopes such as chlorine-36 and iodine-129 may migrate, and
even then, their release would be extremely slow and dispersed over mil-
lions of years. [40], [41]

Belgium'’s disposal concept is based on the Boom Clay formation, located
at about 225-230 meters depth. Unlike France, Belgium does not vitrify
high-level waste; instead, spent fuel and HLW are sealed in corrosion-re-
sistant steel containers. These containers are placed in horizontal galleries
excavated within the clay. Two backfilling strategies are considered: either
the tunnels are filled with excavated clay to restore natural conditions, or
the waste is emplaced in unlined secondary tunnels, allowing the clay to
gradually deform into contact with the waste containers. Boom Clay'’s self-
sealing properties, low permeability, and strong radionuclide retention
provide a strong natural barrier, complemented with the engineered con-
tainment. [42]

In Finland, the spent fuel is first sealed in corrosion-resistant copper canis-
ters reinforced with cast iron. Then, the canisters are placed in vertical
boreholes drilled into tunnels about 430 meters deep in stable bedrock.
The space around the canisters is filled with bentonite clay, which swells
when wet and forms a tight barrier that limits water flow and radionuclide
migration. Once all canisters are emplaced, the tunnels are backfilled and
sealed. This design uses a multi-barrier concept: the fuel matrix, metal
cladding, copper canister, bentonite buffer, and bedrock work together to
ensure containment for tens of thousands of years. [43]

The copper canister is designed to remain intact long enough for short-

lived fission products such as cesium-137 and strontium-90 to decay be-
fore any contact with groundwater [32]. Long-lived but mobile radionu-

clides like iodine-129 and technetium-99 are controlled by reducing con-
ditions, bentonite’s sorption properties, and extremely slow groundwater
movement. Non-mobile species, including most actinides, have very low
solubility and strong retention in bentonite and rock, meaning they pose
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little migration risk even over geological timescales. Finnish regulations
also require that waste remains retrievable for a period after emplace-
ment, allowing flexibility if future technologies enable recycling of acti-
nides or other advanced fuel cycle options [44].

4  Technology screening

The selection of SMR designs for detailed assessment in this analysis is
based on a screening of approximately 85 SMR concepts listed by the IAEA?
[45], NEA [46], and DOE Reactor Pilot Program? [47].

The SMR screening process is based on the following criteria:

1. Origin of developer/manufacturer: Only SMRs from Western countries,*
South Korea, or Japan are considered. SMRs from other countries are
excluded.

2. Only technologies with electricity output have been included in group
1 as technologies prioritized for deeper analysis®. Heat Only technolo-
gles can be included in group 2.

3. Design status is evaluated using the “IAEA design status” scale 5 levels
are included:

1. Conceptual design: Early-stage concept; main principles and key
technical parameters defined, but many details still open.

2. Basic design. Overall plant layout fixed; major systems sized and
main design choices made.

3. Detailed design: Components and systems fully sized, specified,
and documented for procurement and construction.

2 |AEA is the United Nations' nuclear watchdog with 178 Member States, mandated to promote safe
and secure nuclear energy and to provide independent, science-based assessments for governments
worldwide, which underpins its legitimacy as a source. The SMR Catalogue [36] compiles concise, de-
veloper-supplied design descriptions across main SMR technology lines, screened and structured by
IAEA, but not formally peer-reviewed as an official publication.

3 Being included in the DOE Reactor Pilot Program [38] has been given almost the same weight in
the evaluation as having a memorandum of understanding with a Western electricity supply company,
since both are assumed to provide comparable advantages in securing project financing.

4 Western countries include North America (US and Canada), Western Europe and the EU countries in
Central and East Europe.

> According to our understanding of TOR of the project.
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Under construction: Construction of the demonstration or first-
of-a-kind unit is actively in progress.

In operation: Plant in routine service, delivering electricity to us-
ers.

Only SMRs with a design status of “Detailed Design” or higher are
eligible for inclusion in group 1.

4. Fuel qualification and supply security:

The readiness of the fuel chain is given positive weight; the NEA fuel
classification, NEA [46] which includes manufacturing capabilities,
supply contracts, etc., is used for scoring.

The NEA classification is agnostic to the uranium-enrichment level
even though higher enrichment levels can add significant complex-
ities to the licensing, transportation and regulations. The current
fuel supply chains are mainly for the low-enriched uranium (LEU).

5. Interest from energy companies: SMRs receive a score if

Interest from an energy company has been publicly announced,
or if the design development is supported by DOE Reactor Pilot
Program.

6. SMRs developed by Danish companies are included at least in group 2.

The criteria lead to a selection of twelve SMRs. Four main electricity pro-
ducing designs with the highest score prioritized (Group 1) and analysed in
detail. The other eight form Group 2 and are evaluated at less detailed level.
Table 1 (Group 1) and Table 2 (Group 2) show the selected SMRs and sum-
marize their screening results.

28



Table 1: Group 1, The prioritized SMR designs selected for detailed analysis. Main sources: IAEA
SMR Catalogue 2024 [48], The NEA SMR dashboard 2024 [46], and DOE Reactor Pilot Program,
2025 [47]. * Indlicate that the parameter (s updated based on more recent information.

MW(el)/ Core Devel-

MW(th)

Design sta- Documented interest
tus from energy company

outlet Designers oper
temp country

Vatenfall, Fortum, Fermi

GE Vernova .
BWRX-300  300/870 288 BWR HitachiNu-  Usgp  ondercon-  Energia (EST) Poland
clear Ener struction* (OSGE), Norsk
9 Kjernekraft
. Korean companies and
-SMR 170/520 321 PWR E:EN;I & S.KOR Det:i"id*de' cities, Trondheimsleia
9 Kjernekraft AS
NuScale . .
Power Mod- 77/250 321 PWR NuScale Us Detaliled de- RoPower—Rorpanla, Po-
ule Power Inc. sign land replacing coal
Rolls-Royce Detailed de-  Vatenfall, Fortum, UK,
SMR 470/1358 325 PWR Rolls-Royce UK sign CEZ Group

6 All Group 1 reactors are Generation 3+ reactors. Gen Ill+ reactors are evolutionary designs building
on Gen lll, with even stronger passive safety, lower core-damage probabilities, and better severe-acci-
dent mitigation (e.g. core catchers and extended passive cooling). Gen lll+ development started in the
1990s, with first commercial construction and deployment generally from the mid-2000s onward. Gen
IV reactors are not included in Group 1 because Generation IV reactor concepts are still in the devel-
opment and demonstration phase and are not expected to be commercially deployed at scale for
electricity generation and in serial production before around 2050.
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Table 2: Group 2 of the selected SMR technologies for less detailed analysis. Main sources: IAEA
SMR Catalogue 2024 [48], The NEA SMR dashboard 2024 [46], and DOE Reactor Pilot Program,
2025 [47].** Saltfoss has advanced contracts with Korean industrial partners indicating Basic De-
sign status, but this cannot yet be confirmed from public sources. *** IAEA Aris database [48]
does not currently list LDR-50 and the design status (s our own estimate based primarily on The
NEA SMR Dashboard [46].

Core
outlet
temp

°C

Developer
country

Publicly announced
interest/contact

MW(el)/
MW(th)

Designers

Design status

Westinghouse

AP300 330/990 285  PWR Electric Com- us Basic design
pany, LLC
CAWaste 100 560 Msr Copenhagen DK Detailed Design Ocean-Power AS
Burner Atomics
Saltfoss Energy Norsk Kjernekraft,
CMSR 110/250 650 MSR (previously Sea- DK Conceptual De- Thalland,.lndone—
borg Technol- sign** sia, Multiple Ko-
ogy) rean companies
IMSR400 195/884 700  MSR IT:C"ES”'a' ENer9Y A Detailed Design
LWR- Finnish DH compa-
LDR-50 0/50 150 pool eVrTT/ Steady En- Fl Basic Design***  nies, Korea District
type 9y- Heating corp.
PWR-20 20/80 300 PWR Last Energy us Detailed Design
SMR-300 300/1050 290 pwr oltecntera- US  Detailed Design CDF UK Palisades
tional Energy (US),
Xe-100 82,5/200 750 HTGR X-Energy LLC us Basic Design Norsk Kjernekraft

Note: The screening is weighting the current information and is subject to
changes with the news from the field. SMR-300 completed of Step 2 of the
UK Generic Design Assessment in December 2025 and it received 400 mil-
lion USD support from U.S. DOE also in December 2025 just while we were
finishing this report. In general, SMR-300 has gained significant momentum
during the work and would likely be qualified in Group 1 if the screening

would be rechecked.

7 MSR reactors are Generation IV reactors.
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5 Technologies in Group 1

All four designs in Group 1 are light-water reactors (LWRs), but they rep-
resent different design branches. BWRX-300 is the only boiling water reac-
tor (BWR) in the group, using a direct steam cycle with natural circulation,
while NuScale, i-SMR, and Rolls-Royce SMR are pressurized water reactors
(PWRs). Among the PWRs, NuScale and i-SMR adopt an integral reactor
vessel concept, whereas the Rolls-Royce SMR follows a more conventional
three-loop PWR layout. The designs span a wide electrical output range,
from 77 MWe modules to 470 MWe approaching the scale of traditional
plants. Despite these differences, all aim for the benefits of modular con-
struction, passive safety systems, and serial manufacturing. All group 1
technologies have a heat generation option.

5.1  BWRX-300

The BWRX-300 is a 300 MWel modular boiling water reactor developed by
GE Vernova Hitachi, based on the licensed ESBWR (Economic Simplified
Boiling Water Reactor) [49]. It retains ESBWR's passive safety and natural
circulation features but is significantly smaller and more modular, aiming
for faster and lower-cost deployment.

Figure 3 shows a simplified diagram of the BWRX-300. It is designed as a
compact power block that integrates the reactor building (RB) with a steel-
plate composite dry containment (SCCV) housing the reactor pressure ves-
sel (RPV). The containment structure, about 19 m in diameter and 38 m
high, is integrated into the RB foundation and includes a core-catcher for
severe accident management. BWRX has three adjacent structures: the tur-
bine building (TB), control building (CB), and radwaste building (RWB).

The reactor employs a passive Isolation Condenser System (ICS), using wa-
ter pools above the containment dome to remove decay heat by natural
circulation without external power. Reactivity is controlled through control
rods containing boron carbide, inserted from below the core by hydraulic
drives, and by the inherent negative void and fuel temperature coefficients.
Backup power and safety systems include two diesel generators for essen-
tial loads and batteries capable of sustaining critical safety functions for at
least 72 hours [49].
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Figure 3: Simplified schematic of the BWRX-300 direct-cycle system, showing steam gener-
ation, power production, and passive cooling via the i(solation condenser. Optional district
heating integration is also illustrated.

The BWRX-300 uses standard uranium dioxide (UO,) ceramic fuel pellets
enriched to less than 4.95 % uranium-235 (U-235). After each fuel cycle,
spent fuel assemblies are removed from the core using the fuel handling
machine and transferred to the spent fuel pool located within the Reactor
Building. The pool provides passive cooling and shielding until the fuel can
be transferred to dry cask storage on site. The BWRX-300 can store at least
two years of new fuel on-site.

The BWRX-300 is based on standard BWR technology that has been devel-
oped and proven over generations of earlier BWR designs. However, BWRX-
300 adds also new system components and slightly compresses the design.
The overall Technological Readiness Level (TRL) level is estimated at TRL7-
8, but this is improving quickly as the first unit is under construction at On-
tario Power Generation’s Darlington site in Canada.

BWRX-300 has gained a significant interest among energy companies, par-
ticularly in the U.S. [50], [51], [52], Sweden, and Estonia [46]. The design is
advancing through licensing in several countries: Canadian Nuclear Safety
Commission (CNSC) granted BWRX-300 a license to construct 1 BWRX-300
unit at the Darlington project site, Nuclear Regulatory Commission in the
United States has approved multiple topical reports as a part of pre-
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application activities, BWRX-300 has completed General Design Assess-
ment step 2 in the UK, and Decisions-in-Principle from the Polish nuclear
regulator (Panstwowa Agencja Atomistyki, PAA) [48]. Early pre-application
dialogues are also underway in other countries to align the design with na-
tional codes and identify issues in advance, shortening and de-risking for-
mal licensing.

Table 3: Data for BWRX-300, source: BWRX-300 General Description, GE Vernova Hitachi
Nuclear Enerqy Americas LLC, 2025 [45], [49] *Construction time is calculated from the
start of construction to the point at which the plant enters commercial operation. Con-
struction start refers to the point at which the first concrete for the reactor building is
poured. Current large-scale reactors typically have 5-10 years from initial decision to first
nuclear concrete, with 1-3 years of intensive on-site enabling works immedlately before
construction start.

General Technical

Design BWRX 300 Size (th) [MW] 870

Type BWR Size (elec) [MW] 300

Fuel <4.95 % U-235 Core outlet (°C) 288

Design status: Under construction Reactor coolant sys- 72
tem pressure (bar)

TRL 7-8 Min load: 50%

Registered interest CA ontario, VF, Fortum, UK, Ramp % / minute 0,5%

Fermi Energia (EST), Poland
(OSGE), Norsk Kjernekraft

Possible operational 2030 Construction time
(years) *
Lifetime (year) 60 Site footprint (ha)

Some early public estimates for individual units were as low as about €0,7
billion, but recent public cost estimates give the First Darlington roughly a
cost of €4.9 billion (6.1 billion CAD) [53]. In addition, the first unit project
covers also €1 billion infrastructure serving all four units that will be built
on the site. The estimates for the second, third, and the fourth unit are not
yet as developed, but the developers are expecting the fourth unit to cost
33% less than the first unit. Developers expect to build each unit on Dar-
lington site in 24-36 months that would be significantly faster than on
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existing units. BWRX-300 reports a 1 ha footprint for plant and 2.7 ha foot-
print for site, not including the possible safety zone which can depend on
country, regulation, and site.

BWRX-300 General description states that “ 7The BWRX-300 can manoeuvre
from 100% and 50% power, with a ramp rate of +0.5%/minute, and return
to full power with the same ramp rate daily.” The unit should be able to
change the electric output faster if the unit is cogenerating and can adjust
the ratio of outputs. The available information is not enough for definitive
conclusions about load following and reserve provision capabilities.

52 1-SMR

The i-SMR (Innovative Small Modular Reactor) is an integral Pressure Water
Reactor (PWR) producing 170 MWel [48]. The i-SMR development is based
on merging two technological branches: South Korean APR large reactors,
and SMART small modular reactor. Korean companies have a proven track-
record on successfully building new large-scale reactors (see chapter 2.1)
and SMART was the first SMR that received a Standard Design Approval
2012, in Korea).

Figure 4 shows a simplified diagram of the i-SMR plant. It consists of the
reactor building (RB), the control building, the turbine generator building,
and the compound building. The RB includes four integrated reactors, each
in their own containment vessel, safety systems, and a spent fuel pool with
a capacity of 20 years.

The core of the i-SMR module has 69 fuel assemblies composed of standard
17 x 17 PWR fuel assembly with fuel composed of uranium dioxide and
uranium-235 enriched up to 4.95 %. The reactivity is controlled during nor-
mal operation with control rods, burnable absorbers, and moderator tem-
perature. The i-SMR design includes features that minimize radioactive
waste generation such as boron free core. The waste is planned to be pos-
sessed with conventional PWR waste treatment.

Energy is generated through Rankine cycle similar to other PWR designs.
However, the i-SMR design features load following capability allowing it
to adjust power output from 100% to 20% and back to 100% within 2
hours. Operational flexibility is enhanced by boron-free operation.[54]
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The i-SMR reactor module is installed in a dry space, and the coolant tank
for the safety system is designed to be separated from the reactor. Normal
operation of i-SMR uses integral pumps for forced circulation, but the safety
systems adopt passive approach: Passive containment cooling systems
(PCCS), Passive Auxiliary Feedwater system (PAFS), and Passive Emergency
Cooling System (PECCS). These main systems are designed to function au-
tomatically on demand to cope with design-based accidents and design
extension conditions [55]. With an integrated reactor coolant system, helical
once-through steam generator, boron-free core, and fully passive safety
systems. Modular factory fabrication and dry reactor building aim to
shorten construction and simplify maintenance [56].
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Figure 4: Simplified schematic of the (-SMR power conversion system, showing primary
heat transfer through the integrated steam generators and electricity production via the
turbine—generator. The diagram also highlights passive safety feedwater systems

The Innovative Small Modular Reactor Development Agency was founded
with support from the ministry of Science and ICT and The Ministry of
Trade, Industry, and Energy, to coordinate national research and develop-
ment efforts of the i-SMR. The project involves major Korean nuclear in-
dustry partners including the Korean Atomic Research Institute (KAERI),
KEPCO E&C and more than 10 private partners [57]. Primary partners are
Korean (KAERI, KEPCO E&C, Doosan); international cooperation is devel-
oping (e.g., MoU with Turkey 2025) and domestic cities like Daegu are
evaluating deployment [58], [59]. Limited direct western utility involve-
ment reported.
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The i-SMR is in standard design/pre-licensing phase due 2025, aiming for
standard design approval and licensing actions through 2026-2028 with
target certification by 2028 [60]. The Korea's 11th Basic Plan on Electricity
Supply and Demand includes the construction of two new large-scale nu-
clear power units, and one SMR unit [58], [59] This could likely be a 4x i-
SMR module plant, but public confirmation was very difficult to find. The
company plans to start the construction of the First-of-a-kind (FOAK) in
2031 and have the first operational unit in 2035.

The Technological Readiness Level of i-SMR is by merging the compo-
nents and designs characteristics of very well-established APR-1400 and
OPR-1000 large LWR units into new features such as redesigned contain-
ment structure, modular layout, and new power level leading to different
balance of plants assumptions. The overall TRL level is estimated to 6-7,
but this is improving quickly when the concept is progressing in the de-
sign phase. The manufacturer is targeting sub 42 month construction
times.

Table 4: Data for (-SMR, source: Source: i-SMR catalogue 2025 [67], IAEA 2024 [45], *See
construction time definition from Table 3.

General Technical
Design i-SMR Size (th) [MW] 520
Type PWR Size (elec) [MW] 170
Fuel enrichment level 5% Core outlet (°C) 321
Design status: Detailed design Reactor coolant system 155
pressure (bar)
TRL 6-7 Min load: 20%
Registered interest Korean companies Ramp % / minute 5%

and cities, Trond-
heimsleia Kjerne-

kraft AS
Possible operational 2035 Construction time (years) * 2
Lifetime (year) 80 Footprint (ha)

International cooperation is also part of the agency’s development path-
way. In September 2025, the innovative SMR Development Agency signed
a Memorandum of Understanding with the Nuclear Industry Association
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of Turkey to promote collaboration in SMR development. Turkey aims to
secure 12 GW of nuclear power by 2035 and 20 GW by 2050, of which 5
GW of SMRs by 2050. [59]

The i-SMR plans to address economic feasibility by manufacturing mod-
ules in factories and completing construction within 24 months [54]. The
design choices to cut down the construction time are particularly the reac-
tor vessel and containment vessel which are both capable of being trans-
ported by land. Other design features affecting more economic operation
are boron free core and separated coolant tank. Additionally, operational
costs are reduced by reducing operating personnel in the plant. The de-
veloper has a long-term target level of $3500/kWel and LCOE of 65
USD/MWh [57]. The FOAK cost estimates were not yet publicly available.

5.3 NuScale Power module

NuScale power module is a modular integral PWR, with each 77 MWe power
module containing core, reactor coolant system, steam generators and
pressurizer in a single vessel with operation based on natural circulation,
enabling passive safety and factory fabrication. Reactor pressure vessel,
control rod drive system, and associated components are housed inside
steel containment vessel. Each NuScale Power Module (NPM) is submerged
in the reactor pool, which works as a passive heat sink for the removal of
containment heat. The NuScale fuel assembly is based on the standard
17x17 PWR design, but with a much shorter height than the standard fuel
assembly. The reactor core consists of 37 fuel assemblies and 16 control rod
assembilies. Fuel is standard uranium dioxide with U-235 enrichment limited
to 4.95 percent. Reactivity is controlled using soluble boron in the primary
coolant and the control rod assemblies. Each NPM has its own dedicated
passive safety systems, emergency core cooling system, and decay heat re-
moval systems. Normal operation of the reactor, as well as the safety
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systems operate without the use of pumps or external energy [62]. See Fig-
ure 5 below.

Water pool
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Figure 5: Simplified schematic of the NuScale Power Module. The integral PWR design
places core, steam generators and primary system components in one vessel submerged in
a water pool for passive heat removal, with natural circulation driving steam production for
the turbine—-generator cycle. The secondary circuit usually has pumps.

The NuScale plant consists of a reactor building, a control room building,
turbine generator building, a radwaste treatment building, wet-cooled con-
densers, a switchyard and a dry-cast storage area for discharged fuel. Plants
scale from 1 to 12 modules in a shared reactor pool.

NuScale is the only SMR with an approved U.S. NRC design certification (50
MWe in 2020; 77 MWe in 2025) [63]. Standard plant design work is ongoing,
with first international deployments advancing through national licensing
(e.g., Romania and Poland). The upgraded 77 MWe module was licensed;
manufacturing of initial RPV and steam generator components began in
2023; major partnerships expanded; however, the first U.S. FOAK project
was cancelled in 2023 due to escalating costs, shifting focus to Romanian
and Polish projects [64]. Strong international engagement: partnerships
with Romania’s RoPower, Poland’'s KGHM, Fluor as EPC lead, Doosan and
BWXT for manufacturing, Samsung C&T and JGC for global deployment,
and TVA for a 6-GW U.S. development agreement [65], [66], [67], [68], [69],
[70], [71], [72].

38



NuScale TRL level is difficult to estimate due to redesign. The previous 50
MWe version was already quite far, but the redesign affected a large range
of critical components and their characteristics. NuScale still has deep ex-
pertise from the previous licensing process, but we have evaluated the re-
design to a lower TRL 6-7 level. NuScale targets 3- year construction time.

Early NOAK estimates were €0,9 billion per unit (600 MW), while FOAK costs
rose sharply. 2022 estimates reached €19,2 million/MWe (€8,7billion per
unit of 462 MW),IEEFA 2024 [73].

Table 5: Data for Nuscale Power Module, source: IAEA 2024 [48], INL 2023/74] and NuScale,
20217 [75] *See construction time definition from Table 3.

General Technical

Design NuScale PM Size (th) [MW] 250
Type PWR Size (elec) [MW] 77
Fuel <495 % U-235 Core outlet (OC) 316
Design status: Detailed design Reactor coolant system 138
pressure (bar)
TRL 6-7 Min load: 40%
Registered interest GS Energy (Kor), Ropower Ramp % / minute 10%
(RO), Standard power (US),
TVA (US)
Possible operational 2035 Construction time (years) 3
*
Lifetime (year) 60 Footprint (ha) 1,05

54  Rolls-Royce SMR

The Rolls-Royce SMR is a 470 MWe, factory-built three-loop PWR using low
enriched uranium, operating at ~15.5 MPa and 300-325 °C. It builds on
proven large-reactor PWR technology but introduces modular manufactur-
ing to reduce cost and construction time. The Rolls-Royce SMR is built
around four main functional zones: the reactor island, the turbine island,
the cooling water island, and the balance of plant. The Reactor Island forms
the nuclear heart of the facility, housing the reactor pressure vessel (RPV)
and all primary safety systems. The turbine island converts steam to elec-
tricity, while the cooling water manages heat rejection via cooling towers.
(48], [76]
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Rolls Royce SMR uses standard fuel, UO,, with uranium-235 enriched to less
than 4.95 percent. The fuel assembly design is also based on the standard
PWR 17x17 design with an active length of 2.8 m. The reactor core contains
121 fuel assemblies and uses reactor coolant pumps to generate sufficient
coolant flow in the primary circuit. The reactor uses control rods for power
regulation and omits soluble boron for reactivity control, simplifying oper-
ation and reducing chemical waste. Rolls Royce safety features include mul-
tiple active and passive safety systems. [48]

The Rolls-Royce SMR utilizes a large share of well-proven components and
systems from larger reactors, but the new design features to enable the
modaularity are not proven at the same level. The overall TRL level is esti-
mated to 6-7.

The design is progressing through the UK Generic Design Assessment. Step
1 was completed in March 2023; Step 2 in July 2024 found no major envi-
ronmental barriers. Step 3 (2024-2026) includes detailed design, safety and
environmental assessment, aiming for Statement of Design Acceptability
and Design Acceptance Confirmation around 2026 before site licensing
[77], [78]. Rolls-Royce is aiming for 500 days of on-site construction works
and roughly 2.1 ha site footprint.

Major advancement through GDA stages, increased UK government back-
ing via the £2.5 billion Great British Energy — Nuclear programme, and se-
lection as preferred bidder in 2025. Multiple new partnerships and project
evaluations across Europe: Selected or shortlisted by CEZ for Temelin (Czech
Republic), Vattenfall for Ringhals (Sweden), and approved for Poland’s Cen-
tral Hydrogen Cluster.[79][80].

The only available economic data is Rolls-Royce’s own estimate from 2021
of €3 billion per unit. First commercial unit could be deployed in the mid-
2030s depending on licensing and financing [81]. See Figure 66 below for
the simplified diagram for the Rolls Royce reactor.
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Figure 6: Primary coolant transfers heat from the reactor to the steam generators, produc-
ing steam for the turbine—generator, with condensation and cooling handled through the

condenser and heat-sink system. Optional district-heating integration (s also shown.

Table 6: Data for Rolls-Royce SMR, source [82]. *See construction time definition from Ta-

ble 3.

General Technical

Design

Type
Fuel

Design status:

TRL

Registered interest
Possible operational

Lifetime (year)

Rolls Royce SMR
PWR
<4.95 % U-235

Detailed design

6-7

Vattenfall, Fortum, UK, CEZ
Group (CZ); ULC-Energy (NL)

2035

60

Size (th) [MW]
Size (elec) [MW]
Core outlet (°C)

Reactor coolant system
pressure (bar)

Min load:

Ramp % / minute

Construction time (years)
*

Footprint (ha)

1358
470
325

155

40%
4%
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6  Technologies in Group 2

6.1 AP300

AP300 is a 300 MWel pressurized water reactor from Westinghouse Elec-
tric Company in the USA with a design life of 80 years. Based on the
proven AP1000 technology, it features passive safety and a simplified sin-
gle-loop design maintaining pressure at 155 bar in the primary circuit and
73.5 bar in the secondary circuit. The reactor operates on an extended fuel
cycle of 3 years with the capability of extending cycle length to 4 years.
(48]

The AP300 design includes two primary pumps driving the coolant flow, a
pressurizer, a single steam generator connected to a single hot leg, and
two cold legs. The reactor core consists of 121 fuel assemblies arranged in
a standard 17x17 PWR configuration, 45 control rod drive mechanisms
employing both reduced-worth grey and high-worth black rods control
rods, and soluble boron systems. The control rod design of AP300 in-
cludes the mechanical shim operational strategy, which automatically
compensates for reactivity changes from fuel depletion, allows rapid shut-
down capability and performance of load following manoeuvres without
changing the soluble boron concentration. The nuclear fuel is based on
UO2 pellets with U-235 enrichment limited to 4.95%. The passive safety
systems for decay heat removal and containment cooling rely completely
on natural driving forces such as natural circulation without the use of
pumps or diesel generators. [48]

The AP300 is currently in the conceptual design phase, with licensing pro-
gressing through the U.S. NRC design certification process, which is ex-
pected to conclude by 2027 [83]. In addition, Westinghouse has submitted
applications for the UK Generic Design Assessment and continues pre-Lli-
censing activities with the Canadian Nuclear Safety Commission [84], [85].
In 2023, Westinghouse revealed that AP300 could be built under construc-
tion cost of $1 billion per unit (around $3,3 per kW) by the end of the dec-
ade [86].

AP300 is supported by a range of strategic agreements with public and

private stakeholders. SaskPower and Cameco in Canada have signed a
Memorandum of Understanding with Westinghouse to assess AP300 as a
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clean-energy option, while Westinghouse also collaborates through the
Texas Nuclear Alliance to advance nuclear deployment in the United
States [87], [88]. In the United Kingdom, Community Nuclear Power plans
a privately financed fleet of four AP300 reactors in North Teesside and
DATA4 Group is evaluating AP300 for powering future European data cen-
tres [89], [90]. Additional siting and development agreements include
partnerships with Indigenous communities in Canada and MoUs with
Finnish Fortum, Slovak JAVYS, and Ukrainian Energoatom to explore
AP300 deployment opportunities across Europe [91], [92], [93], [94]

6.2 CA Waste Burner

The Copenhagen Atomics (CA) Waste Burner is a thorium-based genera-
tion IV molten salt reactor developed in Denmark. Each reactor unit pro-
duces 100 MWth, operating at 560 °C and low pressure with forced circu-
lation and a passive safety approach. The reactor is designed with a nega-
tive temperature coefficient providing inherent power regulation, while
the molten salt's excellent heat transfer properties support efficient decay
heat removal without reliance on active cooling systems. [95]

The Waste Burner design integrates the reactor core and primary systems
into a sealed module. Each module fits into a standard 40 feet shipping
container, enabling rapid transport and deployment. The reactor module
is replaced every 5 years without the need for refueling, human interven-
tion, or maintenance during its design life. The CA Waste Burner uses
heavy water moderator and a liquid fuel salt mixture of thorium fluoride
(ThF,) and lithium fluoride (LiF), together with recycled radioactive materi-
als from spent nuclear fuel as a kick-start fuel. Over time, the reactor
breeds uranium-233 from thorium, enabling sustained operation while
consuming long-lived actinides and reducing the time nuclear waste is
hazardous to the environment. [48]

Copenhagen Atomics provides Energy-as-a-Service model globally, own-
ing and operating the nuclear facilities. This approach eliminates customer
responsibility for licensing, operation and decommissioning of nuclear fa-
cilities. Copenhagen Atomics estimates the reactor to have LCOE below
$20/MWh in a mass manufacturing scenario. Copenhagen Atomics is plan-
ning to provide only the core nuclear components and assumes that the
power producer or energy end user does the required conversions, such
as power generation. [96]
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The design is in the pre-licensing phase and CA has built non-fission pro-
totypes along with a plan to build T MWth demonstration reactor by 2027,
and commercial Waste Burner units are expected to be available in the
2030s [96]. Copenhagen Atomics has signed large-scale experimental col-
laboration agreement with Swiss Paul Shrerrer Institute to validate the
technology and provide experience in design, licensing, construction, op-
eration and decommissioning of the new MSR technology [97]. Similarly in
the UK, CA has signed a Memorandum of Understanding with UK and Na-
tional Nuclear laboratory to advance study of MSR technology [98]. Strate-
gic collaborations, such as with DeepGEO for spent fuel management, re-
inforce the Waste Burner's role in closing the nuclear fuel cycle and trans-
forming waste into a valuable energy resource [99].

6.3 CMSR

The Compact Molten Salt Reactor (CMSR) is a Generation IV molten salt
reactor concept developed by Saltfoss Energy (Formerly Seaborg Technol-
ogies) in Denmark [100]. Each CMSR unit produces 100 MWel, 250 MWth
and is designed for deployment on floating power barges, enabling man-
ufacturing in shipyards and flexible siting near industrial hubs or coastal
grids. The floating CMSR power barges host two to eight reactor modules
with power output scaling from 200 MWe to 800 MWe. [48]

The CMSR operates at low pressure using a molten fluoride salt fuel mix-
ture that serves as both fuel and coolant. The nuclear fuel is based on LEU
with enrichment limited to 4.95% U-235. CMSR design integrates the reac-
tor core and primary systems into sealed modules with advanced corro-
sion-resistant materials, supporting a 24-year operational life without re-
fueling. The reactor uses a graphite moderator, and the design incorpo-
rates a negative temperature coefficient, providing inherent power regula-
tion and automatic shutdown in abnormal conditions. Heat from the fuel
salt is transferred via heat exchangers to a secondary loop for electricity
generation or high-temperature industrial applications such as hydrogen
and ammonia production. [48]

CMSR design is in the early conceptual phase with the first commercial
units expected in the early 2030s. Development milestones include Ameri-
can Bureau of Shipping feasibility certification for maritime deployment
and strategic partnerships with Samsung Heavy Industries and Korea
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Hydro & Nuclear Power to co-develop floating nuclear plants [101], [102].
Saltfoss Energy has also signed Memorandum of Understanding on MSR
development with KAERI, and the company is preparing to start licensing
activities with the nuclear authorities in South Korea [103], [104].

6.4 IMSR400

IMSR400 is a generation IV molten salt reactor developed by Terrestrial
Energy, delivering 195 MWel and 442 MWth per module with a design life
of 56 years. Built on Oak Ridge National Laboratory’'s molten salt reactor
experience, IMSR400 uses a dual-module configuration to produce 884
MWth and 390 MWel at high temperature (585 °C) and low pressure. The
reactor can be designed for production of electricity, heat, or cogenera-
tion for a broad range of commercial and industrial applications. [105]

IMSR400 employs a replaceable reactor vessel, which integrates primary
circuit components into a single module. Each module is composed of a
graphite moderator, buffer salt liner, and primary circuit filled with molten
salt and associated components. The reactor module is designed to be re-
placed every 7 years. The molten salt, serving as both fuel and coolant, is
based on uranium tetrafluoride, UF4, with U-235 enrichment limited to
4.95%. The buffer salt liner manages decay heat passively, and the reactor
design incorporates a negative temperature coefficient, providing inher-
ent power regulation and automatic shutdown in abnormal conditions.
[39]

IMSR400 employs three circuits: a primary loop with heat exchangers and

pumps, and two intermediary molten salt loops transferring heat to steam
generators. The reactor is designed to burn fuel more efficiently, reducing
generation of plutonium and fission products while the liquid form of fuel
allows removal of transuranic waste, reducing drastically the time nuclear

waste is hazardous to the environment. [48]

Commercially, Terrestrial Energy has secured approximately $292 million
through a merger with HCM Il Acquisition Corp to accelerate deployment.
Partnerships with EnergySolutions and Texas A&M University target siting
opportunities, including a planned 1 GW facility at the RELLIS campus by
the mid-2030s. Collaborations with Westinghouse and Ameresco
strengthen the fuel supply chain and enable hybrid energy applications.
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Public engagement includes U.S. Department of Energy programs and co-
operation with the Texas Nuclear Alliance. [106], [107], [108]

IMSR400 is in the detailed engineering phase with active regulatory en-
gagement with USA and Canada. In 2025, the U.S. Nuclear Regulatory
Commission approved Terrestrial Energy’s Principal Design Criteria topical
report, validating its safety approach [109]. In Canada, the design com-
pleted Phase 2 of the CNSC Vendor Design Review [110]. Next steps in-
clude U.S. Standard Design Approval and advancing pre-licensing with the
Canadian Nuclear Safety Commission.

6.5 LDR-50

LDR-50 is a 50 MWth thermal light water reactor (pool-type) developed by
Steady Energy, a Finnish company spun off from VTT and partially owned
by VTT [99]. LDR-50 is designed for district heating, and it operates at low
pressure (below 10 bar) and temperature (~150 °C) in natural circulation
mode without the use of pumps. The reactor is intended for underground
siting and factory-built deployment with an operating lifetime of 60 years
and the possibility to scale production by adding reactor modules to the
heating plant. LDR-50 is simplified drastically: the design excludes the use
of boron, and the turbine cycle is cut as the reactor produces exclusively
heat.

LDR-50 design is built upon standard PWR designs and passive safety sys-
tems. Each reactor unit is enclosed by two pressure vessels: a reactor pres-
sure vessel and a containment vessel. The reactor module is submerged in
water, and the intermediate space between the pressure vessels is partially
filled with water, providing passive cooling from the RPV to the reactor
pool. The RPV includes all the components needed for heat generation
such as the reactor core, heat exchangers, and pressurizer. The reactor
core is composed of 37 fuel assemblies and control rods in standard
17x17 PWR lattice. The nuclear fuel is standard UO2 pellets with U-235
enriched to around 2.5 percent. The LDR-50 design includes two main
heat exchangers connected to independent secondary loops. The second-
ary circuit loops are connected further to the district heating network
through their own heat exchangers. The pressure in the primary circuit is
designed as the lowest, directing possible leaks towards the reactor mod-
ule. [112]
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Steady Energy has received a €32 million funding round to support the
development of its reactor design and construct a pilot plant led by 92
Capital, LocalTapiola, Tesi, Move Energy, and Valo Ventures. The estimated
investment cost for an LDR-50 reactor is €75-100 million, based on a spe-
cific cost of €1.5-2 million per megawatt depending on the siting of the
plant. [113], [114]

Steady Energy has signed agreements with three Finnish utilities, Helen,
Keravan Energia and Kuopion Energia to explore investments and develop
small-scale nuclear power plant for district heating [115]. Steady Energy
has also made an agreement with the South Korean district heating pro-
vider Korea District Heating Corp to cooperate in the field of heat-only
SMRs [106].The LDR-50 design has received preliminary safety approval
from the Finland’s Radiation and Nuclear Safety Authority, and it is cur-
rently in the pre-licensing phase in Finland, with the first unit expected to
be in operation by 2030 [107].

6.6 PWR-20

PWR-20 is a micro modular PWR developed by Last Energy for power
generation and industrial applications. Each unit produces 20 MWel, 80
MWth and is designed for factory fabrication, promising delivery and
commissioning within 24 months. Its compact footprint, about 1.2 km?, al-
lows siting near industrial facilities or data centres, minimizing land and
water requirements. [108]

The reactor uses proven PWR technology, employing standard UO2 based
fuel, enriched to <4.95% U-235, arranged in a 17x17 lattice. PWR-20 oper-
ates at 300 °C outlet temperature, with a closed-cycle air-cooled tertiary
loop. In the primary circuit, the design incorporates a four-loop configura-
tion with forced circulation driven by pumps. The reactor aims to achieve
a 95% capacity factor, with a 72-month fuel cycle and a short three-month
refueling period [109].

Last Energy adopts Energy-as-a-Service model simplifying deployment by
taking full responsibility for design, construction, operation, and decom-
missioning [109]. The PWR-20 design is in the pre-licensing phase with
active engagement with US NRC and Last energy has successfully
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completed a Preliminary Design Review conducted by the UK's Office for
Nuclear Regulation [110], [111].

Commercialization milestones include power purchase agreements for
over 80 units across Europe, targeting data centres and industrial hubs in
Poland, Romania, and the UK [112]. The first UK project aims to repurpose
the former Llynfi coal plant site in South Wales, deploying four PWR-20
units (80 MWe total) by 2027 [113]. Strategic partnerships with NATO En-
ergy Security Centre of Excellence explore military applications, while fi-
nancing agreements with the U.S. Export-Import Bank support interna-
tional deployment [114], [115].

6.7 SMR-300

SMR-300 is a 300 MWe pressurized light-water reactor (PWR) developed
by Holtec International from United States. The design is a scaled and
simplified PWR intended for grid electricity generation and potential co-
generation applications. SMR-300 builds on established large-reactor PWR
technology while emphasizing modular construction, passive safety sys-
tems, and reduced on-site construction requirements. The reactor is de-
signed for a 60-year operating lifetime, with factory fabrication of major
components and deployment either as single units or in multi-unit config-
urations. [126], [127]

The reactor core uses conventional UO, fuel with uranium enrichment be-
low 5 % U-235, arranged in a standard PWR lattice making it compatible
with existing fuel supply chains. The design incorporates passive safety
features, including gravity-driven cooling and natural circulation-based
heat removal systems, allowing the reactor to achieve safe shutdown and
decay heat removal without external power or operator intervention. [126]

SMR-300 adopts an integrated plant layout with emphasis on construction
modaularity. Major systems, structures, and components are designed to be
fabricated off-site and assembled at the plant location, with the goal of
reducing construction schedules and project risk compared to traditional
large nuclear units. [126]

In the United Kingdom, Holtec Britain is progressing the SMR-300 through
the Generic Design Assessment (GDA) process, supported by funding from
the UK government’s Future Nuclear Enabling Fund [128]. Development

agreements have been announced with EDF UK and Tritax Management to
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explore deployment at the former Cottam coal power plant site [129].
SMR-300 passed UK GDA step 2 in December 2025 [130].

In the United States, SMR-300 has ongoing pre-licensing activities with
the U.S. Nuclear Regulatory Commission [127]. Holtec has identified the
Palisades nuclear site in Michigan as a candidate location for the first-of-
a-kind SMR-300 deployment. In December 2025, the SMR-300 received
400 million USD support from U.S. Department of Energy programs to cat-
alyse the FOAK unit at Palisade site. [131]. The project is also supported by
engineering partnerships with Hyundati Engineering & Construction,
alongside UK-based firms Balfour Beatty and Mott MacDonald for con-
struction and delivery frameworks[128].

6.8 Xe-100

The Xe-100 is a Generation IV high-temperature gas-cooled reactor
(HTGR) developed by X-energy in the United States. Each reactor pro-
duces 200 MWth and 80 MWe and can be deployed in modular unit con-
figurations for up to 320 MWe per plant. The design uses helium coolant
and a graphite-moderated pebble bed core, operating at 750 °C outlet
temperature and 60 bar pressure, enabling efficient electricity generation,
cogeneration and production of high temperature heat for industrial ap-
plications such as hydrogen production and petrochemical processes. The
reactor is designed for a 60-year operational life, promising up to 95%
plant availability. [116]

The Xe-100 employs novel TRISO fuel pebbles, each containing thousands
of coated fuel particles that provide multiple barriers against fission prod-
uct release. The nuclear fuel in Xe-100 is based on HALEU with enrichment
limited to 19.5% U-235. The fuel pebbles are gravity-fed and continuously
rotated through the core, supporting online refueling. Helium is circulated
in the core, absorbing heat and becoming superheated. The superheated
steam transfers its energy through novel helical-coil steam generators, to
generate steam in the secondary circuit, and subsequently electricity or
heat. The TRISO based fuel, combined with the reactor’s strong negative
temperature coefficient, provides inherent safety and eliminates the risk of
core meltdown. Passive heat removal and large thermal inertia allow the
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reactor to withstand loss-of-coolant scenarios without external interven-
tion. [117]

The design is in the basic design phase, with demonstration projects ad-
vancing, especially regarding the use of TRISO fuel and reactor design, in
the U.S. and Canada [134], [135], [136]. Deployment under the U.S. Depart-
ment of Energy’s Advanced Reactor Demonstration Program, with the first
four-unit plant planned at Dow's Seadrift site in Texas to provide electric-
ity and process steam for industrial operations [137], [138]. Additional
projects include the Cascade Advanced Energy Facility in Washington, de-
veloped with Energy Northwest and supported by Amazon, as part of a
broader goal to deploy up to 5 GW of Xe-100 capacity by 2039 [139]. X-
energy has also signed strategic partnerships with KHNP, Doosan Ener-
bility, and Amazon to meet increasing power demand of data centre in-
dustry, electrification and advanced manufacturing [140].
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7  Projected capital costs, O&M costs and LCOE

Projection of the cost to build and operate Danish SMR’s in this analysis is
based on the following primary sources:

e Experienced and projected capital costs (overnight costs) for tradi-
tional reactors.

e Expected overnight costs and target values published by SMR de-
velopers® with special focus on the Darlington project in Ontario
Canada.

e Projected overnight costs for SMR’s in literature.

e Estimates of O&M (including fuel and waste handling) based on
literature.

e Estimated cost reduction potential (Learning Rate).

It is not always clear what is included in published cost estimates. The fig-
ures we estimate as “overnight costs” include land acquisition, preparation
for construction, all necessary construction costs, supporting buildings
and local connection costs to grid. Necessary grid reinforcements and
connection to district heating is not included.

Regarding our central estimate we focus on SMR's based on well-proven
light-water technology. Timelines for possible serial production and cost
projections are vastly more uncertain for Gen IV technologies.

In general, the energy technology cost is lower in countries like China and
Korea than in Europe and USA. This is definitely also the case for nuclear
technologies. Thus, historical and projected costs in those countries can-
not easily be translated to a European context. There are several reasons
for lower cost levels in those countries. For nuclear power plants some
reasons are probably government supported supply chains, well experi-
enced work force and less complicated approval processes.

Two main reasons for focusing on SMRs compared to traditional reactors
among suppliers are 1) To increase the market volume by reducing project
size and 2) Reducing costs by serial production and modularity. It is still

8 Group 1 technologies in focus
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uncertain if, and to what extent, SMR’s in the future in fact will show lower
overnight costs per MWe installed.

Published “target costs” from different developers can be as low as 3 mil-
lion €/MWe. The most mature SMR project at present is probably the
BWRX-300 project (Darlington Canada), with projected costs for the 4t re-
actor at 9.6 million €/MWe expected to be constructed before 2035. The
cost level is still an estimate, because the construction of the first unit has
just started.

Renowned organisations like International Energy Agency (IEA), Energy In-
dormation Agency (EIA), National Renewables Energy Laboratory (NREL)
and others publish energy sector projections, including technology cost
developments. Their most recent projections for SMR show cost levels
from 8,4 — 10 million €/MWe for the first reactors around 2030, followed
by anticipated cost reductions over time. It appears that these publica-
tions are reasonably at par with the published 4™ reactor estimate for the
Darlington project. The cost estimates typically do not give a specific list
about the included costs.

Cost reductions

By backtracking technology costs and projected SMR buildout from 2030
to 2040 in the IEA publication “The Path to a New Era for Nuclear Energy”,
a Learning Rate (LR) of 10% in Western countries can be extracted. In two
|[EA scenarios, the LR increases to around 20% after 2040. This seems to be
a high number taking into account that a substantial part of project cost is
civil works. 20% is not explained but could be due to a “technology jump”
towards Gen IV technologies with low anticipated CAPEX.

In 2040 the SMR buildout in the IEA report (IEA 2025)[141] is projected to
be between 6 GW and 40 GW in advanced economies, with a projected
cost in 2040 between 5 million USD/MWe and 7.5 million USD/MWe. It is
not clear in literature how the projected cost reductions will be obtained
from a technical perspective. There are possible gains when building sev-
eral reactors on the same site by the same crew, but a substantial part of
the SMR cost is civil works. Even with SMR’s, we are speaking about vast
construction sites if 3-6 reactors are constructed in convoy. Other possible
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methods for cost reductions include increased factory manufacturing, uti-
lizing standard off-the-shelf components, and reduced on-site works.

Another yet unknown factor is the market structure. At present there are
5-10 Western designs with a reasonably high maturity, that might be able
to commence serial production in the period 2030-2040. Too large num-
ber of designs might divide the resources and reduce the learning rate
gains and possibilities for standardized licensing when looking at the
overall fleet.

The cost estimates of the following sections are presented from the tech-
nical perspective without additional non-technological costs such as regu-
lation development and workforce training. Such possible extra costs are
difficult to assess. All cost estimates in the following sections 7.1 to 7.5 are
shown in 2025 EURO.

7.1 Overnight capital costs estimated in literature studies

Table 7 presents nuclear overnight capital cost values (OCC) reported in
literature, which show considerable variation. The average OCC estimate
for large reactors is around 7.2 M€/MWe, with the lowest-cost project
about 30% below this average and the highest-cost project almost 50%
above it.

The estimates for NOAK SMRs fall within two distinct ranges. Three of the
references give a central estimate and these lie between 7 M€/MWe and 8
M€/MWe. The two other sources that provide NOAK estimates, specify
only low and high values, that are between 5 and 7 M€/MWe.

Table 9 in the following chapter shows that most SMR developers’ target
NOAK cost levels around 3.1 M€/MWe, which is significantly lower than
general literature assumptions.
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Overnight capital cost 2030

Publication Capacity [M€/MWe]

Large nuclear plants, 2030

Central Low High
Finansdepartementet, Finansiering och riskdelning vid Large 79
SE (2023)[126] investeringar i ny karnkraft 9 !
IEA(2025)[127] WEO 2025 APS* 2035 EU_ large 4,8
EIA(2025)[144] Annual Energy Outlook (AEO) e 67
2025
Lazard (2025)[145] LCOE Large new 10,6 8,0 13,2
. The total costs of energy transi-
NTNU(No), Applied tions with and without nuclear en- Large 6,4 4,4 10,5
energy (2025)[146]
ergy,
AAU(2023[130])[147]  Fakta om atomkraft V2, 2023 k:\r/\gl;e 1600/1000 6,6
Rystad Energy . .
(2023)[148] Kjernekraft i Norge 8,2 5,2
NREL(2025)[149] NREL ATB (2024) SMR/300 MW 7.9 54 9,9
EIA(2025)[144] ?g;:a' Energy Outlook (AEO) SMR 4X80 MW 7,6
JRC(2014)[150] ETRI 2014 SMR/225 MW 7,5 4,7 9,2
The Future of Nuclear Energy
MIT (2018)(151] in a Carbon-Constrained World SMR 63 60 6.6
IEA (2025)[141] The Path to a New Era for Nuclear SMR-FOAK 95
Energy
Overview of Small Modular and SMR FOAK PWR
IEEE(2025)(152] Advanced Nuclear Reactors... 77-470 7.6 157
The true power of small modular
reactors on the road to a sustain-  SMR-demo 15,5 20,7
EY Parthe- able energy future
non(2024){153] SMR-FOAK 83 13,5
SMR-NOAK 52 7.2
Rystad Energy Kjernekraft i Norge SMR NOAK (de- 2,8 5.0

(2023)[148]

Table 7: Projected overnight capital cost (OCC) around 2030 from literature. All values for IEA
(2025) and AAU (2023,2025) are for 2035, no data for 2030 is shown in these references, OPEX
data (excluding fuel and waste) in AAU (2023, 2025 is based on IEA (2025). All cost in 2025 €. It (s
not clearly specified for all examples whether the reported costs include local infrastructure such
as site preparation, auxiliary buildings, cooling systems, tunnels, and other supporting facilities,
but in the present analysis it is assumed that they do.

veloper target)
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7.2  Recent large reactor costs in Europe and the US

In Table 8 below, overnight capital costs (OCC) are presented for large nu-
clear reactor projects that are completed, under construction, or planned
between 2005 and 2025 in Europe and the United States. All plants in Eu-
rope and the U.S., except for the Polish project and a few in the French
EPR2 program, are brownfield projects®.

The expected overnight capital cost (OCC) for Poland's first nuclear power
plant is shown as 12 M€/MWe, which is approximately 50% higher than
the expected costs for the French EPR2 programme and the Czech project.
This difference may be attributed to the fact that it is the first nuclear fa-
cility in Poland or that the project is more mature. Cost data is drawn from
EU state aid investigation documents[147]. Cost data for the French and
Czech projects are based on earlier-stage projections.

The project planned in Bulgaria shows an OCC of 5.7 M€/MWe, which is
the lowest per MWe cost among all plants listed in Table 8. This could also
reflect the early-stage status of the project, furthermore the Kozloduy 7 &
8 reactors will be placed at in connection the Kozloduy 5 & 6 which is in
operation and Bulgaria a long experience with nuclear power. Conversely,
the OCC for the Sizewell C project in the United Kingdom is estimated at
14.4 M€/MWe, which is more than two times higher than the estimate for
the Bulgarian project, and about 10% higher than the Polish project.

9 Brownfield nuclear: New nuclear units built on a site where nuclear reactors already exist or have ex-
isted.
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Start up Latest cost es-
. . Number of reactor x )
Project Name operation . timate
type (unit cap.)

(Year) bn € (2025)
[E1P5R62]pr09ram[1 >3], FR 2030 2035+ 6xEPR2 (1,450 MWe) 67
ﬁ%‘;ﬁ’ﬁ%f“ (1571, cz 2029 2036+  2xAPR1000(1,055 MWe) 17
I[.rgitOWO-KOPaU”O B 2%2;' 2036 3xAP1000 (1,250 MWe) 45
E%ﬂl;dﬁgf‘f‘ (1601, BG 2027 2035-2037  2xAP1000 (1,150 MWe) 13
Sizewell C' [163] UK 2026 2036 2xEPR (1,600 MWe) 50
H?HT&TM cr UK 2018 2029-2031 2xEPR (1,600 MWe) 61
[F1la6rg]’anvllle—3 [165], FR 2007 2024/2025 1xEPR (1,650 MWe) 13
Slgél]uoto-s terl. FI 2005 2023 1xEPR (1,600 MWe) 11
Vogtle 3&4[169] us 2013 2023-2024  2xAP1000 (1,117 MWe) 31

Overnight
Capital Cost
[M€/MWe]

7.7

79

12

57

14,4

16.3

8.0

Table 8: Large nuclear reactor projects completed, under construction, or planned between 2005
and 2025 in Europe and the United States. All costs are expressed in 2025 € for all countries ex-
cept Poland, nuclear has been a part of the electricity system in more than 40 years. The reactor
design considered (APR1000, AP1000, ERP, and ERP 2) are all PWR Ill+ reactors. AP1000: devel-
oped by Westinghouse Electric Company (US), development started in the 1990-ties, first safety
and design approval granted in 2005, 9 units in operation in China and US. first came in operation
in 2018 in China. EPR: developed by Framatome (FR), EDF(FR) and Siemens/KWU(D), development
started in the 71980s/1990s, first safety and design approval granted in mid-2000s, 4 units in oper-
ation in China, Finland and France, first reactor came in operation in 2018 in China. ERP 2: simpli-
fied and standardized successor to the EPR. Developer: Framatome and EDF (FR), development
started in the 2010s, first ERPZ2 is still in the process of getting full construction license. APR7000 is
developed by South Korea’s KHNP'? and is a downscaled, export-oriented evolution of APR 7400,
optimized for modular construction and shorter build time. Dukovany 586 are the first APR1000
to come in operation. The first APR1400 came in operation in South Corea in 2076. It is not clearly
specified for all examples whether the reported costs include local infrastructure such as site
preparation, auxiliary buildings, cooling systems, tunnels, and other supporting facilities, but in
the present analysis it is assumed that they do.

10 Sizewell C: site preparation works have started
T full project cost estimates in out-turn (2024) prices and exclude only financing elements such as in-
terim interest for Hinkley C is estimated to 18.9 M€/MWe, and 15.6 M€/MWe for Sizewell C.

12 KHNP (Korea Hydro & Nuclear Power, daughter company for the national electricity company in
South Korea Electric Power Corporation (KEPCO))

56



The cost estimate for Sizewell C (UK) is partly based on the expected cost
of its “sister plant,” Hinkley Point C (UK), which is under construction and
for which an OCC of 16,3 M€/MWe is reported. This is approximately 10%
higher than the estimate for Sizewell C and represents the highest OCC
per MWe among the projects included in the table.

For the two plants that have been built in the US between 2005 and 2023,
an OCC of 14 M€/MWe is reported, which is approximately 15% higher
than for the Polish plant, more than double the OCC estimate for the plant
planned in Bulgaria, and about 75% higher than for the plant planned in
the Czech Republic, but still lower than the estimates for the plants under
construction and planned in the UK.

From Table 8, the construction time ' can also be derived. For the three
completed projects, the construction periods are approximately 10 and 18
years, respectively. For the two projects where construction or site prepa-
ration has started, the expected construction time is around 10 years,
while for the four projects that are still in the early planning phase, the
construction time is estimated at 5-10 years.

7.3 SMR project cost and OCC estimates and target levels

Table 9 shows costs for SMRs in Group 1 and Group 2. The table indicates
whether the figures refer to FOAK, the fourth unit in a project, or a target
NOAK value. It also presents the first estimate and the latest estimate
where available. The table illustrates very large differences between FOAK
costs across the projects, their status in terms of progressing towards fi-
nancing, and the targeted NOAK levels. There are also substantial differ-
ences between the initial FOAK estimates and the most recent ones. Dar-
lington SMR cluster is a brown field nuclear project, while the NuScale
project in Utah was a green field project (stopped in 2023).

13 Construction time is calculated from the start of construction to the point at which the plant enters
commercial operation. Construction start refers to the point at which the first concrete for the reactor
building is poured. For the five plants in the bottom of the table “construction start” is/ have been
preceded by a lengthy planning, licensing and site-preparation phase, typically on the order of 5-10
years from initial decision to first nuclear concrete, with 1-3 years of intensive on-site enabling works
immediately before construction start. [177] IAEA 2020
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It is seen in Table 9 that the target NOAK cost is 3.1 M€/MWe for three of
the four SMRs for which a target NOAK value is reported, while only Rolls-
Royce indicates a higher target of 5.3 M€/MWe. This estimate for target
NOAK of 3.1 M€/MWe is less than half of average of the central cost esti-
mates for NOAK (7.3 M€/MW) reported in literature listed in Table 9.

In general, it is not clearly specified how many SMR units per plant the es-
timated cost per unit is based on. The literature [145] indicates that, due
to the "economy of multiples,” the unit cost for SMRs in plants with 2, 4,
and 8 units can be assumed to decrease by approximately 10%, 20%, and
30%, respectively, compared to the cost of a single unit in a one-unit
plant™.

For the first construction projects, the plan is to install four BWRX-300
units at the Darlington site in Canada. For the NuScale project in Utah,
USA, it was planned, at the end of the project period, to install six 77 MW
SMR units. Here multiple units installed per plants can be expected to af-
fect the cost per unit. However, given the substantial uncertainty associ-
ated with estimating SMR costs in general, the effect of the economy of
multiples has not been taken into account in this note.

Furthermore, the delimitation of the cost estimates is generally not clearly
specified in the literature or in the available project estimates. It is often
unclear whether the figures include local infrastructure costs, such as site
preparation, non-reactor buildings, cooling water systems, tunnels, work-
shops, and other supporting facilities.

Only for the four BWRX-300 units planned and under construction at the
Darlington has a cost estimate been explicitly published for the local infra-
structure. The most straightforward interpretation of the announced over-
night capital costs (OCC) for NOAK reactors is that they exclude local in-
frastructure.

For the Darlington project, the total cost for shared infrastructure is re-
ported to be approximately 3.4 M€/MW for the four BWRX-300 SMRs, cor-
responding to about 0.85 M€/MW per reactor on average. According to
[145] multi-unit SMR clusters comprising two, four, and eight units are

4 Together with the effect of the "economy of multiples,” the costs will also be influenced by econo-
mies of scale. In addition, the costs of the first plants will be significantly affected by the learning rate
(LR), as described in more detail later in this chapter.
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estimated to reduce construction costs by approximately 10%, 20%, and
30%, respectively.

Thus, the estimated cost of local infrastructure amounts to app.

1.06 M€/MW, 0.96 M€/MW, and 0.90 M€/MW for one, two, and three SMRs
located at the same site on a brownfield, respectively. These amounts
should therefore be added to the target NOAK cost estimates if the local
infrastructure is not already included. As it is assumed that all construction
work, materials, and equipment related to the local infrastructure can be
regarded as well-known and based on very mature technology, no cost
reduction for the local infrastructure is expected between FOAK and
NOAK [170].
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First/lowest Latest

Plant setup, reactor

Project Name Developer Status name (unit cap. cost esti- cost esti- Comments
MWe) mate mate
M€)/MWe  M€/Mwe
GROUP 1
Darlington SMR-cluster GE Vernova Hitachi Target 1xBWRX-300 34 139 Project cost, Nominal, in-
(CA)[53] Nuclear Energy NOAK/FOAK (300 MWe) e 2% cluding capitalized Interest
Darlington SMR-cluster No 4 4xBWRX-300 96 Project cost, Nominal, in-
(CA171] (300 MWe) 02028 cluding capitalized interest.
NuScale (Utah, CFPP) 6xNuScale SMR* Project cancelled January
US)[172] NuScale Power Inc. FOAK (77 MWe) 4.22018 19.32023 2023
Rolls-Royce SMR (UK) 1xRolls-Royce SMR
[173] Rolls-Royce Target FOAK (470 MWe) 6.32021 Statement by CEO
Rolls-Royce SMR 1xRolls-Royce SMR
(UK)[173] Target NOAK 470) 5.32021 Statement by CEO
i-SMR (S COR)[61] KHNP & KAERI Target NOAK  4xi-SMR (170 MWe) 3.12025
. 1xAP300
AP300 (US) Westinghouse Target NOAK (300 MWe) 3.12023
Copenhagen 1xCA Waste Burner
CA Waste Burner (DK) Atomics Target NOAK (100 MW-th)
1xCMSR
CMSR (DK) Saltfoss Target NOAK (250 MW-th)
Terrestrial Energy IMSR-390
IMSR-400 (CA) nc. Target NOAK (2x195 MWe) 3.12016
2xLDR-50 *1.5202s  Heat only technology. Cost
LDR-50(FIL174] Steady Energy Target NOAK (50 MWth total) * per MWy, estimate is per MW
1xPWR-20
PWR-20 (US) Last Energy Target NOAK (20 MWe)
SMR-300 (US) Holtec 1xSMR-300
International ILIEEINEINS (300 MWe)
Xe-100 (US) X-Energy LLC FOAK 1xXe-100 (80 MWe) 1020021 20  miuding fuel factory for

the enriched 15.5 % fuel

Table 9: Overview of SMR cost estimates, presented either as “target NOAK cost” or as project-specific costs.
The cost estimate for the Darlington SMR cluster (FOAK, 2025) includes on fourth of the expenses for build-
ings, cooling water systems, tunnels, workshops and other shared support facilities designed for all four
planned reactors (0.9 M&/MWe) which is a fourth of 3.4 M€/MWe). The same for "No 4” BWRX-300 unit on
the same site’. *Nuscale Power Module cost estimate for 12x60 (720 MW) plant in 2018 and a 6 x 77 MW
(462 MW) plant in 2023. In the case of the Xe-100, cost statements also include the establishment of a dedi-
cated fuel fabrication facility. This (s because the Xe-100 uses TRISO fuel based on HALEU, which s incom-
patible with existing LWR fuel-fabrication infrastructure. Under the U.S. DOE ARDP program, the aim is to
demonstrate a complete supply chain both to strengthen supply security and to de-risk future Xe-100 fleets.
No references provide quantitative estimates for how these costs are distributed between the reactors and
the fuel-factory. The figures should therefore be regarded only as illustrative examples reflecting the high
uncertainty of SMR. All costs are in 2025 € and the years shown as subscripts are the years that the cost esti-
mates are announced. It is not clearly specified for all examples whether the reported costs include local in-
frastructure such as site preparation, auxiliary buildings, cooling systems, tunnels, and other supporting facil-
ities, but in the present analysis it (s assumed that they do.
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74  OPEX from literature

Table 10 shows operational expenditures (OPEX) for 2030 based on litera-
ture studies, on data from Swedish nuclear power plants (before 2020),
and Finnish nuclear power plants (2024, 2025 Q1+Q2). Some studies re-
port central, low, and high estimates.

There are large differences between the central estimates; If the total
OPEX, including fuel and waste treatment costs, is calculated based on an
assumed capacity factor of 88%, the average of total OPEX amounts 30
€/MWhe. The highest estimate for total OPEX is 41 €/MWhe found in the
WEO 2025, which is about 34% higher than the average, while the lowest
estimate is 20 €/MWhe found for the Swedish nuclear, which is about 34%
lower than the average. There is also a substantial variation in the ex-
pected price of fuel including waste management. The average estimate is
7.9€/MWhe. The lowest estimate is 5 €/MWhe based on TVO's data for the
Finnish plants. And the highest estimate is around 10€/MWhe based on
the data from the NREL ATB 2024.

In general, OPEX includes staffing, repairs, servicing, spare parts, and
safety upgrades. Whether costs for fuel and waste treatment and storage
are included in the reported O&M varies. Some sources break down OPEX
into fixed and variable components, while others provide only an aggre-
gate OPEX figure. This has been considered in the calculation of the total
OPEX in the examples shown in Table 10. Unfortunately, most sources for
nuclear OPEX do not explicitly state whether the reported OPEX figures in-
clude insurance. Based on the way OPEX is typically defined, it is likely that
insurance is included, although this is not clearly specified in the available
documentation.

> GEH and TVA signed an agreement in 2022 to support the potential deploy-
ment of the BWRX-300 at the Clinch River site in Tennessee, USA. The plant is ex-
pected to be commissioned in 2033, with an OCC cost projection higher than that
of the Darlington project, namely 16.6 million €/MW [178], Table 3-3: Overnight
Capital Costs.
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Fuel and

Capital Fixed Var OPEX B Calculated
Publication Capacity cost 2030  OPEX [€/MWhe] treatment total OPEX
[M€/MWe] [€/kWe] [€/MWhe] [€/MWhe]
Large
Year 2030 Central Central  Central Central Central
TVO**[175] Interim Report Q2 2025 Olkiluoto1-3 161 5 25
Finansdepartementet, Finansiering och riskdelning
SE (2023)[142] vid investeringar i ny karnkraft I v L U A
IEA (2025)[143] WEO 2025 APS 2035 EU_ large 4.8 33 41
EIA (2025)[144] AR RSNy o 6.7 147 2 29
2025
Lazard (2025)***[145] LCOE 2025 Large new 10.6 9 8 33
. The total costs of energy tran-
NN oo sitions with and without nu- Large 6.4 135 2 9 28

energy (2025)[146] clear energy,

AAU (2023)[176], Large

[147] Fakta om atomkraft V2, 2023 1600/1000 MW 6.6 110 16 9 40
NREL (2025)[149] NREL ATB (2024) SMR/300 MW 79 121 2 10 28
EIA (2025)[144] /;g;;a' Energy Outlook (AEQ) ¢\ 12 4x80 Mw 76 115 3 26
JRC (2014)[150] ETRI 2014 SMR/225 MW 75 147 2 29

Table 70 Examples of OPEX values for 2030 are taken from literature studies, except for the two entries at
the top, which are based on collected operational data. *Total OPEX incl. fuel [€/MWhe] is calculated as-
suming an annual capacity factor of 88%. In cases where the studies provide no estimate for fuel and
waste treatment costs, a value of 7.9 €/MWhe has been assumed, corresponding to the average from the
studlies that include these cost components. ** For Olkiluoto 7-3, the OPEX data are reported as total ex-
penditures divided into “fuel and waste” and “other’”. The “other” category is assumed to be fixed. The
cost for waste is negative in 2024. ***fFor Lazard (2025), only a cost range (s provided, therefore, the re-
ported values represent the average of the lower and upper boundaries. All OPEX values from IEA (2025)
and AAU (2023, 2025) refer to 2035, as no data for 2030 are presented in these references. The OPEX
data (excluding fuel and waste) in AAU (2023, 2025) are based on IEA (2025). It is not clearly specified for
all examples whether the reported costs include local infrastructure such as site preparation, auxiliary buildings,
cooling systems, tunnels, and other supporting facilities, but in the present analysis it is assumed that they do.

7.5  Projected costs of SMRs

Literature is ambiguous regarding cost projections for SMR. We base our
cost projection on what we consider the most substantiated cost estimate
from the planned 4* BWRX300 under construction in Darlington Canada.
According to published data, the estimated cost for the 4t reactor is 9,6
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M€/MWezo25, including the proportional part of necessary local infrastruc-
ture (nominal, including capitalized interest). The site is an existing nuclear
PP site (brownfield).

When converting the Darlington cost to OCCupzs in a Danish context, the
public figures must be adjusted by:

e Estimate what inflation rate and WACC has been used (the budget
is nominal and includes capitalized interest).

e Estimate what part of cost reduction between R1 and R4 is due to
construction of four reactors in one work stream (assumed to be
less relevant in Denmark), and what part is general learning.

e Estimate additional costs for planning, land acquisition licensing,
infrastructure etc. in a Danish context where only 1-2 reactors are
expected to be built in one site.

The resulting calculated OCC based on the Darlington cost budget is 9.1
M€/MWezo2s

We assume that 2-4 other designs simultaneously could undertake con-
struction processes in the Western world, including in Europe. We use
three buildout scenarios, with Learning Rates (LR) between 8% and 12.5%
to project the development of overnight costs from 2035 and onwards.
The Learning rate applies to the machinery part, estimated to be 70% of
the investment in 2035. We define 30% as civil works following a general
productivity-gain estimated to be 1% p.a. in the Western world.

Assuming a capacity factor of 88%, the estimate of total O&M including
fuel and waste handling is between 15 and 40 €/MWh (Table 10). There is
no clear difference between large scale technologies and SMRs in litera-
ture. We estimate costs for fuel and waste handling to be 7.9 €/MWh, and
"all other O&M costs” to be 1.5% of OCC. These assumptions yield a total
of 26 €/MWh.

We have no evidence to project increasing or decreasing costs for
fuel/waste handling over time. We project other O&M costs to decrease as
OCC decreases in each scenario. The resulting cost projections can be
seen in the following tables.
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Central scenario 2035 2040 2045 2050

LR 10.0% 10.0% 10.0%
GW.

Central buildout Adv 36 10 20 30
econ

Doublings per 5 15 10 06

year

Cost M€/MW 9,1 8,0 7,5 73

F&W €/MWh 79 79 79 79

Other % of inv. 1,5% 1,5% 1,5% 1,5%

Total: €/MWh 26 24 23 22

Table 17: OCC and O&M cost projection central SMR buildout scenario.

In the central scenario, we assume a total buildout of 30 GW SMR capacity
in the western world. Furthermore, we assume that the development is
mainly based on well-known light water technologies, and that buildout is
concentrated on few designs in order to benefit from learning. Also, it is
probably a necessary precondition that buildout is undertaken as “convoy
projects”, where 3-5 reactors are built at the same site in one continuous
workflow.

Optimistic scenario 2035 2040 2045 2050
LR 12.5% 12.5% 12.5%
Fast buildout GW O\ AdV 36 13 44 154
econ

Doublings per 5 18 18 18
year

Cost ME/MW 8,2 6,8 59 53
F&W €/MWh 79 79 79 79
Other % of inv. 1,5% 1,5% 1,5% 1,5%
Total O&M €/MWh 24 21 19 18

Table 12: OCC and O&M cost projection High SMR buildout scenario.

In the optimistic buildout scenario, we assume a total buildout of more
than 150 GW SMR capacity in the western world towards 2050. The higher
Learning Rate is probably only achievable if GEN IV technologies are de-
ployed already from around 2040. Again, it is probably a necessary pre-
condition that buildout is undertaken as “convoy projects”, where 3-5
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reactors ore more are built at the same site in one continuous workflow,
or if floating power plants are adopted at scale.

Pessimistic scenario 2035 2035 2040 2050

LR 8.0% 8.0% 8.0%
GW.

Slow buildout GW  Adv 36 5 8 12
econ

Doublings per 5 06 06 06

year

Cost ME/MW 10,1 9,6 9,2 8,7

F&W €/MWh 7,9 7,9 7,9 7,9

Other % of inv. 1,5% 1,5% 1,5% 1,5%

Total O&M €/MWh 28 27 26 25

Table 13: OCC and O&M cost projection Slow SMR buildout scenario.

In the pessimistic buildout scenario, we assume a total buildout of only 12
GW SMR capacity in the western world towards 2050. The lower Learning
Rate indicates that the modularity in SMR buildout never really dominates
cost reduction. In this scenario, SMR technologies struggle to reduce costs
below estimated costs of traditional nuclear technologies.

76 LCOE

Using the above construction and operational costs and an expected tech-
nical lifetime, the LCOE can be calculated. It is important to note, that the
LCOE shown in the two tables below is under the assumption of electricity
only production (no heat production).

e High WACC (8% real) assuming that investments in nuclear energy
are more risky than other investments in electricity production
technologies. Higher risk due long economic lifetime (exposure to
market and regulation risks in 40-60 years).

e Market based WACC used for all energy technologies in Europe in
the systems modelling part of this project (6% real).

e Socio-economic interest rate according to Danish Ministry of Fi-
nance (3.5% real)
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With a 60-year time horizon and 6% real interest, the LCOE decreases
from 107 €/MWh for plants constructed in 2035 to 88 €/MWh in 2050 in
the Central scenario. 60 years anticipated payback can be a long time for
commercial investors. With a 40-year time horizon the LCOE is 114
€/MWh in 2035 and 93 €/MWh in 2050.

When using the socio-economic rent published by the Danish ministry of
Finance, the LCOE decreases from 76 €/MWh to 63 €/MWh (60 years life-
time). LCOE in the two other scenarios can be found in the figures below.
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Figure 7: Calculated LCOE in the central buildout scenario. Capitalised interest in 4 year

construction period included.
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LCOE Optimistic scenario
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Figure 8: Calculated LCOE in the optimistic buildout scenario. Capitalised interest in 4 year
construction period included.

LCOE Pessimistic scenario
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Figure 9: Calculated LCOE in the pessimistic scenario. Capitalised interest in 4 year con-
struction period included.

A LWR SMR plant can have potential for utilizing the heat from turbine
outlet, if the plant can be situated in a suitable proximity to a DH network.
The figure below shows the net LCOE when assuming income from heat
sales. The analysis assumes a 6% real WACC, a 40-year payback period,
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and a 4-year construction phase including capitalized interest. For the
Combined Heat and Power (CHP) configuration, a maximum heat-to-

power ratio of 66% and a power loss factor (Cv) of 15% were applied, with
heat valued at 34 €/MWh.

Across optimistic, central, and pessimistic projections, the cost delta be-
tween CHP and condensing configurations remains at similar level.

LCOE CHP vs Condensing
Central scenario
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Figure 10: Calculated LCOE for a CHP plant and a Condensing plant in the central scenario.
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