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Executive Summary

The U.S. nuclear power industry enjoyed 25 years of growth from its inception through early
1979. Then, an accident at the Three Mile Island nuclear plant changed everything, bringing
nuclear power expansion in the U.S. to a halt for the next 45 years.

Despite early promises of low-cost electricity, low-cost nuclear power never came to be.
Plagued by high capital costs and persistent cost overrun problems through its history, the
nuclear industry has struggled to compete with other sources of power. The initial response
of the industry was to build ever-larger reactors, seeking benefits from economies of scale.
But construction costs continued to present a problem. Now, with added competition from
wind and solar, delivered electricity price competition has become even more challenging.

As a potential partial solution to safety risks, as well as high up-front capital requirements,
attention has turned to small modular reactors (SMRs). One third to one fourth or less the
size of typical reactors, SMRs present less danger in the case of an accident, can more easily
incorporate passive safety features, and may (aspirationally at least) lower costs of nuclear
energy. Thousands of reactor years of accident-free experience with nuclear powered U.S.
naval vessels provide confidence that fundamental technologies are sound.

SMR development is in its early stages, with only four operational SM reactors worldwide
and none in the U.S. But more than 70 designs are on the drawing board, with orders already
being placed by potential early adopters.

But many hurdles remain to be cleared before SMR deployment, including technical,
regulatory, political, and public acceptance challenges that include finding a solution to long-

term nuclear waste disposal.

Time will tell the story, but for now the future of SMRs is uncertain.
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A Brief History of Nuclear Power

First Steps

The world’s first nuclear power plant began operation near Moscow in 1954'. Two years
later the first commercial power plant opened in Cumbria, England®>. Many nuclear
installations followed over the next several decades, with all of them small-scale by today’s
standards®.

Accompanying the first nuclear power plants was unbridled optimism that this new
technology would translate to incredibly inexpensive electricity. This view is reflected in a
1954 speech to the National Association of Science Writers by the Chairman of the U.S.
Atomic Energy Commission (USAEC) wherein was uttered the memorable phrase:

“It is not too much to expect that our children will enjoy in their

homes electrical energy too cheap to meter...”*

Subsequent analysis, however, brought a dose of reality to the nascent industry. A 1961
USAEC analysis of nuclear vs fossil fuel generated power found nuclear at an economic
disadvantage in every category evaluated - construction cost, fuel cost, and costs of
operation and management. The report suggested that efforts to promote nuclear power be
focused on areas of the country historically burdened by high electricity costs.

In response to the unfavorable economics problem the nuclear energy industry began to
build larger generating plants, seeking cost reductions through economies of scale. But larger
created new problems. First, because larger scale reactors contained greater quantities of
radioactive material, the consequential risk of accidents became larger. In addition, as plants
increased in scale the upfront investment costs rose as well, creating difficulties in raising
capital. Public awareness of risks grew over time, and by the mid-1970s calls for greater
regulation of the industry led to establishment of the Nuclear Regulatory Commission, an
entity separate from the AEC that had previously been responsible for both promoting and
regulating the industry.” Greater regulation and oversight also led to greater costs.

1 Schernikau (2024)

2 Black (2021)

3 World Nuclear Association (2026f)
4 Wellock (2026)

5 USAEC (1961)

6 Lee (2024)

7 Walker and Wellock (2024)




A Reckoning

On March 28, 1979, the Three Mile Island (TMI) accident occurred at a nuclear generating
station near Harrisburg, Pennsylvania.® The event triggered public alarm and accentuated
calls for even greater regulation. At the time of the accident, about 50 reactors were under
construction across the U.S. that had not yet received operating licenses. Mid-construction
changes in design requirements including mandated incorporation of passive safety systems
led to costly redesign and project delays. A study of final construction costs for nuclear
plants that were under construction at the time of the TMI accident and completed
afterward showed median increases in total construction periods and overall costs of 2.2 and
2.8 times compared to pre-TMI. Not coincidentally, TMI marked the end of new nuclear
power plant construction starts in the U.S. for the following 30 years.’

The Chernobyl disaster®® occurred seven years following TMI (1986) reminding people
around the world of the risks of nuclear energy. A quarter century later (2011) an
earthquake-triggered tsunami hit Fukushima, Japan, resulting in nuclear reactor meltdowns
and again raising nuclear energy safety concerns.

What followed was continuation of a persistent history of project delays and cost overruns in
the U.S. and elsewhere that has not abated with experience.’ That the problem continues is
evidenced by data showing that nuclear power plant projects that commenced construction
in the U.S. between 2010 and 2020 experienced an average construction cost overrun of
102.5%, with delivery an average of three years behind schedule.> A more recent example
(2024) is provided by a project in Georgia, USA. Contracted as a 7-year, $14 billion project,
completion required 15 years, generating accumulated costs of almost $37 billion.™
Investigations of causes of construction delays and cost overruns have identified regulatory
changes, lack of standardized design, technical problems, supply chain disputes, litigation, and
labor issues as key factors.™

With ongoing cost issues and periodic reminders of risks, nuclear energy not surprisingly
declined in the world energy picture. Steady decline occurred from 1996 when nuclear
accounted for 17.5 percent of electric generation globally to 2020 when the percentage had
dropped to 9.2%." Both economics and safety concerns have been identified as playing a
role.’* In the U.S. the share of nuclear in electricity generation remained over that same
period at about 19.6%."

Ongoing issues led to rethinking nuclear reactor design and engineering. What emerged was
a focus on small-scale modular reactors that could be produced in plant settings. But how to
regain public trust?

8 A failure in a reactor cooling system resulted in a partial meltdown of the central nuclear core and release of
radioactive gases and iodine into the surrounding environment. It remains the worst U.S. nuclear accident in history.
No deaths, injuries, or subsequent health impacts are known to have resulted from this incident.

9 Lovering et al. (2016)

10 This is recognized as the worst nuclear accident in history, an event that caused extensive release of radiation, 28
deaths, and longer-term adverse impacts to human health and the environment. Investigation revealed that flaws in
reactor design and operator error were the cause.

11 Ramana (2021), Eash-Gates et al. (2020), Grace (2025)

12 Eash-Gates et al. (2020)

13 Grace (2025)

14 Lovering et al. (2016), Savacool and Henne (2024), Stiegler et al. (2025)

15 Downing and Taylor (2024)

16 Ramana (2021, Downing and Taylor (2024)

17 USEIA (2026)



Climate Concerns a Game Changer?

Recognition of Nuclear Potential

In view of the ability of nuclear energy to provide carbon free electricity and heat it has long
been viewed as a component of a zero-carbon solution even in the face of strong opposition
from some groups. Nuclear power was recognized, for example, by the Intergovernmental
Panel on Climate Change (IPCC) from the Second, and most prominently - Fifth'®
Assessment reports onward. As part of developing the IPCC Sixth Assessment Report,
working group Il conducted a series of modeling exercises in which nuclear energy was
identified as a part of about 80% of scenarios that resulted in limiting change to a < 1.5°C
increase threshold.”

This recognition provided impetus for continued investigation on the part of the scientific
community into safer, less expensive nuclear energy. The topic of small modular reactors
alone has generated more than 2,080 peer-reviewed publications, with most of these over
the past decade.?

Seeking to gain the attention of policy-makers vis-a'-vis the climate change discussion a team
of MIT nuclear scientists in 2003 highlighted the low-carbon aspect of nuclear power.
Acknowledging the high up-front costs of establishing nuclear power plants, the team
proposed use of tax credits to stimulate private investment while also noting as many had
before, that were society to exact a price on carbon emissions the competitiveness of nuclear
power would dramatically improve.?

A second MIT report on nuclear energy and the climate change problem was issued six years
later.?? The report emphasized the potential role of nuclear in addressing the climate change
problem, concluding that:

In sum, compared to 2003, the motivation to make more use of nuclear power is greater,
and more rapid progress is needed in enabling the option of nuclear power expansion to
play a role in meeting the global warming challenge. The sober warning is that if more is
not done, nuclear power will diminish as a practical and timely option for deployment at
a scale that would constitute a material contribution to climate change risk mitigation.

18 Bruckner (2014)
19 IPCC (2022)

20 Kim et al. (2025)

21 Ansolabehere et al. (2003)
22 Deutch (2009)




Subsequently a new push for nuclear energy expansion was initiated within COP 282 in
2023 in the form of a Declaration to Triple Nuclear Energy.?* Signed initially by 22 countries,
a number that had risen by early 2026 to 38, the declaration recognizes the “key role of
nuclear energy in achieving global net zero greenhouse gas emissions/ carbon neutrality to
mid-century . . .” and “commits to work together to advance a global aspirational goal of
tripling nuclear energy capacity from 2020 to 2050”.2> The U.S. and Canada were among the
first signatories.

Global data center and Al developments have added new urgency to nuclear energy

expansion, in part because of unprecedented energy demands, but also because dramatic

increases in power consumption are compromising progress toward reduction of fossil fuel
. 26

reliance.

U.S. Policy Directives

In the U.S., nuclear energy entered the public policy arena as a potential emissions reduction
solution at the turn of the 21° century. The election of President GW Bush in 2000 marked
the beginning of a sustained effort to revitalize the U.S. nuclear energy industry. Bush was a
proponent of nuclear energy expansion, signing into law the Energy Policy Act of 2005 that
promoted U.S. nuclear reactor construction through incentives and subsidies, expanded
nuclear technology research and development, and supported advanced reactor technology.
All subsequent administrations similarly supported expansion of nuclear energy.

The Obama administration supported loan guarantees and significant R&D funding for
advanced nuclear development. President Trump in his first term directed a thorough review
of national nuclear energy policy to identify ways to revitalize the industry. He also sought to
expedite licensing for new reactor designs. The Biden administration continued these
programs, also launched Project Phoenix - an initiative supporting feasibility studies and
technical assistance to convert coal-fired power plants to zero carbon small modular reactor
energy generation - and gained passage of the ADVANCE (Accelerating Deployment of
Versatile, Advanced Nuclear for Clean Energy) Act of 2024. The current Trump
administration has aggressively acted through a series of Executive Orders to quadruple
nuclear energy expansion, including rapid deployment of advanced demonstration reactors.?’

As an indication of nuclear energy being back on the map in the U.S., the Commonwealth of
Pennsylvania (home of TMI) recently released a Nuclear Energy Roadmap “to bolster
Pennsylvania’s national leadership in nuclear energy by mobilizing its existing fleet, industrial
supply chain, and technical expertise.?®

23 COP28 refers to the 28th session of the Conference of the Parties to the United Nations Framework Convention on
Climate Change (UNFCCC).

24 USDOE (2023a)

25 USDOE (2023a), World Nuclear News (2026)

26 Altus (2025), Clancy (2025), Delgado (2026), Jack (2025), Jackson (2025), Nakhle (2025), Proctor (2023), Waltz
(2024)

27 Hunt (2025)

28 https://teampa.com/2026/05/team-pennsylvania-releases-pennsylvania-nuclear-energy-roadmap-to-advance-

energy-leadership/
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Expanding Global Initiatives

In April 2026 an estimated 440 nuclear reactors operated in 31 countries, with a combined
capacity of about 400 GWe. An additional 80 reactors totaling 75.5 MWe of capacity were
under construction in 15 countries. It is in the category of planned and proposed nuclear
facilities that the extent of interest in expanding nuclear power capacity is revealed.?”’

Within 25 countries planning is underway for an estimated 120 nuclear power reactors
adding up to about 110 MWe of capacity. Over 300 more are proposed.*® Figure 1 provides
a partial summary of activity by country regarding nuclear power plant construction,
planning, and proposed further development. China is clearly leading in all categories. In
addition to the 10 countries listed in Figure 1 larger roles for nuclear energy are being
pursued in Brazil, Hungary, Pakistan, Iran, Slovakia, Argentina, the United States. Canada,
France, Indonesia, and South Africa.®® Most recently a spate of Asian nations - Malaysia,
Thailand, Vietnam, and the Philippines - have signaled interest in hosting nuclear power
facilities through formal adoption of strategies to move in that direction.?

Figure 1
New Nuclear Power Plants Under Construction and Planned/Proposed (GWe)
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29 World Nuclear Association (2026d)

30 World Nuclear Association (2026d)

31 Black (2021), Nuclear Business Platform (2025), World Nuclear Association (2026b)
32 Delgado (2026)




A New Direction

The Vision

As of this writing, development of new nuclear energy capacity is overwhelmingly focused
on facilities of traditional scale, i.e. 1200-1400 MWe. Within a few countries, however, the
focus has shifted to smaller scale modular reactors. The United States, China, and Canada are
leaders in this new area of development of nuclear power.

Envisioned are small modular reactors (SMRs) that complement renewable energy sources
while providing back-up reliability, as well as large-scale nuclear generating facilities created
by combining multiple small reactor modules. Now in the formative stage, the new
technology is being promoted as lower cost and lower risk than current nuclear facilities,
more reliable than wind and solar, and capable of providing essential back up to renewable
energy.>® Small is generally defined as 300 MW or smaller.*

Additional benefits of small-scale are;

¢ Improved siting flexibility

e Lower capital requirements

¢ Reduced up-front financing challenge via
modular deployment

e Shorter construction duration

 Can be safely connected to micro grids*’

¢ Allows for off-site production of key reactor
components

Long Experience Paves the Way

Small-scale factory-manufactured nuclear reactors are not a new concept, having been
employed by the U.S. Navy for over 70 years. The nuclear-powered Nautilus submarine
(SSN-571) was launched in 1954 powered by a Westinghouse manufactured 10 MW reactor.
Seven years later the aircraft carrier Enterprise (CVN-65) went into service powered by eight
150 MW reactors - again factory produced units. Since those early days the Navy has
continuously operated numerous nuclear-powered ships and submarines, logging over 7,600
nuclear years of serious incident-free operation during that period.*®* The accumulated
experience of all the world’s navies and nuclear-powered ships adds up to over 12,000 years
of reactor years of service.” It is important to recognize that although naval reactors provide
evidence that small reactors can be deployed safely, the reactor designs and technologies
employed differ in several key aspects from those under consideration for civilian use.

33 Lee (2024), IAEA (2020), Hussein (2020), Chatzis (2020)

34 The world’s largest nuclear reactor — at China’s Taishan facility — has a gross capacity of 1,750 MW.

35 Microgrids are small-scale electrical grids that serve a specific local area such as a single manufacturing facility,
business enterprise, neighborhood, or campus.

36 Naval Nuclear Propulsion Program (2025)

37 World Nuclear Association (2023)




Widespread Interest, Multiple Designs

Increasing interest in small nuclear reactors has inspired designs from governments,
universities, and the private sector worldwide. As of early 2026 there were 71 sustained
SMR design, development, or deployment projects underway involving 19 countries (Figure

2). Figure 2
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Source: International Atomic Energy Agency (2024a)

Various Reactor Technologies®®

The 71 different designs span four basic technologies that are fundamentally defined by
cooling mechanisms and variously described as: water cooled, high temperature gas cooled,
molten salt, and fast neutron spectrum reactors.

Water Cooled Reactors

Historically, more than 80% of commercial nuclear reactors have employed pressurized
water-cooled technology using light water as the primary coolant. This is also the reactor
technology used in all US. Navy nuclear-powered vessels throughout their history.
Pressurized water-cooling accounts for a little more than one-fourth of designs proposed.

In the most common configuration of a water-cooled reactor, water in a primary loop is kept
under extremely high pressure such that it can be heated to as much as 300°C (570°F)
without boiling. This is used to heat a second loop of water to the boiling point, generating
steam that runs a turbine, after which the steam is cooled and then recovered for reuse. The
fuel employed is slightly enriched uranium in the form of thin rods or plates.

38 Hussein (2020), OECD (2021), Wang et al. (2023), Rogalev (2023), CRS (2023), Lee (2024), IAEA (2024a)

10



High Temperature Gas Cooled Reactors

Helium is used as the coolant in a high temperature gas cooled reactor. The gas absorbs heat
from the fission reaction - as high as 750-950°C (1380-1750°F) before passing through a
heat exchanger where heat is transferred to water that produces steam to run a turbine. The
helium is cooled in the exchanger before circulating back to again serve as a coolant. These
reactors use what is known as TRISO fuel - poppy seed sized kernels of uranium coated by
three layers of carbon and ceramic materials that are combined either into billiard ball-sized
spheres or cylindrical pellets about 1mm (1/25™ inch) in diameter. TRISO fuels are an
important element of modern reactor design in that they can withstand extreme
temperatures without melting, providing a critical safety feature in the event of an accident.*

Molten Salt Reactors

Molten salt reactors, another form of advanced reactor, are both powered and cooled by the
same material - molten salt. The molten material is pumped through a core, then to a heat
exchanger and back again in a continuous loop, with heat transferred to a secondary salt loop
that is used to generate steam to power a turbine. The molten salt is composed of uranium or
thorium compounds that are mixed with fluorides or sometimes chlorine.

Fast Neutron Spectrum Reactors

These are the most advanced reactors, utilizing liquid metals (sodium or lead) as coolant that
provide for unrestrained movement of neutrons (thus the word fast in the name). As in other
reactors, heat produced is used to make steam to run turbines. Powered by enriched
uranium, plutonium, or even spent nuclear fuel®, these reactors are highly efficient, gaining
more energy (as much as 70 times more energy) from the same fuel as other nuclear
technologies while producing little waste.*!

Some fast neutron reactors are classified as “breeder” reactors, with a ratio of final to initial
fissile content greater than one. Others are “iso-breeders” with a burn ratio of exactly one.
These reactors can theoretically run indefinitely, although technical and safety issues dictate
longevity limits.

The high efficiency of fast neutron reactors, coupled with the ability to use spent nuclear
waste as fuel, provides a potential solution to the longstanding nuclear waste problem.*
Radioactive waste is still created by these reactors, but in far smaller quantities than with
other technologies. In addition, the waste that does result remains radioactive for several
hundred years rather than thousands.*®

Fast neutron reactor technology is not new, having been developed in the 1950s. However,
light water reactors became the dominant technology at a time when uranium supplies were
viewed as abundant. Attention has shifted back to fast neutron technology over the past
several decades, with active development underway in a number of countries.

39 USDOE (2019), Lee (2021)

40Spent nuclear fuel is reactor fuel that has been used to the extent that it can no longer effectively sustain a chain
reaction (NRC).

41 Donovan (2020).
42 Wakabayashi (2021), Donovan (2020), World Nuclear Association (2026c)
43 Donovan (2020), Ashton (2023)

11



Specific Reactor Designs

Potential applications are reflected in concepts being advanced. Some are envisioned as
stand-alone land-based plants serving a specific facility or remote area where periodic fuel
replenishment is difficult or unduly expensive. Others are intended for installation on barges
or other watercraft, others yet as micro-scale units mounted on mobile vehicles. Another
approach involves placement of multiple SMRs on a common site allowing incremental or
single project development of a facility similar in size to traditional nuclear power plants.

Of the small-scale nuclear designs in various stages of development, over 40% were
described by the International Atomic Energy Agency (IAEA) in 2024 as conceptual, with
another 18% in the basic design stage. The remainder were in the detailed design stage
(24%), under construction or development (8%), or in operation - four units (6%).*

Of the four units in operation, two are in Russia, providing heat and electricity in a remote
Arctic region. Other operating SMRs are in China and Japan, the Chinese unit operating
commercially, that in Japan a small unit used for research purposes.

It is noted that relatively few of the designs being considered are expected to advance to an
operational stage. Those that are now in operation, or become advanced to that stage, can
provide proof of scale operationally, economically, and from a regulatory standpoint.
Evidence of performance is needed in the areas of public acceptance and licensing and at-
scale production of components, on-site construction, regulatory approvals, and delivered
energy costs. It is only at that point that mass production and broad deployment of SMRs are
likely to be allowed to proceed.”

A Significant Setback

In 2014 the Department of Energy, Office of Nuclear Energy announced a cooperative
agreement with an Oregon-based company - NuScale Power - wherein funding would be
provided for further development of its small nuclear reactor design.*® The following year
NuScale and Utah Associated Municipal Power Systems (UAMPS) announced the Carbon
Free Project. The goal was to construct a 600 MW nuclear power plant made up of 12 small
(50MW) nuclear reactor modules of the design then undergoing refinement. Costs were
estimated at $3 billion, with project completion slated for 2023. NuScale's design was
described as offering the benefits of carbon-free nuclear power without the issues presented
by the high cost of installing large capacity reactors.

By 2020 the NuScale reactor concept appeared sufficiently promising that DOE awarded up
to $1.355 billion to the company to assist in development of the Utah project, an
undertaking that was also viewed as a demonstration project. A revision of the original
project plans resulted in a target capacity of 720 MW (each module 60MW), with estimated
total project costs raised to $6.1 billion.*” The new announcement indicated project launch in
2025 and completion to the point of having the first power module operational by 2029.

44 International Atomic Energy Agency (2024a)
45 Tuler and Webler (2024), Gaster (2025)

46 USDOE (2014)

47 UAMPS/SmartEnergy (2020), Ramana (2024)

12



But early optimism soon gave way to growing concerns. In 2021 the project was scaled back
to 462 MW even as estimated project costs continued to rise. As corresponding projections
of the cost of power that the plant would produce rose as well, subscriptions in the plant
from member utilities lagged far behind needed levels. Then in 2023 estimated project costs
were increased to $9.3 billion in what turned out to be fatal to project viability. A few
months later what had been hailed as a cornerstone of America’s nuclear future ended in

project cancellation.*®

Described as having “cast a shadow of uncertainty over the pace of SMR deployment”, the
NuScale/UAMPS project failure has been variously interpreted as evidence that SMR
development should cease, or as a learning opportunity that could benefit developers of

different reactor technologies.*’

Meanwhile, unrelated to the NuScale/UAMPS
project, the Nuclear Regulator Commission certified
the NuScale VOYGRTM power module, the first US
certification for small reactors of any kind.”® This is
an advanced light-water small nuclear reactor
design with passive cooling features. In as much as
UAMP issues had nothing to do with reactor
performance, the certification is unaffected by
termination of that project. It was subsequently
reported that NuScale had 19 signed agreements to
deploy SMR plants in 12 countries, as well as an
agreement with the Tennessee Valley Authority to
deploy six 6 MW reactors across the TVA service
area.”® More recently (March 2026) the company
TerraPower obtained approval for construction of a
345MWe commercial nuclear plant in Wyoming.
Located at the site of coal-fired power facility in the

process of closure, the reactor will be a fast neutron spectrum sodium cooled unit equipped
with a molten salt storage system. Needed prior to beginning operation is a license from the

Nuclear Regulatory Commission.>?

48 World Nuclear News (2023), Ramana (2024), Market Minute (2025)

49 Market Minute (2025), Ramana (2024)
50 USDOE (2023b)

51 NuScale (2025)

52 NRC (News 2026)
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Economic Uncertainties

Industry Portrays Nuclear as Competitive

The nuclear industry acknowledges that capital costs of nuclear reactors represent a
problem. One view is that these costs are high primarily because of the infrequency of
nuclear plant construction and lack of standardized design. Projections suggest dramatic
reductions in cost of traditional nuclear plants through changes in procedures and
application of lessons learned.”® The same strategies are seen as reducing costs of SMR
installations. In addition, prospects of mass factory production of SMRs and related
reduction of on-site construction time, construction delays and cost overruns are viewed as
having potential for significant reduction of capital costs.** The potential for building out
plants in modular fashion can further reduce funding challenges. The potential for changes in
procedures and standardization notwithstanding, the U.S. nuclear industry is counting on a
substantial subsidy contained in the Trump administration’s “Great Big Beautiful Bill” in the
form of a substantial (40%) investment tax credit for plant construction to bring nuclear
energy to a competitive position.

Analysts Skeptical of Nuclear Economics

Despite international enthusiasm for expanding nuclear power, some scientists and analysts
are expressing the view that nuclear is likely to remain a high cost alternative and that if
there is a future for nuclear energy it will be in isolated areas or regions where energy is
historically expensive, or built to serve specific purposes such as large chemical plants or
data centers that require large quantities of uninterruptable power.>> One report described
the prospects for wide adoption of nuclear power as "decidedly dim in many parts of the
world.*

Nuclear Fuels

Fuel Options

Fuel used in SMRs ranges from natural uranium, binary uranium compounds such as uranium
carbide and uranium nitride, uranium and other actinium fluorides, plutonium, and thorium.

Many of the advanced SMR designs call for use of what is known as HALEU (High-Assay
Low-Enriched Uranium) fuel;*” this is uranium enriched to 5-20% U-235 as compared to a
5% enrichment level common for fuels of most nuclear plants in operation. Many designs
also specify TRISO fuel. Uranium, plutonium, and thorium can all be used in making TRISO,
as can HALEU fuels.

53 Spangler et al. (2025)

54 Chatzis (2020), Stewart et al. (2022), Liou (2023), World Nuclear Association (2023, 2026a), Larsen et al. (2024)
55 Bettenhausen (2023), Josephs et al. (2023), Jin and Bang (2024), Daigle et al. (2024)

56 MIT 2018

57 Ashton (2023)
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World Resources

The US Geological Survey reported that as of 2023 at least 21 countries operated uranium
mines, had prospective or planned mines on the drawing board, or idled mines that could be
restarted. Of these, 17 were actively mining. Additionally, more than 50 countries were
reported as having spent nuclear fuel in temporary storage.®

Uranium is commonly found in the earth’s crust. However, ore concentrations that can be
legally and economically extracted, defined as metal reserves, are concentrated in only a few
countries. Five nations account for 68% of known world reserves of uranium: Australia
(28%), Kazakhstan (14%), Canada (10%), Namibia (8%), and Russia (8%). The U.S. accounts for
about 1%.”” Six nations (all the above plus Uzbekistan) account for about 90% of global
production. In view of this, and the fact that the U.S. is the world’s largest uranium
consumer, the USGS in April 2026 reported that “The dependency on production from a small
number of countries and mines creates a supply risk. In addition, global geopolitical instability,
regulatory and financial uncertainties, small enrichment and fuel fabrication capacity and
logistical challenges in transporting radioactive materials add to these vulnerabilities for the
United States.”

In contrast to uranium, thorium is 3-4 times as abundant as uranium in the lithosphere and
reserves are more widely distributed globally. Eleven nations hold 68% of known reserves
and no-one country accounts for more than 13% of reserves.?® The U.S. has an estimated
9.4% share of world thorium reserves. A decided advantage of thorium is that it is very
difficult to weaponize, thereby essentially eliminating proliferation concerns.®® A downside of
thorium as a fuel is that compared to uranium more mining and ore processing is required to
recover it on comparable scales.®?

Only trace amounts of plutonium occur in nature. Almost all plutonium now in existence was
created as a by-product of nuclear fission within reactors. About 70 metric tons are
generated per year as spent nuclear fuel. All Western and Russian light water reactors can
use plutonium in mixed oxide fuel, providing an option for managing this material.®®

Security/Safety

Operational Risk

SMRs are promoted as lower risk than traditional nuclear reactors based largely on relative
size. Small-scale reactors contain less, and in some cases much less, nuclear material than a
traditional reactor, thereby posing radiological less risk in case of an accident.®* In addition,
the small size also accommodates incorporation of passive safety systems that automatically
and safely shut down and cool a reactor without power or human intervention;*> many of the
proposed SNR designs incorporate this feature.®® Safety can be further enhanced by use of
TRISO fuel which is compatible with some of the proposed SMR designs.®’

58 USGS (2026)

59 OECD (2025), World Nuclear Association (2025)

60 World Nuclear Association (2024)

61 NS Energy (2018)

62 Degueldre and Joyce (2020)

63 World Nuclear Association (2026¢€)

64 Hussein (2020), World Nuclear Association (2023), Budnitz (2024), Lee (2024), UN (2025)
65 Budnitz (2024), Lee (2024)

66 Black (2021) 15
67 USDOE (2019), IAEA (2024)



Regulatory Oversight Challenges

For all nuclear reactors - large and small - the IAEA establishes specific safety requirements
for reactor design, construction, and operation as well as for handling and accounting for all
types of nuclear fuel.®® Regulatory enforcement is the responsibility of nations in which
reactors are located. IAEA requirements cover reactor and plant design from the first
conceptual stage through final design and construction, and reactor start-up and operation.
Independent verification is required throughout all stages of reactor design and construction,
and periodically of operation. There are also strict requirements for tracking all types of
nuclear fuels for purposes of ensuring that all are accounted for.*’

Some of the SMR designs are for battery-type reactors wherein fuel is added as a final step
in reactor manufacture, with the unit then sealed; these are designed such that fuel does not
need to be replaced for many years (10-20 years or more), or for the expected life of the
reactor. These types of reactors pose significant challenges to verification of safety
requirement compliance, as do at some level all types of factory manufactured reactors.
Consequently, a review of existing protocols is needed, particularly in the case of what are
referred to as “battery-type reactors.”

Security
As with any nuclear facility, there are concerns about e X = . b 3
theft, malicious intrusion, and terrorism.”" These 7

concerns are magnified by the apparent intent of D PRE AN
some SMR developers to site such units in isolated
areas relying on remote operation and monitoring by
licensed operators. This is far different from current
operation wherein protected zones are required A
around nuclear facilities, with controls located well HMEEEAL il ::::._#.:3: I

llllll
i

within these zones.”? Further, visions of remote e it

control raise concerns about cybersecurity that
strongly suggest need for more robust control-site- A i

to-reactor data control models than reflected in e e
proposed SMR designs.”

In view of the fact that some SMR designs incorporate use of enriched uranium or
plutonium, and that deployment of SMRs to many more countries than now operating
nuclear facilities is envisioned, risks of nuclear weapons proliferation are heightened.
Thoughtful development of new regulatory and enforcement measures will be needed,
measures that would require proactive involvement of governmental bodies of all countries
in which location of reactors are proposed.’*

68 Hosyan (2025)

69 National Nuclear Safety Administration (2026)
70 International Atomic Energy Agency (2024b)

71 Budnitz et al. (2024), UN (2025)

72 Siserman-Gray and Landine (2023)

73 Siserman-Gray and Landine (2023), (NRDC 2023)
74 Gao et al. 2024, UN (2025)
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What's Next?

As of this writing there are no operating SMRs in the United States other than those located
on naval vessels, and only one has gained approval for construction (though not operation).
This contributes to uncertainty regarding the future of SMRs.

As time passes in the process of gaining various approvals, risks to further development
increase. Those risks fall in the categories of technology, market, regulatory, and political:”®

e Technology: Challenges arise partly from the lack of operational SMRs that could
serve to demonstrate functionality, potential needs for modification, maintenance
needs, operational costs, and so on. Without that, evaluation is limited to a paper
exercise - a limitation not likely to inspire high dollar commitment of capital.

e Market: The SMR market today is being defined by potential early adopters such as
Amazon and Google. But whether a market of the size needed to achieve
economies of factory mass production will develop is an open question. Wider
adoption will likely require that technologies are proven, public acceptance assured,
and costs demonstrated to be within acceptable limits.

e Regulatory: At this point, new or modified rules that might apply to SMRs within the
U.S. or other countries are completely unknown. In addition, the possibility of
regulations changing rapidly should an SMR accident occur anywhere in the world
contributes to risk.

e Political: In recent years, political support for nuclear development at the federal
level has been bipartisan. But as players change from election to election and
history unfolds there is no assurance of continued support.

An additional risk, that in the United States ranks as both technical and political, is that
despite the passage of over four decades since being recognized as a problem, there is still no
resolution of the long-term nuclear waste disposal issue.

Determination of what path future SMR development might take is extremely difficult. The
greatest likelihood is that a few of the reactor designs and project concepts that are now
under consideration will advance to the demonstration phase, most probably on military
reservations or at federal government research installations, with demonstrated performance
at these sites providing guidance for further development.

75 Gaster (2025)

17



Summary

Nuclear energy has a 70+ year history characterized by cost challenges, waxing and waning
public confidence and support, and most recently renewed technological innovation and
future potential. Inspired by need for carbon free energy and rapidly rising data center
energy demands, nuclear energy has gained newfound interest in the United States and
around the world. Concurrently, interest in small modular commercial nuclear reactors has
emerged based on over 70 years of experience with nuclear powered naval vessels.

With many small modular reactor designs, representing four or more basic technologies
under development and financed by numerous government entities, it is unclear at this point
which, if any, might emerge as best options for further advancement. Experience gained
through operation of demonstration reactors, perhaps located on military reservations or
government research sites may pave the way for entry to commercial markets.

Chances of success in penetrating commercial energy markets are difficult to judge. With
development as of this point largely in conceptual to late design stages, there is a total lack of
experience-based cost, performance, regulatory, and political and public acceptance
information needed prior to any realistic possibility of SMR deployment. Also, the lack of a
solution to long-term nuclear waste storage represents an ongoing problem for and risk to
the nuclear industry. Due to all of these factors, the long-term outlook for SMRs is highly
uncertain.
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	Time will tell the story, but for now the future of SMRs is uncertain.

	A Brief History of Nuclear Power
	First Steps
	The world’s first nuclear power plant began operation near Moscow in 19541. Two years later the first commercial power plant opened in Cumbria, England2. Many nuclear installations followed over the next several decades, with all of them small-scale by today’s standards3.
	Accompanying the first nuclear power plants was unbridled optimism that this new technology would translate to incredibly inexpensive electricity. This view is reflected in a 1954 speech to the National Association of Science Writers by the Chairman of the U.S. Atomic Energy Commission (USAEC) wherein was uttered the memorable phrase:
	“It is not too much to expect that our children will enjoy in their homes electrical energy too cheap to meter…” 4
	Subsequent analysis, however, brought a dose of reality to the nascent industry. A 1961 USAEC analysis of nuclear vs fossil fuel generated power found nuclear at an economic disadvantage in every category evaluated – construction cost, fuel cost, and costs of operation and management. The report suggested that efforts to promote nuclear power be focused on areas of the country historically burdened by high electricity costs.5
	In response to the unfavorable economics problem the nuclear energy industry began to build larger generating plants, seeking cost reductions through economies of scale. But larger created new problems. First, because larger scale reactors contained greater quantities of radioactive material, the consequential risk of accidents became larger. In addition, as plants increased in scale the upfront investment costs rose as well, creating difficulties in raising capital.6 Public awareness of risks grew over time, and by the mid-1970s calls for greater regulation of the industry led to establishment of the Nuclear Regulatory Commission, an entity separate from the AEC that had previously been responsible for both promoting and regulating the industry.7 Greater regulation and oversight also led to greater costs.
	USAEC (1961)




	A Reckoning
	On March 28, 1979, the Three Mile Island (TMI) accident occurred at a nuclear generating station near Harrisburg, Pennsylvania.8 The event triggered public alarm and accentuated calls for even greater regulation. At the time of the accident, about 50 reactors were under construction across the U.S. that had not yet received operating licenses. Mid-construction changes in design requirements including mandated incorporation of passive safety systems led to costly redesign and project delays. A study of final construction costs for nuclear plants that were under construction at the time of the TMI accident and completed afterward showed median increases in total construction periods and overall costs of 2.2 and 2.8 times compared to pre-TMI. Not coincidentally, TMI marked the end of new nuclear power plant construction starts in the U.S. for the following 30 years.9
	The Chernobyl disaster10 occurred seven years following TMI (1986) reminding people around the world of the risks of nuclear energy. A quarter century later (2011) an earthquake-triggered tsunami hit Fukushima, Japan, resulting in nuclear reactor meltdowns and again raising nuclear energy safety concerns.
	What followed was continuation of a persistent history of project delays and cost overruns in the U.S. and elsewhere that has not abated with experience.11 That the problem continues is evidenced by data showing that nuclear power plant projects that commenced construction in the U.S. between 2010 and 2020 experienced an average construction cost overrun of 102.5%, with delivery an average of three years behind schedule.12 A more recent example (2024) is provided by a project in Georgia, USA. Contracted as a 7-year, $14 billion project, completion required 15 years, generating accumulated costs of almost $37 billion.13 Investigations of causes of construction delays and cost overruns have identified regulatory changes, lack of standardized design, technical problems, supply chain disputes, litigation, and labor issues as key factors.14
	With ongoing cost issues and periodic reminders of risks, nuclear energy not surprisingly declined in the world energy picture. Steady decline occurred from 1996 when nuclear accounted for 17.5 percent of electric generation globally to 2020 when the percentage had dropped to 9.2%.15 Both economics and safety concerns have been identified as playing a role.16  In the U.S. the share of nuclear in electricity generation remained over that same period at about 19.6%.17
	Ongoing issues led to rethinking nuclear reactor design and engineering. What emerged was a focus on small-scale modular reactors that could be produced in plant settings. But how to regain public trust?
	USEIA (2026)


	Climate Concerns a Game Changer?
	Recognition of Nuclear Potential
	In view of the ability of nuclear energy to provide carbon free electricity and heat it has long been viewed as a component of a zero-carbon solution even in the face of strong opposition from some groups. Nuclear power was recognized, for example, by the Intergovernmental Panel on Climate Change (IPCC) from the Second, and most prominently – Fifth18, Assessment reports onward. As part of developing the IPCC Sixth Assessment Report, working group III conducted a series of modeling exercises in which nuclear energy was identified as a part of about 80% of scenarios that resulted in limiting change to a ≤ 1.5˚C increase threshold.19
	This recognition provided impetus for continued investigation on the part of the scientific community into safer, less expensive nuclear energy. The topic of small modular reactors alone has generated more than 2,080 peer-reviewed publications, with most of these over the past decade.20
	Seeking to gain the attention of policy-makers vis-a'-vis the climate change discussion a team of MIT nuclear scientists in 2003 highlighted the low-carbon aspect of nuclear power. Acknowledging the high up-front costs of establishing nuclear power plants, the team proposed use of tax credits to stimulate private investment while also noting as many had before, that were society to exact a price on carbon emissions the competitiveness of nuclear power would dramatically improve.21
	A second MIT report on nuclear energy and the climate change problem was issued six years later.22 The report emphasized the potential role of nuclear in addressing the climate change problem, concluding that:
	In sum, compared to 2003, the motivation to make more use of nuclear power is greater, and more rapid progress is needed in enabling the option of nuclear power expansion to play a role in meeting the global warming challenge. The sober warning is that if more is not done, nuclear power will diminish as a practical and timely option for deployment at a scale that would constitute a material contribution to climate change risk mitigation.
	IPCC (2022)


	Subsequently a new push for nuclear energy expansion was initiated within COP 2823 in 2023 in the form of a Declaration to Triple Nuclear Energy.24 Signed initially by 22 countries, a number that had risen by early 2026 to 38, the declaration recognizes the “key role of nuclear energy in achieving global net zero greenhouse gas emissions/ carbon neutrality to mid-century . . .” and “commits to work together to advance a global aspirational goal of tripling nuclear energy capacity from 2020 to 2050”.25 The U.S. and Canada were among the first signatories.
	Global data center and AI developments have added new urgency to nuclear energy expansion, in part because of unprecedented energy demands, but also because dramatic increases in power consumption are compromising progress toward reduction of fossil fuel reliance.26

	U.S. Policy Directives
	In the U.S., nuclear energy entered the public policy arena as a potential emissions reduction solution at the turn of the 21st century. The election of President GW Bush in 2000 marked the beginning of a sustained effort to revitalize the U.S. nuclear energy industry. Bush was a proponent of nuclear energy expansion, signing into law the Energy Policy Act of 2005 that promoted U.S. nuclear reactor construction through incentives and subsidies, expanded nuclear technology research and development, and supported advanced reactor technology. All subsequent administrations similarly supported expansion of nuclear energy.
	The Obama administration supported loan guarantees and significant R&D funding for advanced nuclear development. President Trump in his first term directed a thorough review of national nuclear energy policy to identify ways to revitalize the industry. He also sought to expedite licensing for new reactor designs. The Biden administration continued these programs, also launched Project Phoenix – an initiative supporting feasibility studies and technical assistance to convert coal-fired power plants to zero carbon small modular reactor energy generation – and gained passage of the ADVANCE (Accelerating Deployment of Versatile, Advanced Nuclear for Clean Energy) Act of 2024. The current Trump administration has aggressively acted through a series of Executive Orders to quadruple nuclear energy expansion, including rapid deployment of advanced demonstration reactors.27
	As an indication of nuclear energy being back on the map in the U.S., the Commonwealth of Pennsylvania (home of TMI) recently released a Nuclear Energy Roadmap “to bolster Pennsylvania’s national leadership in nuclear energy by mobilizing its existing fleet, industrial supply chain, and technical expertise.28
	https://teampa.com/2026/05/team-pennsylvania-releases-pennsylvania-nuclear-energy-roadmap-to-advance-energy-leadership/


	Expanding Global Initiatives
	In April 2026 an estimated 440 nuclear reactors operated in 31 countries, with a combined capacity of about 400 GWe. An additional 80 reactors totaling 75.5 MWe of capacity were under construction in 15 countries. It is in the category of planned and proposed nuclear facilities that the extent of interest in expanding nuclear power capacity is revealed.29
	Within 25 countries planning is underway for an estimated 120 nuclear power reactors adding up to about 110 MWe of capacity. Over 300 more are proposed.30 Figure 1 provides a partial summary of activity by country regarding nuclear power plant construction, planning, and proposed further development. China is clearly leading in all categories. In addition to the 10 countries listed in Figure 1 larger roles for nuclear energy are being pursued in Brazil, Hungary, Pakistan, Iran, Slovakia, Argentina, the United States. Canada, France, Indonesia, and South Africa.31 Most recently a spate of Asian nations – Malaysia, Thailand, Vietnam, and the Philippines – have signaled interest in hosting nuclear power facilities through formal adoption of strategies to move in that direction.32
	Figure 1 New Nuclear Power Plants Under Construction and Planned/Proposed (GWe)

	A New Direction
	The Vision
	As of this writing, development of new nuclear energy capacity is overwhelmingly focused on facilities of traditional scale, i.e. 1200-1400 MWe. Within a few countries, however, the focus has shifted to smaller scale modular reactors. The United States, China, and Canada are leaders in this new area of development of nuclear power.
	Envisioned are small modular reactors (SMRs) that complement renewable energy sources while providing back-up reliability, as well as large-scale nuclear generating facilities created by combining multiple small reactor modules. Now in the formative stage, the new technology is being promoted as lower cost and lower risk than current nuclear facilities, more reliable than wind and solar, and capable of providing essential back up to renewable energy.33 Small is generally defined as 300 MW or smaller.34
	Additional benefits of small-scale are:
	Improved siting flexibility
	Lower capital requirements
	Reduced up-front financing challenge via modular deployment
	Shorter construction duration
	Can be safely connected to micro grids35
	Allows for off-site production of key reactor components

	Long Experience Paves the Way
	Small-scale factory-manufactured nuclear reactors are not a new concept, having been employed by the U.S. Navy for over 70 years. The nuclear-powered Nautilus submarine (SSN-571) was launched in 1954 powered by a Westinghouse manufactured 10 MW reactor. Seven years later the aircraft carrier Enterprise (CVN-65) went into service powered by eight 150 MW reactors – again factory produced units. Since those early days the Navy has continuously operated numerous nuclear-powered ships and submarines, logging over 7,600 nuclear years of serious incident-free operation during that period.36 The accumulated experience of all the world’s navies and nuclear-powered ships adds up to over 12,000 years of reactor years of service.37 It is important to recognize that although naval reactors provide evidence that small reactors can be deployed safely, the reactor designs and technologies employed differ in several key aspects from those under consideration for civilian use.


	Widespread Interest, Multiple Designs
	Increasing interest in small nuclear reactors has inspired designs from governments, universities, and the private sector worldwide. As of early 2026 there were 71 sustained SMR design, development, or deployment projects underway involving 19 countries (Figure 2).
	Figure 2 Countries Represented in New SMR Development
	Argentina Canada China Czech Republic Denmark France Indonesia Italy Japan Netherlands Poland Russian Federation Saudi Arabia South Africa South Korea Sweden Switzerland United Kingdom United States

	Various Reactor Technologies38
	The 71 different designs span four basic technologies that are fundamentally defined by cooling mechanisms and variously described as: water cooled, high temperature gas cooled, molten salt, and fast neutron spectrum reactors.
	Water Cooled Reactors
	Historically, more than 80% of commercial nuclear reactors have employed pressurized water-cooled technology using light water as the primary coolant. This is also the reactor technology used in all U.S. Navy nuclear-powered vessels throughout their history. Pressurized water-cooling accounts for a little more than one-fourth of designs proposed.
	In the most common configuration of a water-cooled reactor, water in a primary loop is kept under extremely high pressure such that it can be heated to as much as 300˚C (570˚F) without boiling. This is used to heat a second loop of water to the boiling point, generating steam that runs a turbine, after which the steam is cooled and then recovered for reuse. The fuel employed is slightly enriched uranium in the form of thin rods or plates.


	High Temperature Gas Cooled Reactors
	Helium is used as the coolant in a high temperature gas cooled reactor. The gas absorbs heat from the fission reaction – as high as 750-950˚C (1380-1750˚F) before passing through a heat exchanger where heat is transferred to water that produces steam to run a turbine. The helium is cooled in the exchanger before circulating back to again serve as a coolant. These reactors use what is known as TRISO fuel – poppy seed sized kernels of uranium coated by three layers of carbon and ceramic materials that are combined either into billiard ball-sized spheres or cylindrical pellets about 1mm (1/25th inch) in diameter. TRISO fuels are an important element of modern reactor design in that they can withstand extreme temperatures without melting, providing a critical safety feature in the event of an accident.39
	Molten Salt Reactors
	Molten salt reactors, another form of advanced reactor, are both powered and cooled by the same material – molten salt. The molten material is pumped through a core, then to a heat exchanger and back again in a continuous loop, with heat transferred to a secondary salt loop that is used to generate steam to power a turbine. The molten salt is composed of uranium or thorium compounds that are mixed with fluorides or sometimes chlorine.
	Fast Neutron Spectrum Reactors
	These are the most advanced reactors, utilizing liquid metals (sodium or lead) as coolant that provide for unrestrained movement of neutrons (thus the word fast in the name). As in other reactors, heat produced is used to make steam to run turbines. Powered by enriched uranium, plutonium, or even spent nuclear fuel40, these reactors are highly efficient, gaining more energy (as much as 70 times more energy) from the same fuel as other nuclear technologies while producing little waste.41
	Some fast neutron reactors are classified as “breeder” reactors, with a ratio of final to initial fissile content greater than one. Others are “iso-breeders” with a burn ratio of exactly one. These reactors can theoretically run indefinitely, although technical and safety issues dictate longevity limits.
	The high efficiency of fast neutron reactors, coupled with the ability to use spent nuclear waste as fuel, provides a potential solution to the longstanding nuclear waste problem.42 Radioactive waste is still created by these reactors, but in far smaller quantities than with other technologies. In addition, the waste that does result remains radioactive for several hundred years rather than thousands.43
	Fast neutron reactor technology is not new, having been developed in the 1950s. However, light water reactors became the dominant technology at a time when uranium supplies were viewed as abundant. Attention has shifted back to fast neutron technology over the past several decades, with active development underway in a number of countries.
	Specific Reactor Designs
	Potential applications are reflected in concepts being advanced. Some are envisioned as stand-alone land-based plants serving a specific facility or remote area where periodic fuel replenishment is difficult or unduly expensive. Others are intended for installation on barges or other watercraft, others yet as micro-scale units mounted on mobile vehicles. Another approach involves placement of multiple SMRs on a common site allowing incremental or single project development of a facility similar in size to traditional nuclear power plants.
	Of the small-scale nuclear designs in various stages of development, over 40% were described by the International Atomic Energy Agency (IAEA) in 2024 as conceptual, with another 18% in the basic design stage. The remainder were in the detailed design stage (24%), under construction or development (8%), or in operation – four units (6%).44
	Of the four units in operation, two are in Russia, providing heat and electricity in a remote Arctic region. Other operating SMRs are in China and Japan, the Chinese unit operating commercially, that in Japan a small unit used for research purposes.
	It is noted that relatively few of the designs being considered are expected to advance to an operational stage. Those that are now in operation, or become advanced to that stage, can provide proof of scale operationally, economically, and from a regulatory standpoint. Evidence of performance is needed in the areas of public acceptance and licensing and at-scale production of components, on-site construction, regulatory approvals, and delivered energy costs. It is only at that point that mass production and broad deployment of SMRs are likely to be allowed to proceed.45


	A Significant Setback
	In 2014 the Department of Energy, Office of Nuclear Energy announced a cooperative agreement with an Oregon-based company – NuScale Power – wherein funding would be provided for further development of its small nuclear reactor design.46 The following year NuScale and Utah Associated Municipal Power Systems (UAMPS) announced the Carbon Free Project. The goal was to construct a 600 MW nuclear power plant made up of 12 small (50MW) nuclear reactor modules of the design then undergoing refinement. Costs were estimated at $3 billion, with project completion slated for 2023. NuScale's design was described as offering the benefits of carbon-free nuclear power without the issues presented by the high cost of installing large capacity reactors.
	By 2020 the NuScale reactor concept appeared sufficiently promising that DOE awarded up to $1.355 billion to the company to assist in development of the Utah project, an undertaking that was also viewed as a demonstration project. A revision of the original project plans resulted in a target capacity of 720 MW (each module 60MW), with estimated total project costs raised to $6.1 billion.47 The new announcement indicated project launch in 2025 and completion to the point of having the first power module operational by 2029.
	USDOE (2014)


	But early optimism soon gave way to growing concerns. In 2021 the project was scaled back to 462 MW even as estimated project costs continued to rise. As corresponding projections of the cost of power that the plant would produce rose as well, subscriptions in the plant from member utilities lagged far behind needed levels. Then in 2023 estimated project costs were increased to $9.3 billion in what turned out to be fatal to project viability. A few months later what had been hailed as a cornerstone of America’s nuclear future ended in project cancellation.48
	Described as having “cast a shadow of uncertainty over the pace of SMR deployment”, the NuScale/UAMPS project failure has been variously interpreted as evidence that SMR development should cease, or as a learning opportunity that could benefit developers of different reactor technologies.49
	Meanwhile, unrelated to the NuScale/UAMPS project, the Nuclear Regulator Commission certified the NuScale VOYGRTM power module, the first US certification for small reactors of any kind.50 This is an advanced light-water small nuclear reactor design with passive cooling features. In as much as UAMP issues had nothing to do with reactor performance, the certification is unaffected by termination of that project. It was subsequently reported that NuScale had 19 signed agreements to deploy SMR plants in 12 countries, as well as an agreement with the Tennessee Valley Authority to deploy six 6 MW reactors across the TVA service area.51 More recently (March 2026) the company TerraPower obtained approval for construction of a 345MWe commercial nuclear plant in Wyoming. Located at the site of coal-fired power facility in the
	process of closure, the reactor will be a fast neutron spectrum sodium cooled unit equipped with a molten salt storage system. Needed prior to beginning operation is a license from the Nuclear Regulatory Commission.52
	Economic Uncertainties
	Industry Portrays Nuclear as Competitive
	The nuclear industry acknowledges that capital costs of nuclear reactors represent a problem. One view is that these costs are high primarily because of the infrequency of nuclear plant construction and lack of standardized design. Projections suggest dramatic reductions in cost of traditional nuclear plants through changes in procedures and application of lessons learned.53 The same strategies are seen as reducing costs of SMR installations. In addition, prospects of mass factory production of SMRs and related reduction of on-site construction time, construction delays and cost overruns are viewed as having potential for significant reduction of capital costs.54 The potential for building out plants in modular fashion can further reduce funding challenges. The potential for changes in procedures and standardization notwithstanding, the U.S. nuclear industry is counting on a substantial subsidy contained in the Trump administration’s “Great Big Beautiful Bill” in the form of a substantial (40%) investment tax credit for plant construction to bring nuclear energy to a competitive position.

	Analysts Skeptical of Nuclear Economics
	Despite international enthusiasm for expanding nuclear power, some scientists and analysts are expressing the view that nuclear is likely to remain a high cost alternative and that if there is a future for nuclear energy it will be in isolated areas or regions where energy is historically expensive, or built to serve specific purposes such as large chemical plants or data centers that require large quantities of uninterruptable power.55 One report described the prospects for wide adoption of nuclear power as "decidedly dim in many parts of the world.56


	Nuclear Fuels
	Fuel Options
	Fuel used in SMRs ranges from natural uranium, binary uranium compounds such as uranium carbide and uranium nitride, uranium and other actinium fluorides, plutonium, and thorium.
	Many of the advanced SMR designs call for use of what is known as HALEU (High-Assay Low-Enriched Uranium) fuel;57 this is uranium enriched to 5-20% U-235 as compared to a 5% enrichment level common for fuels of most nuclear plants in operation. Many designs also specify TRISO fuel. Uranium, plutonium, and thorium can all be used in making TRISO, as can HALEU fuels.
	MIT 2018


	World Resources
	The US Geological Survey reported that as of 2023 at least 21 countries operated uranium mines, had prospective or planned mines on the drawing board, or idled mines that could be restarted. Of these, 17 were actively mining. Additionally, more than 50 countries were reported as having spent nuclear fuel in temporary storage.58
	Uranium is commonly found in the earth’s crust. However, ore concentrations that can be legally and economically extracted, defined as metal reserves, are concentrated in only a few countries. Five nations account for 68% of known world reserves of uranium: Australia (28%), Kazakhstan (14%), Canada (10%), Namibia (8%), and Russia (8%). The U.S. accounts for about 1%.59 Six nations (all the above plus Uzbekistan) account for about 90% of global production. In view of this, and the fact that the U.S. is the world’s largest uranium consumer, the USGS in April 2026 reported that “The dependency on production from a small number of countries and mines creates a supply risk. In addition, global geopolitical instability, regulatory and financial uncertainties, small enrichment and fuel fabrication capacity and logistical challenges in transporting radioactive materials add to these vulnerabilities for the United States.”
	In contrast to uranium, thorium is 3-4 times as abundant as uranium in the lithosphere and reserves are more widely distributed globally. Eleven nations hold 68% of known reserves and no-one country accounts for more than 13% of reserves.60 The U.S. has an estimated 9.4% share of world thorium reserves. A decided advantage of thorium is that it is very difficult to weaponize, thereby essentially eliminating proliferation concerns.61 A downside of thorium as a fuel is that compared to uranium more mining and ore processing is required to recover it on comparable scales.62
	Only trace amounts of plutonium occur in nature. Almost all plutonium now in existence was created as a by-product of nuclear fission within reactors. About 70 metric tons are generated per year as spent nuclear fuel. All Western and Russian light water reactors can use plutonium in mixed oxide fuel, providing an option for managing this material.63


	Security/Safety
	Operational Risk
	SMRs are promoted as lower risk than traditional nuclear reactors based largely on relative size. Small-scale reactors contain less, and in some cases much less, nuclear material than a traditional reactor, thereby posing radiological less risk in case of an accident.64 In addition, the small size also accommodates incorporation of passive safety systems that automatically and safely shut down and cool a reactor without power or human intervention;65 many of the proposed SNR designs incorporate this feature.66 Safety can be further enhanced by use of TRISO fuel which is compatible with some of the proposed SMR designs.67
	USGS (2026)
	USDOE (2019), IAEA (2024)



	Regulatory Oversight Challenges
	For all nuclear reactors – large and small – the IAEA establishes specific safety requirements for reactor design, construction, and operation as well as for handling and accounting for all types of nuclear fuel.68 Regulatory enforcement is the responsibility of nations in which reactors are located. IAEA requirements cover reactor and plant design from the first conceptual stage through final design and construction, and reactor start-up and operation. Independent verification is required throughout all stages of reactor design and construction, and periodically of operation. There are also strict requirements for tracking all types of nuclear fuels for purposes of ensuring that all are accounted for.69
	Some of the SMR designs are for battery-type reactors wherein fuel is added as a final step in reactor manufacture, with the unit then sealed; these are designed such that fuel does not need to be replaced for many years (10-20 years or more), or for the expected life of the reactor. These types of reactors pose significant challenges to verification of safety requirement compliance, as do at some level all types of factory manufactured reactors. Consequently, a review of existing protocols is needed, particularly in the case of what are referred to as “battery-type reactors.70

	Security
	As with any nuclear facility, there are concerns about theft, malicious intrusion, and terrorism.71 These concerns are magnified by the apparent intent of some SMR developers to site such units in isolated areas relying on remote operation and monitoring by licensed operators. This is far different from current operation wherein protected zones are required around nuclear facilities, with controls located well within these zones.72 Further, visions of remote control raise concerns about cybersecurity that strongly suggest need for more robust control-site-to-reactor data control models than reflected in proposed SMR designs.73
	In view of the fact that some SMR designs incorporate use of enriched uranium or plutonium, and that deployment of SMRs to many more countries than now operating nuclear facilities is envisioned, risks of nuclear weapons proliferation are heightened. Thoughtful development of new regulatory and enforcement measures will be needed, measures that would require proactive involvement of governmental bodies of all countries in which location of reactors are proposed.74

	What’s Next?
	As of this writing there are no operating SMRs in the United States other than those located on naval vessels, and only one has gained approval for construction (though not operation). This contributes to uncertainty regarding the future of SMRs.
	As time passes in the process of gaining various approvals, risks to further development increase. Those risks fall in the categories of technology, market, regulatory, and political:75
	Technology: Challenges arise partly from the lack of operational SMRs that could serve to demonstrate functionality, potential needs for modification, maintenance needs, operational costs, and so on. Without that, evaluation is limited to a paper exercise – a limitation not likely to inspire high dollar commitment of capital.
	Market: The SMR market today is being defined by potential early adopters such as Amazon and Google. But whether a market of the size needed to achieve economies of factory mass production will develop is an open question. Wider adoption will likely require that technologies are proven, public acceptance assured, and costs demonstrated to be within acceptable limits.
	Regulatory: At this point, new or modified rules that might apply to SMRs within the U.S. or other countries are completely unknown. In addition, the possibility of regulations changing rapidly should an SMR accident occur anywhere in the world contributes to risk.
	Political: In recent years, political support for nuclear development at the federal level has been bipartisan. But as players change from election to election and history unfolds there is no assurance of continued support.
	An additional risk, that in the United States ranks as both technical and political, is that despite the passage of over four decades since being recognized as a problem, there is still no resolution of the long-term nuclear waste disposal issue.
	Determination of what path future SMR development might take is extremely difficult. The greatest likelihood is that a few of the reactor designs and project concepts that are now under consideration will advance to the demonstration phase, most probably on military reservations or at federal government research installations, with demonstrated performance at these sites providing guidance for further development.
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