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Executive Summary
Nuclear energy, a source of stable, carbon-free 

electricity, has long been considered essential 

for meeting growing global energy demands. 

Amid the climate emergency, geopolitical 

instability, and energy insecurity, it has 

recently regained attention as a key solution to 

these issues. However, nuclear power remains 

controversial due to its history of severe 

accidents, the risks of proliferation and potential 

use of nuclear material 

in weapons, challenges 

in managing long-lived 

nuclear waste, and high 

construction costs for 

nuclear power facilities. 

Advanced nuclear energy 

technologies, particularly 

small modular reactors 

(SMRs), promise to solve 

the problems of nuclear 

power through improved 

designs. Governments, 

industries, and publics 

have shown increasing interest in SMRs and 

other advanced reactors as central to solving the 

world’s energy crisis and have been supporting 

their rapid development.

However, the potential expansion of the global 

nuclear industry introduces—and in some 

cases reinforces—problems that technological 

solutions alone will not be able to fix. To help 

ensure that advanced nuclear energy serves 

the public interest rather than predominantly 

corporate and geopolitical actors, we must 

have robust governance frameworks in place 

before the widespread implementation of SMRs. 

To understand advanced nuclear energy’s 

potential impacts, we look to historical cases 

of science and technology in society. We know 

that every new and emerging technology, no 

matter how novel, has commonalities with past 

technologies and that societal responses to new 

technologies demonstrate recurring patterns. 

In this report, we analyze the implications of 

the widespread adoption of SMRs and other 

advanced nuclear reactors using what we 

call the analogical case study (ACS) method. 

This method examines the history of past 

technologies—similar in form, function, 

potential impacts, or some combination of 

the three—to anticipate the implications of 

emerging technologies.

This report first gives an overview of the global 

history and regulatory environment of nuclear 

energy and outlines the current landscape of 

advanced nuclear energy development. Then 

we analyze the social, environmental, ethical, 

equity, economic, and geopolitical implications 

The potential expansion of the global nuclear 
industry introduces—and in some cases 
reinforces—problems that technological 
solutions alone will not be able to fix. To help 
ensure that advanced nuclear energy serves 
the public interest, we must have robust 
governance frameworks in place.
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of SMRs and other advanced reactors through 

the ACS approach. We anticipate that 

SMRs, while having the potential to benefit 

countries and communities, are likely to have 

significant negative social impacts without 

robust governance frameworks. From our 

analysis, we find that the implementation of 

SMRs is likely to: entrench global disparities, 

privilege markets over the public good, 

overlook local and Indigenous knowledge, 

intensify environmental injustices, and 

abandon promises of local development and 

empowerment. Building on these insights, 

we provide policy recommendations for the 

governance of SMRs and the uranium supply 

chain. These policy recommendations are not 

exhaustive, and not all of them are necessarily 

unique to SMRs or other advanced nuclear 

reactors. They serve as a starting point for the 

responsible governance needed in the face of 

a potentially expanding nuclear industry to 

maximize the potential benefits and minimize 

the likely harms of the widespread adoption of 

these new nuclear energy technologies.

UNDERSTANDING THE 
ADVANCED NUCLEAR 
ENERGY LANDSCAPE
What is advanced nuclear 
energy?
Advanced nuclear energy, broadly, refers to 

a variety of nuclear reactors with significant 

design differences from today’s nuclear 

reactors. While engineers have been developing 

advanced reactor concepts for decades—on 

paper, in laboratories, as pilot or demonstration 

projects, and for military applications such as 

nuclear submarine propulsion—recent years 

have seen a sharp increase in funding, research, 

and design for their commercial development. 

Advanced reactors generally use novel fuel 

types for power generation, higher uranium 

enrichment levels, and alternative coolants and 

neutron moderators to improve fuel efficiency, 

enhance safety, and produce high heat 

amenable to secondary industrial processes 

such as hydrogen production or desalination. 

While designs vary, advanced nuclear reactors 

are generally grouped into three size categories: 

small modular reactors (SMRs), microreactors, 

and large advanced reactors. SMRs are slightly 

smaller than conventional nuclear reactors, 

producing about a third of the electricity output 

of a conventional reactor; microreactors are 

even more compact than SMRs and are typically 

portable, producing significantly less electricity 

than a conventional reactor; and large advanced 

reactors are similar in size to conventional 

reactors with different design characteristics. 

The categories of these different types of 

advanced nuclear reactors can overlap and are 

Diagram of the Molten-Salt Reactor Experiment at Oak 
Ridge National Laboratory, United States. (Oak Ridge National 
Laboratory / Wikimedia Commons)
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not consistently defined among experts. For 

the purposes of this report, however, we use 

the term advanced nuclear energy primarily to 

apply to small modular reactors (SMRs) and 

discuss microreactors where relevant.

The promises of the advanced 
nuclear Industry
Advanced reactor developers promise safer 

designs, more efficient fuel use, less waste 

generation, and lower weapons proliferation 

risks. Particularly, SMRs and microreactors 

claim lower upfront construction costs and 

shorter construction times due to their smaller 

size, factory-made modular parts, and on-site 

assembly. SMRs and microreactors are thus 

more attractive for countries and locations 

that would not be able to support a large 

reactor. Microreactors are designed to be 

compact and portable, so they are promoted 

as flexible for deployment to remote or isolated 

locations. Some SMRs are designed to provide 

both baseload power—a reliable, continuous 

supply of energy—as well as peaking power, 

necessary for periods of heightened electricity 

demand. Developers also promise that SMRs 

will reduce accident risks with passive safety 

systems that harness natural forces, such as 

gravity and pressure variations, to stabilize the 

reactor in the case of an emergency without the 

need for external power or human intervention. 

Many SMRs are designed to operate at least 

three years, and in some cases even decades, 

without refueling, reducing the circulation of 

nuclear material and thus the risk of nuclear  

weapons proliferation.

These smaller reactors are leading the next 

wave of nuclear innovation, promising to better 

match today’s energy market needs due to 

their unique features. SMR technology could 

be more accessible to low- and middle-income 

countries because of its siting flexibility and 

potentially lower upfront costs. And because 

microreactors and some SMRs such as floating 

nuclear power plants do not necessarily depend 

on the capacity or connectivity of local grids, 

they could electrify remote and rural areas. 

Given these advertised benefits, nuclear 

advocates in government, media, and industry 

portray SMRs as indispensable tools for meeting 

energy demands as well as climate goals. 

Nuclear fission does not produce any carbon 

emissions and can provide a steady supply of 

electricity. Some countries and communities 

look to replace fossil fuel-fired power plants 

with SMRs, using existing infrastructure such 

as water sources for cooling and transmission 

lines. In the process, they hope that the SMR 

industry would employ local workforces and 

communities with experience in the energy 

sector. Further, with an increase in extreme 

weather events and power disruptions, 

U.S. propaganda poster from 1956 advertising the 
Atoms for Peace program. (U.S. National Archives)
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proponents claim that SMRs could restart 

the power grid in a major blackout. Others 

argue that they are likely to be more resilient 

to droughts and heat waves. However, the 

technology is at an early stage, and it is still 

unclear whether the SMR industry can fulfill 

its promises.

Who is building advanced 
nuclear reactors?
Supporters of commercial advanced reactor 

development include long-time nuclear nations 

such as France, Russia, the United Kingdom, 

and the United States; 

nations that are rapidly 

building out nuclear 

energy such as China; the 

private sector, including 

large, established nuclear 

power companies and 

newcomer startups 

developing SMRs and 

microreactors; and a 

range of academic experts 

and think tanks around 

the world. Countries are racing to dominate 

the global advanced nuclear reactor market and 

craft strategic ties with other nations through 

SMR cooperation. Rosatom, the Russian state 

corporation for nuclear technology, currently 

dominates the global export market, owning 

half of all nuclear reactor export contracts 

worldwide. Unhindered by recent Western 

sanctions, Russia continues to expand its 

nuclear energy technology globally, with 

a growing focus on SMRs. China National 

Nuclear Corporation, the Chinese state-owned 

nuclear enterprise, recently announced the 

commercial operation of its first advanced 

reactor demonstration plant and seeks to 

export another SMR design to other nations 

soon. France has supported both state-owned 

utility Électricité de France and private startups 

in the development of novel SMR designs, 

seeking to develop SMRs through international 

partnerships.

Elsewhere, the private sector, with assistance 

from government programs, is playing 

a significant role in funding SMR and 

microreactor ventures. In the United Kingdom, 

Rolls-Royce is developing and exporting SMRs, 

shepherded by Great British Nuclear, the 

government body responsible for the United 

Kingdom’s nuclear power expansion. The U.S. 

government is supporting multiple companies 

developing advanced reactor designs, such 

as TerraPower and X-Energy, buoyed by 

a cooperative regulatory environment and 

competitive funding programs such as the 

Department of Energy’s (DOE) Advanced 

Reactor Demonstration Program, which has 

recently funded private-public partnerships. 

U.S. national laboratories are also supporting 

the research, development, and testing of 

microreactors and Generation IV advanced 

reactors. Large technology companies such 

as Amazon and Google and public and private 

utility corporations have recently signed 

Large technology companies such as Amazon 
and Google and public and private utility 
corporations have recently signed contracts 
with SMR developers to meet the rapidly 
growing energy demand from data centers 
powering the AI boom.
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contracts with SMR developers to meet the 

rapidly growing energy demand from data 

centers powering the AI boom.

Government and industry support is not only 

limited to civilian applications of advanced 

nuclear reactors. Some nations’ naval fleets 

have had nuclear-powered submarines and 

aircraft carriers for decades. Currently, some 

militaries are actively developing land-based 

small reactors to support remote operations 

with a reliable energy supply.

The risks and challenges of 
advanced nuclear energy
Despite great public interest and the rapid 

development of a diverse market, there are 

still considerable risks and uncertainties with 

SMRs. There is broad recognition that SMRs 

require a different regulatory approach than 

conventional nuclear reactors because they 

are designed and built differently, but these 

efforts are at an early stage. In addition, 

governments may need to develop new 

regulations to accommodate the waste from 

SMRs which may include new byproducts and 

increased levels of radioactivity. Although 

developers promise that the modular, factory-

based, shippable approach will reduce costs, 

this remains speculative until a significant 

number of operational prototypes are built. 

Global financing is also a challenge. Despite 

the relatively lower expected manufacturing 

cost of SMRs, construction is still expensive, 

and many multilateral development banks do 

not fund nuclear reactor projects (though the 

World Bank recently reversed its longtime 

ban on nuclear financing). Furthermore, the 

export of advanced nuclear reactor technology 

does not eliminate fundamental concerns 

about weapons proliferation—with more 

countries adopting SMRs, transfer of nuclear 

knowledge and amounts of fissile material 

will increase. Advanced reactors also do not 

eliminate radioactive waste—the long-term 

safe management of high-level radioactive 

waste will always be a necessity. Finally, 

to achieve smaller sizes, longer operating 

cycles, increased efficiencies, and better fuel 

utilization, many SMR designs require a special 

type of fuel with higher uranium enrichment 

levels—high-assay low-enriched uranium, or 

HALEU. To date, the only country that produces 

commercial HALEU is Russia, presenting a 

conflict in geopolitical interests for some 

Western nations, which have been working 

to end their reliance on Russian uranium and 

to ensure a stable supply chain of fuel for  

SMRs by developing domestic HALEU 

production capabilities.

HALEU reguli fabricated from downblended high-
enriched uranium recovered from legacy EBR-II fuel 
at Idaho National Laboratory. (U.S. Department of 
Energy)
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THE IMPLICATIONS OF 
ADVANCED NUCLEAR 
ENERGY
Our analysis aims to expand the political debate 

about advanced reactors—which currently 

focuses on whether or not they solve the nuclear 

industry’s waste, cost, safety, and proliferation 

concerns—to encompass the potential 

systemic implications of this emerging nuclear 

technology. Based on the 

social patterns observed 

in our analysis of 

analogous technologies 

in society, we anticipate 

that the implementation 

of advanced nuclear 

energy—particularly 

s m a l l  m o d u l a r 

reacors—will  have 

signif icant social , 

environmental, ethical, 

equity, economic, and  

geopolitical impacts.

Entrenching global disparities
Though SMRs may become a vehicle for 

global nuclear technical cooperation, our case 

research indicates that SMRs will exacerbate 

current international power imbalances. 

Though nations potentially receiving SMR 

technology hope to attain energy security and 

independence, SMRs are likely to become tools 

of geopolitical competition between powerful 

nations, who will use SMRs to exert their 

political, economic, and military influence in 

the name of exporting low-carbon, reliable, 

and affordable energy technology.

Resources that powerful states use to gain 

leverage over receiving nations include 

nuclear-related skills and expertise, a large 

workforce, manufacturing capabilities, and 

access to infrastructure financing. Rather than 

securing energy autonomy, these relationships 

can generate ongoing economic and political 

dependence. SMRs and their supply chains 

will likely introduce or reinforce neocolonial 

relationships from the global level down to 

the local. They will create new avenues for 

the indirect control of low-income countries 

by powerful states or transnational companies 

through economic and political means. 

Promises of local benefits for these nations 

are unlikely to be fulfilled due to incomplete 

and inequitable integration of infrastructure 

into local context.

Privileging markets over the 
public good
SMR developers depict their technology as a 

necessary and revolutionary upgrade from the 

reactors in use for the past 70 years. With this 

framing comes the promise that these novel 

Though nations potentially receiving SMR 
technology hope to attain energy security and 
independence, SMRs are likely to become 
tools of geopolitical competition between 
powerful nations, who will use SMRs to exert 
their political, economic, and military influence 
in the name of exporting low-carbon, reliable, 
and affordable energy technology.
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reactors can not just mitigate the risks and 

reduce public opposition but can also solve 

deeper social ills such as inequitable energy 

distribution and climate change. However, 

market pressures will likely prevent these 

promises from becoming reality and will 

actually increase the risks of SMRs, making 

them vulnerable to error and even catastrophic 

malfunction.

To maximize financial gains, the SMR industry 

will emphasize the novelty and importance of 

its technology in order to suppress regulatory 

oversight. The industry will frame SMRs as 

vital to fulfilling national goals like energy 

and infrastructure security, which will hinder 

governments’ efforts to regulate them. At 

the same time, the industry will exploit its 

superior expertise in SMR technology to 

influence regulation in its own favor. Finally, 

the SMR industry will prioritize economic 

viability over public interests and access to 

public resources. This will lead to the industry 

undermining its promises of less profitable 

outcomes such as rural distribution and climate 

change mitigation. It will also reinforce racial 

inequities in pursuit of profit, exploiting 

racialized labor and land to support the SMR 

supply chain.

Overlooking local and 
indigenous knowledge
The “tech fix” narrative of SMRs is likely 

to exacerbate social alienation among 

marginalized communities and further devalue 

their knowledge in the pursuit of land and 

resources, including by extending settler 

colonialist practices. Some SMR developers and 

governments have expressed the importance 

of building public trust through democratic 

decision-making and deeper engagement 

with community experiences, responding to 

frustrations that the nuclear energy industry 

has traditionally sidelined, such as local 

concerns regarding reactor design, siting, and 

governance as well as uranium mining and 

milling. However, treating SMRs as a simple 

technological solution will obscure harm to 

marginalized communities while devaluing 

their knowledge in the process. An attitude 

of tech-solutionism will almost always 

privilege the technology over the knowledge 

of marginalized communities. Second, SMRs—

like conventional nuclear energy—are likely to 

extend a legacy of settler colonialism based on 

resource extraction on Indigenous lands and 

the rejection of valuable Indigenous knowledge 

for sustainable land stewardship. Even though 

they offer key pathways to environmental 

sustainability, social equity, and public trust, 

the voices of marginalized communities are not 

only likely to be invalidated and ignored, but 

perhaps even actively and violently silenced.

Rössing uranium mine during IAEA Director General 
Yukiya Amano’s official visit in December 2013, 
Namibia. (Conleth Brady / IAEA)
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Intensifying environmental 
injustices
SMRs will introduce and exacerbate direct and 

indirect environmental harms, especially on 

marginalized communities, that complicate 

the justification for using them to mitigate 

climate change. Though framed as a solution 

to the climate crisis, SMRs—

even if they are successful in 

replacing fossil fuel plants—will 

enable industrial growth that is 

environmentally harmful. Beyond 

environmental concerns such as 

the management of high-level 

radioactive waste and end-of-life 

considerations for nuclear power 

infrastructure, climate-focused 

narratives overlook the environmental harms 

caused by the under-regulated industries 

enabled by SMRs. For example, the prospect 

of abundant, stable energy and the production 

of high process heat makes SMRs especially 

attractive to heavy industry. By co-locating 

with SMRs, these industries will introduce 

potential harms including local natural resource 

extraction, land degradation, and air and water 

pollution. Recent tech industry investments 

in SMRs to power the growing number of data 

centers for AI and other digital technologies 

will likewise exacerbate environmental impacts 

to land and water. The expanded development 

and construction of SMRs and other advanced 

nuclear energy technologies will also increase 

demand for uranium mining, an industry 

that is widely under-regulated and governed 

by inconsistent standards internationally, 

putting pressure on Indigenous lands already 

contending with a legacy of environmental and 

human harms from nuclear ventures.

SMRs are thus likely to exacerbate 

environmental risks and subsequent health 

burdens, either directly or indirectly. This 

will disproportionately affect marginalized 

communities, who lack the resources to 

prevent or manage them. Potential catastrophic 

accidents, while rare, will affect vulnerable 

populations the most. Communities with 

environmental and health concerns will be 

forced to advocate for themselves to address 

these risks and prevent harms. Protest 

or resistance to constructing uranium 

extraction and processing facilities, SMRs, 

or co-located industrial infrastructure in 

or near communities may be criminalized. 

Finally, corporate and government priorities 

are likely to squeeze vulnerable populations 

out of their local resources and limit their 

access to the energy benefits that SMRs 

could bring to the communities that need  

them most.

Abandoning promises of 
local development and 
empowerment
SMR proponents argue that newly built 

nuclear plants, particularly in rural or low-

income regions, will foster job creation that 

will reinvigorate local economies. Some 

governments and developers imagine the 

SMRs will introduce and exacerbate 
direct and indirect environmental harms, 
especially on marginalized communities, 
that complicate the justification for 
using them to mitigate climate change.
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complete transformation of former coal 

towns, with unemployed workforces and 

decommissioned plants, to be a logical 

starting point. Yet SMR jobs require expertise 

that most rural communities do not possess, 

and coal workers will likely struggle to gain 

employment in the industry as a result.

Some advocates assert that SMRs could also 

enable greater citizen autonomy in local 

energy governance. Where conventional 

nuclear has lacked robust public participation 

in past planning and governance processes, 

SMR ownership by local cooperatives and 

small municipal utility companies may 

encourage self-governance and wider 

community consent. However, to realize these 

promises—from plentiful and accessible jobs, 

to economic development, to energy self-

governance—proactive decision-making in 

technology design and policy action are needed. 

Additionally, disadvantaged communities are 

likely to be further marginalized in the process. 

However, achieving community governance of 

energy infrastructure may be possible through 

grassroots efforts and national-level policy. 

Unless the SMR industry prioritizes local 

consent and engagement in the same way 

it prioritizes cheap and efficient operations, 

promises of community development and 

empowerment will go unrealized. 
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Nuclear energy, a source of stable, carbon-

free electricity, has long been considered 

essential for meeting growing global energy 

demands. Amid the climate crisis, geopolitical 

instability, energy insecurity, and growing 

recognition of inequitable impacts of fossil 

fuel extraction and use, it has recently 

regained attention as a key solution to these 

problems (Hibbs, 2022; International Energy 

Agency [IEA], 2022b; Kuzemko et al., 2022). 

Recently, major technology companies such as 

Amazon, Google, and Microsoft have invested 

in nuclear energy as a reliable, carbon-free 

option to power energy-intensive data centers 

for Artificial Intelligence (AI) and other digital 

technologies (Chu & Smyth, 2024; Halper, 

2024; Sommer, 2024). However, nuclear power 

remains controversial due to its history of 

severe accidents, the risks of proliferation and 

potential use of nuclear material in weapons, 

challenges in managing long-lived nuclear 

waste, and high construction costs for nuclear 

power facilities (Plumer, 2024). Additionally, 

many nuclear power stations are increasingly 

facing premature shutdowns due to operating 

losses, maintenance costs, market conditions, 

and regulatory factors (Holt & Brown, 2021).

To manage these challenges, the global 

nuclear energy industry, in collaboration 

with governments, universities, and research 

laboratories, is developing a new generation of 

reactors broadly referred to as advanced nuclear 

reactors. Designed differently from today’s 

nuclear power technologies, they have been 

referred to as “not your grandfather’s reactors” 

(Gibson, 2023) and “more like airplanes 

and less like airports” (Karma, 2024). The 

United States’ Nuclear Energy Innovation and 

Modernization Act of 2019 (NEIMA) defines 

them as having “significant improvements 

compared to [existing] commercial nuclear 

reactors” (Nuclear Energy Innovation and 

Modernization Act, 2019). The advanced 

nuclear reactor industry promises designs 

that shut down passively in case of an accident 

and generate less waste by burning fuel 

more efficiently. They may also be cheaper 

if they are built using factory-made modular 

components and more proliferation-resistant 

by minimizing and containing weapons-usable 

material (Center for Arms Control and Non-

Proliferation, 2024). While engineers have been 

developing these advanced reactor concepts 

for decades (Ramana, 2015; Touran, 2020)—

on paper (Nuclear Energy Research Advisory 

Committee, 2002), in laboratories (Stanford, 

2013; Westfall, 2004), as pilot or demonstration 

projects (Le Renard, 2018; Tsukimori, 2016), 

and for military applications such as nuclear 

submarine propulsion (Conca, 2019)—recent 

years have seen a sharp increase in funding, 

research, and design for their commercial 

development (American Nuclear Society, 2024; 

Nuclear Innovation Alliance [NIA], 2021).

Chapter 1: Introduction

The global nuclear energy 
industry, in collaboration with 
governments, universities, 
and research laboratories, is 
developing a new generation of 
reactors broadly referred to as 
advanced nuclear reactors.
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While designs vary, advanced nuclear 
reactors broadly span three size 
categories:

1)	 Small modular reactors (SMRs): These 
reactors are smaller than conventional 
rectors and can fit into a large building 
or a city block, though the footprint of 
its industrial facility may be larger. SMRs 
can generate up to 300 megawatts 
(MW) of electricity—about a third of the 
power output of current large reactors, 
enough to power a small city (Columbus, 
2023; Liou, 2023; NIA, 2024). Multiple 
SMR units can be assembled together 
for increased power generation (Hill, 
2025).

2)	 Microreactors: Smaller and more 
compact than SMRs, microreactors are 
approximately the size of a truck and 
typically produce up to 20 MW of energy 
(U.S. Department of Energy, Office of 
Nuclear Energy [U.S. DOE-NE], 2021). 
Most are designed to be portable and 
flexible for deployment to remote areas, 
on ships and submarines, and even in 
outer space (Global Energy Association, 
2024; Idaho National Laboratory, n.d.; 
U.S. DOE-NE, 2024b).

3)	 Large advanced reactors: Similar in 
size compared to current power plants, 
these reactors could generate about 1 
GW of electricity on a power generation 
facility of approximately one square mile 
of land (U.S. DOE-NE, 2023b). Though 
some are simply evolutions of current 
reactor designs, they can also have 
significantly different attributes than 
their conventional light-water reactor 
(LWR) and heavy-water reactor (HWR) 
counterparts (Fisher, 2020; Gen IV 
International Forum, n.d.; S. Patel, 2012).

Advanced reactor concepts are primarily 

designed with different fuels, higher uranium 

enrichment levels, and alternative coolants and 

neutron moderators to improve fuel efficiency, 

enhance safety, and produce high heat 

amenable to secondary industrial processes 

such as hydrogen production or desalination 

(CEA, 2016; Clifford, 2023; Le Renard, 2018; 

Tsukimori, 2016; World Nuclear Association 

[WNA], 2021a). The latest iteration of advanced 

reactor designs are called Generation IV 

reactors (Gen IV International Forum, 2025). 

We do not discuss fusion reactor technologies 

in this report. For technical details about the 

differences between the different advanced 

reactor concepts, please see this report’s 

Appendix, Further Reading on Advanced  
Nuclear Reactors.

The categories of different types of advanced 

nuclear reactors can overlap and are not 

consistently defined (Tennessee Valley 

Authority, n.d.; Touran, 2023; WNA, n.d.). For 

example, some SMR designs use the same LWR 

technology as conventional reactors and thus 

may not be referred to as “advanced” by all 

experts. Regardless, advanced nuclear energy is 

often used as a practical, general term for all 

new reactor designs currently emerging in the 

global nuclear industry (U.S. DOE-NE, n.d.-b; 

U.S. Nuclear Regulatory Commission [U.S. 

NRC], 2025). In this report, we focus primarily 

on small modular reactors (SMRs) and discuss 

microreactors where relevant.

Advanced nuclear energy is 
often used as a practical, general 
term for all new reactor designs 
currently emerging in the global 
nuclear industry.
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A simplified overview of small modular reactors (SMRs), microreactors, and large advanced and conventional nuclear 
reactors for comparison. Due to the diversity of advanced reactor designs, some overlap exists between categories, which 
is not fully represented here. For more detailed information on advanced reactor designs, please see the Appendix, Further 
Reading on Advanced Nuclear Energy.

Lewis, N., Sibley, T., Stubblefield, N., Redmond, M., Kleinman, M., Parthasarathy, S., & Djokić, D. (2025). The Reactor Around the Corner: 
Understanding Advanced Nuclear Energy Futures. Technology Assessment Project, University of Michigan. https://doi.org/10.7302/25887

Function Physical size Power output Materials

Microreactors
Designed for flexible deployment in 
remote locations, such as military bases, 
ships, or even outer space.

Truck or small 
shipping container

Typically up 
to 20 MW; 
enough for small 
communities, 
remote areas, 
or industrial 
applications

Fuels: molten 
salt, liquid metal, 
TRISO, uranium 
oxide, or mixed 
oxide
Coolants: molten 
salt, liquid metal, 
high-temperature 
gas, or water
Moderators: 
water, graphite, 
metal hydrides, or 
no moderator

Small 
Modular 
Reactors 
(SMRs)

Designed for grid-scale electricity 
production with improved fuel 
efficiency and enhanced safety features. 
Constructed using factory-built modular 
components to reduce costs and 
construction timelines. Some designs 
operate at high temperatures suitable 
for industrial processes like hydrogen 
production or desalination.

Large building 
or a city block; 
industrial area 
may be larger

Typically up to 
300 MW; enough 
to power a small 
city, though 
multiple units can 
be assembled 
for more power 
generation

Large 
advanced 
nuclear 
reactors

Designed for grid-scale electricity 
production with improved fuel efficiency 
and enhanced safety features. Some 
designs operate at high temperatures 
suitable for industrial processes like 
hydrogen production or desalination. Large 

industrial area; 
approximately one 
square mile

Typically 1 GW; 
enough to power 
a medium-sized 
cityLarge 

conventional 
nuclear 
reactors

Designed for grid-scale electricity 
production for residential and industrial 
zones.

Fuels: uranium 
oxide or mixed 
oxide
Coolants: water
Moderators: 
water or graphite
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Instead of large and costly nuclear reactors, 

smaller reactors are leading the next wave 

of nuclear innovation, promising to better 

match today’s energy market needs due to 

their unique features. SMR technology could 

be more accessible to low- and middle-

income countries because of its 

siting flexibility and potentially 

lower upfront costs. And because 

microreactors and some SMRs 

such as floating nuclear power 

plants do not necessarily depend 

on the capacity or connectivity 

of local grids, they could electrify remote 

and rural areas (Daigle et al., 2024). Some 

nuclear experts claim that SMR deployment 

will happen alongside the continued expansion 

of conventional, large LWRs (Liou, 2024). The 

global nuclear energy industry aims to deploy 

the first SMRs within the next decade (EDF 

Group, 2022; Kozeracki et al., 2024.; Rolls-

Royce, n.d.; Stanway, 2021).

Governments, media, and industry are 

enthusiastic about SMRs. Large technology 

companies have recently signed contracts with 

SMR developers to meet the rapidly growing 

energy demand from data centers powering the 

AI boom (Stover, 2024; Terrell, 2024; Waltz, 

2024). However, commercial advanced reactor 

development is still in its early stages, and it 

is still unclear whether the SMR industry can 

fulfill its promises. Some early challenges 

to their implementation have already been 

identified (United States Government 

Accountability Office [U.S. GAO], 2015). But this 

creates an opportunity: there is still time to 

assess the impacts of SMRs comprehensively, 

and intervene before they perpetuate harm. 

Debates about SMRs currently focus on whether 

they can satisfactorily address safety, cost, 

proliferation, and waste concerns. There is 

inadequate understanding of the broader social, 

environmental, ethical, equity, economic, and 

geopolitical impacts. In particular, the potential 

impacts of SMR development and deployment 

on marginalized populations remain largely 

unexplored, raising the risk of design and 

infrastructure development that reinforces 

inequities (Becker et al., 2020; Benjamin, 2019; 

Malin, 2015; Parthasarathy, 2010; Winner, 

1980). A nuanced understanding of such 

impacts, which this report aims to provide, 

can guide decisions to maximize the benefits 

of SMRs while minimizing their systemic risks.

HISTORY OF NUCLEAR 
POWER
The history of nuclear energy is inextricably 

intertwined with war. In the 1930s, when 

scientists in England, Germany, and Austria 

discovered nuclear fission—the splitting of 

uranium atoms that produces large quantities 

of energy—the application for military use was 

not far from the horizon. The Second World 

War triggered additional investments and 

research in the United States (US), the Soviet 

Union (USSR), and the United Kingdom (UK) 

(Cheban, 2015; Szasz, 1992). In 1942, scientists 

involved in the U.S.-based Manhattan Project 

built the world’s first nuclear reactor, in 

Chicago, to test the military’s ability to control 

There is still time to assess the impacts 
of SMRs comprehensively, and intervene 
before they perpetuate harm. 
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nuclear fission reactions (Mally Dean, 2022). 

By 1945, the United States had dropped the 

first atomic bombs on Hiroshima and Nagasaki, 

Japan, killing approximately 200,000 people 

(Wellerstein, 2020).

After the war, governments around the world 

contemplated how to use atomic science and 

technology during peacetime. In the United 

States, this led to the establishment of the 

Atomic Energy Commission (AEC) in 1946, 

dedicated to fostering and controlling nuclear 

technology for both energy and weaponry 

(Hewlett & Anderson, 1962; Niehoff, 1948). 

But by the 1950s, there was emerging public 

concern about the dual-use nature of nuclear 

technology (Baron & Herzog, 2020). Even 

Albert Einstein, who had earlier written to 

President Franklin D. Roosevelt asking him 

to increase atomic research to prepare for 

the German threat, signed a manifesto along 

with other scientists and intellectuals in 1955, 

highlighting the danger of continued nuclear 

weapons development.

This soon gave rise to the “Atoms for Peace” 

movement, which promoted the use of nuclear 

power while justifying the creation of a 

nuclear weapons stockpile (Krige, 2006). In 

1954, President Eisenhower formalized this 

approach by signing the Atomic Energy Act, 

which enabled rapid declassification of U.S. 

reactor technology and encouraged private 

sector development (Atomic Energy Act, 1954). 

A year later, the United Nations International 

Conference on the Peaceful Uses of Atomic 

Energy, in Geneva, also known as the “Atoms 

for Peace” conference, encouraged international 

cooperation and scientific information sharing 

regarding nuclear technology for civilian use, 

both for power generation and agricultural, 

medical, and industrial applications (Hamblin, 

2021; International Atomic Energy Agency 

[IAEA] Bulletin, 1964). By the end of the 

decade, the United Nations (UN) had created the 

International Atomic Energy Agency (IAEA) as 

an autonomous intergovernmental organization 

to promote the peaceful use of nuclear energy, 

and it sets international standards and best 

practices and has the authority to monitor 

nuclear programs and inspect nuclear facilities 

to this day. In 1968, 43 countries signed the 

Treaty on the Non-Proliferation of Nuclear 

Weapons (NPT) aimed to prevent the spread 

of nuclear weaponry and promote peaceful 

uses of nuclear technology, with the ultimate 

goal of complete global disarmament (Treaty 

on the Non-Proliferation of Nuclear Weapons, 

1968). The treaty is still active and now has 

191 signatories, including five nations who 

possess nuclear weapons (the US, Russia, the 

UK, France, and China). However, there are 

some countries that have or are thought to have 

Atoms For Peace Traveling Exhibit, Oak Ridge.  
(Ed Westcott / Department of Energy)
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nuclear weapons (India, Pakistan, North Korea, 

and Israel) that are not currently party to the 

NPT (Miller & Scheinman, 2003). 

In the meantime, experimentation with nuclear 

energy for power generation continued. In 

1951, the United States generated the first 

electricity from nuclear energy in Arco, Idaho 

(Daly, 2023), and in 1954, the USSR connected 

its first nuclear power plant to the power 

grid in Obninsk (Semenov, 1983). England 

connected the world’s first industrial-scale 

nuclear power station, Calder Hall, to the 

national grid for electricity generation in 1956 

(Aldred & Stoddard, 2008). But the dual use of 

nuclear technology was well entrenched; Calder 

Hall also produced plutonium-239, a fissile 

isotope of plutonium used in some nuclear 

weapons, for Britain’s newly developed nuclear  

weapons program.

By the 1960s, pilot-scale or demonstration 

reactors were operating in all major industrial 

nations, serving research purposes while 

demonstrating the technical and economic 

feasibility of nuclear power (IAEA, n.d.-a). 

Western and Eastern Europe, North America, 

Japan, and the Republic of Korea were 

particularly enthusiastic about the new 

technology. In the United States alone, 

utilities ordered more than 50 reactors by 

1967, surpassing orders for new coal- and oil-

fired plants. Global nuclear capacity expanded 

rapidly, growing from 1 gigawatt (GW) in 

1960—enough to power a medium-sized 

city—to 100 GW in the 1970s and 300 GW by  

the late 1980s.

The AEC’s dual role as regulator and industry 

promoter raised concerns about opaque 

risk assessment and regulatory capture 

(Bergen, 2016). These issues, combined with 

regulatory restrictions, growing environmental 

awareness, and concerns that the AEC was 

overly focused on nuclear energy alone, 

ultimately led to the agency’s dissolution 

(Buck, 1983). The 1974 Energy Reorganization 

Act divided the Commission’s developmental 

and regulatory functions into the newly 

created Energy Research and Development 

Administration—later reorganized into the 

U.S. Department of Energy (U.S. DOE)—and 

the U.S. Nuclear Regulatory Commission 

(U.S. NRC), an independent body tasked with 

overseeing nuclear safety (Buck, 1983; Energy 

Reorganization Act, 1974; McElheny, 1973). 

To strengthen public confidence, the NRC 

implemented a more rigorous reactor licensing 

process, adopted consensus standards, 

tightened engineering regulations, and 

introduced stricter safety requirements (U.S. 

NRC, 2011).

Today, the United States is the largest 

producer of nuclear power in the world, at 

780 terawatt-hours (TWh) per year in 2023 

generated by 92 commercial nuclear power 

reactors, providing roughly 19% of the 

nation’s electricity (Csizmadia, 2023; Energy 

Information Administration [EIA], 2023; 

International Atomic Energy Agency Power 

Reactor Information System [IAEA PRIS], 

2024). The vast majority of these plants were 

built between the 1960s and 1990s, with 

new site construction coming to a relative 

standstill by the end of the 20th century due 

to rising economic costs, falling fossil fuel 

prices, electricity liberalization, heightened 

regulation, and safety concerns (Khatib & 

Difiglio, 2016). France’s share of nuclear 

energy on the grid, by contrast, is famously 

the highest in the world, at approximately 65% 
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(IAEA PRIS, 2024), from 56 operating reactors. 

China produces approximately the same total 

nuclear-generated power from roughly the 

same number of reactors as France, though 

only contributing to 5% of its total national 

electricity generation (IAEA PRIS, 2024). While 

reactor construction has slowed substantially 

in the US and Western Europe, several Asian 

countries (including China) are actively 

planning and building new reactors (Johnson 

& Russo, 2024; WNA, 2024a). Other countries 

are also expressing interest (Cohn, 1997). 

The IAEA promotes domestic nuclear energy 

development through its Integrated Nuclear 

Infrastructure Reviews (INIR), an advisory 

and evaluating service that prepares low- and 

middle-income countries to build their first 

nuclear power plants (IAEA, n.d.-b). In 2013, 

the IAEA announced that 67 nuclear reactors 

were under construction worldwide, primarily 

in India and China, and from 2011 to 2019, 

the IAEA conducted preparatory construction 

INIR phases in Bangladesh, Belarus, Egypt, 

Jordan, Nigeria, Saudi Arabia, South Africa, 

Turkey, the UAE, and Vietnam (Amano, 2013;  

Quevenco, 2012).

Today, the IAEA and the Nuclear Energy Agency 

(NEA) at the Organization for Economic Co-

operation and Development (OECD) provide 

knowledge and expertise to help countries 

around the world govern nuclear power. This 

includes guidelines on licensing processes 

that assess the safety of a technical design, 

potential environmental impacts, and the 

financial viability of the operation and 

decommissioning of a nuclear power plant or 

nuclear fuel cycle facility. These guidelines 

also suggest standards for monitoring facility 

operations, conducting facility safety reviews, 

and establishing emergency preparedness 

standards (IAEA, 2013; Nuclear Energy Agency 

[NEA], 2025; U.S. NRC, 2011). However, laws 

and policies still vary across nations, reflecting 

political and cultural differences in energy 

policies (IAEA, n.d.-c; WNA, 2013). In the 

United States, the NRC enforces stringent 

oversight, but it is caught between a nuclear 

industry that views its regulatory requirements 

as overly burdensome and critics who argue 

they are too lax (Gilinsky, 2024; Nuclear Energy 

Institute, 2015; Walker & Wellock, 2024). In 

contrast, China’s state-sponsored, centralized 

nuclear power program faces fewer regulatory 

hurdles, prioritizing rapid development over 

extensive oversight (He et al., 2013; Wang & 

Chen, 2012).

The International Atomic Energy Agency headquarters, 
Vienna, Austria. (Denia Djokić)
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THE RISKS OF NUCLEAR 
POWER
Almost since its inception, nuclear power 

has engendered resistance. In response to 

multiple small accidents in the 1960s in 

Michigan, Idaho, and Switzerland, citizens in 

California successfully challenged Pacific Gas 

& Electric’s plan to build a reactor in Bodega 

Bay, on the coast north of San Francisco 

(SwissInfo, 2019). Soon, a global anti-nuclear 

movement mobilized, composed of scientists, 

environmentalists, and citizens. They were 

motivated by Cold War anxieties as well as 

concerns about accidents, nuclear proliferation, 

terrorism, and waste disposal (Mandelbaum, 

1984). The movement grew as publics paid 

more attention to environmental protection in 

the 1970s (Jasper, 1990; Nelkin, 1981). Some 

countries, like Australia and Austria, declined 

to move forward with nuclear power. Other 

nations persisted, but this did not stop public 

concern, controversy, or outright opposition.

There is also persistent worry about the dual use 

of nuclear technology; uranium enrichment, a 

process that prepares reactor fuel for energy 

generation, can also produce weapons-

grade nuclear material (Union of Concerned 

Scientists, 2009). Though the levels of uranium 

enrichment used for most of today’s reactors 

(roughly three to five percent) and weapons 

(over 90 percent) differ greatly (U.S. DOE-NE, 

2023c), anxieties about the potential misuse of 

nuclear energy technology to covertly develop 

weapon arsenals have not disappeared. Some 

NPT signatories are not complying with its 

terms (Arms Control Association, 2024), and 

nuclear weapons states (NWS) have not shown 

significant progress towards total disarmament 

(United Nations [UN], 2024). In a concerted 

global effort to completely eliminate nuclear 

weapons, the Treaty on the Prohibition of 

Nuclear Weapons (TPNW) has 95 signatories 

to date, having entered into force in early 2021 

(UN Office for Disarmament Affairs, n.d.). As 

noted above, some states that have or are 

thought to possess nuclear weapons have not 

signed the NPT at all, thereby operating outside 

of international norms (Miller & Scheinman, 

2003). Furthermore, there is growing concern 

that non-state actors could compromise plant 

safety and security through sabotage, steal 

enriched uranium or plutonium from facilities 

to create weapons, or wage a targeted attack on 

a facility or transported material (Bunn, 2009). 

Over the last 50 years, there have been roughly 

90 recorded incidents of terrorism at nuclear 

facilities or during the transportation of fissile 

or radiological material (De Cauwer et al., 2023; 

IAEA, 2024a). The IAEA safeguards regime for 

NPT signatories is a complex, expensive system 

of monitoring and reporting to verify that IAEA 

member states are using nuclear technology 

exclusively for peaceful purposes, which can 

Protesters marching against the fast breeder sodium-
cooled reactor in 1979 near Kalkar, Germany.
(Nationaal Archief)
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present challenges with effectiveness and 

consistency (Blix, 1987; Goldschmidt, 2003; 

Goldschmidt, 2013; Pellaud, 1994). Due to 

the war between nuclear weapon state Russia 

and non-nuclear weapon state Ukraine, in 

addition to long-standing tensions between 

nuclear and non-nuclear weapon states in 

general (International Campaign to Abolish 

Nuclear Weapons, 2023; Weaver, 2023), there 

are renewed fears about the heightened 

probability of weapons use (Budjeryn, 2024). 

The concerns also extend to the vulnerability 

of nuclear facilities, such as the Zaporizhzhia 

Nuclear Power Plant seized by Russian forces 

in 2022, to political and military violence, 

endangering its safety and security and holding 

the plant and its workers hostage (Dolzikova, 

2024; International Labour Organization, 2023; 

Kramer, 2025; Meduza, 2025; Roecker, 2023; 

UN, 2024).

The management and permanent disposal of 

nuclear waste, which can remain harmful to 

humans and the environment for hundreds of 

thousands of years, has also posed a challenge 

to the industry and government since the 

beginning of the nuclear age. Globally, there 

are more than one quarter million tons of 

high-level radioactive waste at power plants 

and weapons production facilities (Jacoby, 

2020). The United States alone generates 

approximately 2,000 metric tons of high-

level commercially produced spent nuclear 

fuel (SNF)1 per year (U.S. DOE-NE, 2022b). 

A standard 1 GW nuclear power plant, which 

can power up to one million households (Stein, 

2024), generates around 25 to 30 tons of SNF 

1	 Spent nuclear fuel is uranium fuel that has been used in a nuclear reactor. It is discharged from the reactor when it 
cannot generate electricity anymore. Spent nuclear fuel from current commercial reactors is solid in form, hot, and highly 
radioactive due to waste products generated from the nuclear fission reactions during reactor operation. After cooling 
in a pool, it can be temporarily stored in dry concrete casks, recycled and reused in a reactor, permanently disposed of 
in a geologic repository, or some combination of the above (U.S. DOE-NE, 2022b)

per year (Touran, 2008; WNA, 2024c). This 

amount is the equivalent of about the size of a 

brick of SNF for each person’s annual electricity 

needs (WNA, 2021b). 

Some countries, including France, India, 

Japan, Russia, and the UK, manage the waste 

by recycling—also called reprocessing—

SNF (WNA, 2024h). The resulting high-level 

liquid waste is then immobilized in glass—a 

process known as vitrification—and stored 

in temporary storage facilities while it awaits 

permanent disposal underground (Jacoby, 

2020; U.S. NRC, 2023a; WNA, 2024c). However, 

there is significant scientific uncertainty about 

when and how these buried waste packages 

will degrade and how quickly radionuclides 

will leach out when the waste package comes 

into contact with groundwater over the course 

of tens, or even hundreds, of thousands of 

This low-level waste disposal site accepts waste from 
states participating in a regional disposal agreement.  
(Wikimedia Commons)
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years. In the United States, a 1957 National 

Academy of Sciences report recommended 

geological disposal, while emphasizing the 

need for continued research (National Research 

Council, 1957). However, finding a site—even a 

demonstration site—proved difficult (Hewlett, 

1978). In 1987, the United States legislature 

eventually chose Yucca Mountain, in Nevada, 

as the repository for the nation’s high-level 

nuclear waste. But after years of controversy, 

the Obama administration defunded the project 

in 2011 (Blue Ribbon Commission, 2012; Rubin, 

2021). In the absence of a permanent solution, 

this waste is stored above ground at power 

plants and processing facilities across the 

United States. Meanwhile, other countries, 

most notably Finland and Sweden, are 

planning and constructing deep underground 

repositories to store this waste; Canada also 

recently announced that it would build a deep 

geologic repository (Benke, 2023; Jones, 2024; 

S. Patel, 2022; S. Patel, 2024a). 

Accident risk is another major concern. Since 

the introduction of nuclear power, there have 

been over two dozen nuclear accidents across 

the world, including three severe reactor 

accidents that garnered significant public 

attention (British Broadcasting Corporation 

[BBC] News, 2011; Laka Foundation, n.d.; Union 

of Concerned Scientists, 2013). The first, in 

1979, was a partial core meltdown at the Three 

Mile Island nuclear power plant in western 

Pennsylvania, which generated significant 

public upset and significantly slowed reactor 

development in the United States (Hultman & 

Koomey, 2013). Seven years later, the explosion 

at the Chernobyl reactor in Ukraine killed 

multiple people immediately, and many more 

later through cancer, and led to the creation 

of a 30 km exclusion zone displacing tens of 

thousands (WNA, 2024b). Chernobyl remains 

the deadliest and costliest nuclear disaster 

in history and strengthened the global anti-

nuclear movement (Prokip, 2020). After a 

public referendum in 1987, for example, Italy 

began to phase out its nuclear power plants 

(Graf von Hardenberg, 2011).

Twenty-five years later, in 2011, a powerful 

earthquake and tsunami off the north-eastern 

coast of Japan damaged both the electrical 

grid and the backup power sources at the 

Fukushima Daiichi Nuclear Power Station. The 

plant was unable to cool itself and released 

radiation into the environment, resulting in 

the worst nuclear power station meltdown 

since Chernobyl (Acton & Hibbs, 2012). As the 

first major nuclear disaster of the internet age, 

the events were widely watched around the 

world, increasing public concern about the 

technology (The Associated Press, 2022). Japan 

itself immediately temporarily shut down all 

of its operating reactors, though it has since 

successfully restarted many of them (McCurry, 

2025). Other governments, including Germany, 

Belgium, and Switzerland, began to phase out 

reactors too; worldwide nuclear electricity 

production in the sector dropped 4% in 2011 

and another 7% in 2012, the biggest drop in 

history (Paillere & Donovan, 2021; Schneider 

et al., 2013). Italy and Spain, which had begun 

to consider building new reactors, ended their 

efforts (Phillips, 2011). And in 2022, Austria 

and Germany sued the European Union for 

framing nuclear energy as a green investment 

(Frost, 2024).

Today, some of the world’s most high-profile 

environmental organizations, including the 

Sierra Club and Greenpeace, continue to 

oppose nuclear energy. They argue that it is too 
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expensive and unsafe, both in terms of accident 

risk and nuclear waste storage (Greenpeace, 

n.d.; Sierra Club, n.d.). However, some younger 

climate activists see these beliefs as outdated 

and note that nuclear power, which produces 

minimal carbon emissions, is cleaner than 

fossil fuels (Goodyear, 2023; Harder, 2019). 

Meanwhile, in the United States, the Union of 

Concerned Scientists and others claim that the 

NRC is too friendly with the nuclear industry 

to regulate it effectively (Lyman, 2024; von 

Hippel, 2021).

In recent years, energy analysts have also 

questioned the cost-effectiveness of nuclear 

power. Nuclear projects face enormous capital 

costs, with reactor construction around 

the world frequently delayed and the costs 

exceeding initial budgets (Potter, 2023). 

Meeting regulatory requirements further 

increases costs. Meanwhile, the costs of natural 

gas—and even solar, wind, and biofuels—have 

decreased, making nuclear power even less 

competitive (Ro, 2022).

Finally, social inequalities and injustices 

exacerbated by nuclear energy use is exemplified 

by the disparate impacts of uranium mining 

and processing as well as nuclear plant siting 

(Brugge & Goble, 2002). Nuclear power relies 

on uranium, which is found in low levels in 

minerals and rock deposits all over the world. 

To be used as reactor fuel, it must be mined 

from the Earth’s crust, usually in areas with 

deposits of higher uranium concentrations (EIA, 

2023; WNA, 2024e). It is then processed into 

a chemical form suitable for fuel fabrication. 

Both mining and processing can cause serious 

health effects, as they require the use of water 

and chemicals to extract useful uranium (from 

either crushed rock or underground ore). 

Mining uranium ore conventionally—mostly 

from open pits—emits radon gas, which has 

been associated with higher rates of lung 

cancer (National Research Council, 2012). It 

also exposes workers to radiation, which can 

damage cells and ultimately trigger cancers. 

Workers might inadvertently inhale or ingest 

radioactive materials or absorb them through a 

cut in the skin. Surrounding communities are 

also at risk, particularly if the solvents used to 

extract uranium in either conventional milling 

or in-situ recovery (ISR) mining processes—

which become radioactive and contaminated in 

the process—are released or leached into the 

groundwater (Becker et al., 2020).

Today, most of the world’s uranium comes 

from Canada, Kazakhstan, and Australia, 

followed by Namibia, Niger, and Russia (Becker 

et al., 2020; WNA, 2024g). However, during 

the first few decades of the atomic age, the 

U.S. government procured most of its uranium 

from mines on or adjacent to the Navajo Nation 

(Richter, 2009). The mines provided stable jobs 

Uranium mine, Utah. (Matt Affolter / Wikimedia Common)
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but exposed workers to dangerous conditions 

with insufficient protective equipment or 

ventilation (U.S. Department of Justice, Office 

of Public Affairs, 2015). Many mine workers 

experienced increased lung and other cancers, 

impaired kidney function, and shortened life 

expectancies (Arnold, 2014). Furthermore, 

in 1979, just months after the Three Mile 

Island accident, a dam near the United 

Nuclear Corporation’s Church Rock mine and 

mill failed, releasing massive amounts of 

radioactive mill tailings—waste products from 

the milling process that contain radioactive 

decay products—into the nearby Puerco River 

and Navajo lands (Gilbert, 2019; Jennings, 

2014). The spill caused immediate as well as 

long-term harm to humans and livestock, 

with residents continuing to report increased 

cancer rates and ongoing contamination levels 

in the water even decades later (Gilbert, 2019; 

Shebala, 2009).

Since then, the federal, state, and tribal 

governments have strengthened environmental 

protections and Native Americans’ autonomy 

over their lands. This includes the National 

Environmental Policy Act (NEPA) which 

requires environmental impact assessments 

and the Clean Air and Clean Water Acts (Clean 

Air Act, 1963; Clean Water Act, 1972; National 

Environmental Policy Act, 1969). The U.S. 

Department of Energy (U.S. DOE) and the 

U.S. Environmental Protection Agency (U.S. 

EPA) are now responsible for the safe and 

environmentally sound disposal of radioactive 

waste, including the mill tailings associated 

with uranium processing. However, the 

government has provided only minimal 

compensation to those harmed by nuclear 

energy and weapons production, including those 

involved in uranium mining and milling (U.S. 

Environmental Protection Agency [U.S. EPA], 

n.d.; U.S. GAO, 2020; U.S. GAO, 2024b). Today, 

mining companies are eager to extract uranium 

located in the American West, including from 

areas near the Grand Canyon (Baker, 2024; 

Keith, 2023; Penn et al., 2024). Yet on tribal 

lands, the Indian Mineral Development Act 

of 1982 grants tribes the authority to develop 

their mineral resources in any manner (Hook & 

Banks, 1993; Indian Mineral Development Act, 

1982; U.S. Department of the Interior, Bureau 

of Indian Affairs, n.d.).

Meanwhile, uranium mining continues to 

reflect geopolitical power asymmetries. France, 

known for its large generation and exportation 

of nuclear power, has relied heavily on past 

colonies in Africa, such as Niger and Gabon, 

to meet its uranium demand (Hecht, 2004; 

Hecht, 2012). The UK relies on uranium from 

former colonies as well, particularly Canada 

and Australia, where mining in Saskatchewan 

and Western Australia endangers First Nation 

and Aboriginal populations (Becker et al., 2020; 

Ranger Uranium Mine, Kakadu National Park uranium 
mining controlled area, Australia. (Alberto Otero García 
/ Wikimedia Commons)
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Bowen et al., 2014). Yet these dynamics are 

not always direct extensions of past colonial 

systems; neo-colonial relationships between 

nations have emerged, driven by interests 

in uranium extraction or nuclear reactor 

construction (Becker et al., 2020; Pibida, 2022; 

Rossi, 2022; U.S. Department of State, Office of 

the Spokesperson, 2022). Laws and regulations 

for worker safety and environmental protections 

for the extractive or energy generation sector 

vary by nation, for which the IAEA provides 

model guidelines and safety standards (IAEA, 

1999; IAEA, 2002; IAEA, 2018). Furthermore, 

many of these countries have declared 

commitments to UN frameworks which require 

the consent of Indigenous communities and 

protection of tribal territories—where most 

global uranium deposits lie—for extractive 

projects (Becker et al., 2020; Indigenous 

and Tribal Peoples Convention, 1989; Rio 

Declaration on Environment and Development, 

1992; Declaration on the Rights of Indigenous 

Peoples, 2007). Some Eurasian nations 

have also pledged to ensure citizens’ rights 

to environmental protection and public 

participation (United Nations Convention on 

Access to Information, Public Participation 

in Decision-Making and Access to Justice in 

Environmental Matters, 1998). However, these 

frameworks are rarely exercised in practice.

UNDERSTANDING 
ADVANCED NUCLEAR 
ENERGY
Given this difficult history, advanced nuclear 

reactors, specifically small modular reactors, 

offer great promise. Supporters of SMR 

development include long-time nuclear nations 

such as France, Russia, the United Kingdom, 

and the United States; nations that are rapidly 

building out nuclear energy such as China; 

the private sector, including large, established 

nuclear power companies and newcomer 

startups developing SMRs; and a range of 

academic experts and think tanks around the 

world (NIA, 2021). Many SMR advocates contend 

that cheaper renewables like wind, solar, and 

hydropower require precarious environmental 

conditions to function, and the technologies 

to store that power (like big battery farms) 

are both expensive and resource-intensive. By 

contrast, SMRs claim to provide both baseload 

power—the reliable, continuous energy supply 

required throughout a day—as well as peaking 

power, necessary for periods of heightened 

energy demand (U.S. DOE-NE, 2020).

SMRs also promise greater efficiency, 

affordability, and flexibility while being 

adaptable to various energy needs. Unlike 

conventional nuclear reactors, which rely 

on water as a coolant and run on relatively 

low uranium fuel concentrations, some SMR 

Experimental Breeder Reactor-II (EBR-II), Idaho.
(Idaho National Laboratory) 
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designs use alternatives such as molten salt, 

high-temperature gas, and liquid metal. These 

advanced coolants allow for higher operation 

temperatures, leading to more efficient 

energy production (Gen IV International 

Forum, n.d.; WNA, 2021a). Proponents claim 

that SMRs are more cost-effective, as their 

modular components would be manufactured 

in factories first and then assembled on-site, 

reducing overall construction expenses. Their 

smaller size promises to further decrease costs 

and increase mobility (WNA, 2021a), facilitating 

electricity production in rural areas that may 

not be well-connected to the power grid or 

for specific energy-intensive uses like carbon 

capture or desalination (Fattouh et al., 2024).

Developers also promise that SMRs will reduce 

accident and proliferation risks. Many designs 

leverage passive safety systems that harness 

natural forces such as gravity and pressure 

variations to stabilize the reactor in the case 

of an emergency. This minimizes the need 

for operator action or a direct power source 

to prevent accidents (Giges, 2014). And, to 

address dangers to workers, surrounding 

communities, and the environment caused by 

highly radioactive spent fuel, many SMRs are 

designed to operate at least three years, and 

in some cases even decades, without refueling 

(Liou, 2023). These design changes will also 

reduce the risk of nuclear proliferation because 

there will be less need to transport fuel and 

reactor components which create opportunities 

for theft (Prasad et al., 2015). SMRs also 

promise to produce less waste, as most SMR 

are designed to burn the uranium fuel more 

efficiently—though the waste volume, form, 

and characteristics vary widely by design 

(Larson, 2022).

Given these promised benefits, nuclear 

power is promoted as being a useful tool for 

mitigating climate change. Nuclear fission 

does not produce any carbon emissions and, 

if functioning properly, can provide a steady 

supply of electricity. By contrast, for every 

kilowatt-hour (kWh) of energy produced, coal 

plants emit at least 2.3 pounds of carbon dioxide 

and other greenhouse gases (GHG) in addition 

to other pollutants (EIA, n.d.-a, EIA, n.d.-b). 

In the United States, fine particulate emissions 

from coal-fired power plants, such as sulfur 

dioxide and nitrous oxides, are responsible for 

anywhere from 7,500 to 52,000 early deaths 

from lung cancer and cardiopulmonary disease 

every year—impacts that fall more heavily on 

people of color (Apt, 2017; Cushing et al., 2023). 

Some argue that nuclear power has the lowest 

lifecycle carbon footprint of any energy source, 

including renewable sources (Grossi, 2024). 

In fact, some look to replace fossil fuel-fired 

power plants with SMRs, using existing nearby 

infrastructure, such as water sources for 

cooling and transmission lines. In the process, 

they hope that SMRs would employ local 

workforces and communities with experience 

in the energy sector (Hansen et al., 2022). 

TerraPower, a US-based advanced nuclear 

reactor developer company, is building its first 

SMR, the Natrium demonstration reactor, near 

a decommissioning coal plant in Kemmerer, 

Wyoming (Brulliard, 2023; Tan, 2024).

Further, with an increase in extreme weather 

events and power disruptions, SMRs could 

restart the power grid in a major blackout 

(Climate Central, 2022; NIA, n.d.; Sullivan, 

2022). Others argue that they are likely to be 

more resilient to droughts and heat waves. 

Some countries, including China, Russia, and 

South Korea, are designing floating nuclear 
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power plants for maritime cargo shipping, 

sea-based military operations, or bringing 

energy to remote regions (P. Patel, 2024; Xue & 

Tang, 2024). The Akademik Lomonosov, based 

on Russian nuclear reactors used to power 

icebreaker ships, provides heat and electricity 

to a town in the Arctic (Nilsen, 2025). Many of 

these ship-based small reactors are designed 

to withstand extreme weather events and 

could potentially provide power to remote 

mining operations or areas following natural 

disasters (Tiwari, 2021; World Nuclear News  

[WNN], 2022).

With this potential, 

countries are racing to 

dominate the global 

advanced nuclear reactor 

market and, at the 

same time, reinforcing 

and extending their 

geopolitical influence (Ahn et al., 2024; Dewan 

et al., 2024). Rosatom, the Russian state 

corporation for nuclear technology, dominates 

the global export market, owning half of all 

reactor export contracts worldwide (Kobayashi, 

2024; WNA, 2025b). Neither its conventional 

or small modular reactor orders have been 

significantly impacted by Western sanctions 

following the war in Ukraine (Jennetta & 

Vorotnikov, 2025; Szulecki & Overland, 2023) 

despite recent European Union efforts to 

impose sanctions on Russian nuclear exports 

(Gavin & Jack, 2024). Russia continues to 

expand its nuclear energy technology globally, 

with a growing focus on SMRs (Rosatom, 

2023; Rosatom, 2024; WNA, 2025b). Similarly, 

through its national energy policy, China is 

investing significantly in SMR research and 

development (Martin, 2015; Song, 2021). China 

obtained IAEA approval on its first SMR, the 

Linglong One, in 2016 and has since started 

construction of the first unit in Hainan 

Province (Larson, 2023, Shaw, 2024; Stanway, 

2021). China National Nuclear Corporation 

(CNNC), the state-owned nuclear enterprise, 

recently announced the commercial operation 

of the high-temperature gas-cooled reactor 

pebble-bed module (HTR-PM) demonstration 

reactor near Shidao Bay, Shandong Province 

(Larson, 2023). China seeks to soon export its 

Linglong One SMR design to strengthen its 

bilateral relationships across the globe, in what 

some call its “nuclear belt and road initiative” 

(Kim, 2023; Liu & Fan, 2023; Tao & Chu, 2023). 

Meanwhile, France’s national investment plan, 

“France 2030,” has supported both state-

owned utility Électricité de France (EDF) and 

private startups in the development of novel 

SMR designs (IEA, 2022c; Pécout, 2024). Due 

to cost concerns and the desire to minimize 

financial risk, EDF has recently redrafted 

its designs to rely on more proven nuclear 

technology, and France is seeking to develop 

SMRs through international partnerships 

(Hernandez, 2024; Vidalon, 2022; Yadav, 2025).

Militaries have a great interest in developing 

and deploying advanced reactors, especially 

microreactors (Andres & Breetz, 2011). 

Historically, the U.S. Navy has used nuclear-

powered submarines—essentially, the first 

microreactors—for several decades (U.S. EPA, 

Countries are racing to dominate the global 
advanced nuclear reactor market and craft 
strategic ties with other nations through SMR 
cooperation.
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2024a; WNA, 2025a). During the Cold War, 

a nuclear microreactor was used by the U.S. 

Air Force to power a remote radar station in 

Wyoming (Shropshire, 2023). In September of 

2024, the U.S. Department of Defense broke 

ground on a mobile nuclear reactor, Project 

Pele, that will be used to improve the reliability 

and resilience of energy access for Department 

activities (U.S. Department of Defense, 2024). 

Elsewhere, the private sector, sometimes 

with assistance from government programs, 

is playing a significant role in funding SMR 

ventures. In the UK, Rolls-Royce is developing 

and exporting SMRs, shepherded by Great British 

Nuclear, the government body responsible for 

the UK’s nuclear power expansion (Rolls-Royce 

SMR, 2024; WNN, 2024b). The United States 

government is supporting multiple companies 

developing advanced reactor designs, buoyed 

by a cooperative regulatory environment 

and competitive funding programs such as 

the DOE’s Advanced Reactor Demonstration 

Program (ARDP), which has recently funded 

private-public partnerships (U.S. DOE-

NE, n.d.-a; U.S. NRC, 2025). U.S. national 

laboratories are also supporting the research, 

development, and testing of microreactors and 

Generation IV advanced reactors (U.S. DOE-NE, 

2025). The advanced reactor company NuScale 

has received substantial financial support from 

the DOE for the design, licensing, and siting of 

its VOYGR SMR design (U.S. DOE-NE, 2023a). 

VOYGR’s design is adapted from current LWR 

technology and is the first SMR to receive U.S. 

regulatory approval. While its technology is the 

most developed, the plant has not yet become 

operational because it has not been able to 

garner adequate buyer interest (Greenwald 

et al., 2024; Pearl, 2023). X-energy, another 

advanced reactor company, specializes in SMRs 

that use high-temperature gas as a coolant and 

tiny, solid, spherical balls—known as TRISO 

particles—as fuel (U.S. DOE-NE, 2019). It is 

currently building a demonstration reactor 

in Texas (X-energy, 2019), with more units 

planned in Washington State, recently funded 

by Amazon (De Chant, 2024). The Natrium 

demonstration reactor by TerraPower, founded 

and primarily funded by Bill Gates, started 

construction in June 2024 (Tan, 2024).

In the United States, nuclear and foreign 

policy experts argue that given the early 

Russian and Chinese domination of the 

SMR market, simply funding public-private 

partnerships and modernizing regulations are 

insufficient efforts to maintain global economic 

competitiveness and national security 

(Goodsell-SooTho & Baker, 2018). This has 

driven greater investment in next-generation 

nuclear energy, streamlined NRC review 

processes, and lowered licensing fees over the 

last five years, supported by the 2019 Nuclear 

Energy Innovation and Modernization Act, the 

2021 Bipartisan Infrastructure Law, the 2022 

Full-scale ML-1 mockup at the National Reactor 
Testing Station, Idaho. The actual reactor was tested 
nearby. (U.S. Army / Office of History, HQ, U.S. Army Corps 
of Engineers)
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Inflation Reduction Act, and the 2024 ADVANCE 

Act. SMR proponents are also encouraging the 

U.S. government to engage the International 

Atomic Energy Agency (IAEA) in developing 

global security guidelines and best practices for 

advanced reactors (Goodsell-SooTho & Baker, 

2018; Jayarajan & Piotukh, 2023).

Despite great public interest and the rapid 

development of a diverse market, there are 

still considerable risks and uncertainties with 

SMRs. Although developers promise that the 

modular, factory-based, shippable approach 

will reduce costs, this remains speculative 

until a significant number of operational 

prototypes are built. Global financing is also 

a challenge. Despite the relatively lower 

expected manufacturing cost of SMRs, the 

cost of constructing any nuclear facility is 

high, and the first several SMRs will have 

high construction costs while the industry 

learns from building them. Most multilateral 

development banks do not fund nuclear reactor 

projects (IAEA, 2024e; Lovering & Halland, 

2023), although the World Bank has recently 

lifted its longtime ban on nuclear financing 

(Bearak, 2025). In lieu of external financing, 

funding for nuclear projects must come from 

the state, which is particularly challenging 

for low- and middle-income countries who 

may seek contracts and loans for new nuclear 

energy infrastructure from banks in other 

places. Furthermore, the export of advanced 

nuclear reactor technology still raises concerns 

about weapons proliferation through the 

transfer of knowledge and spread of nuclear 

material. Enforcing export controls, ensuring 

security features, and adhering to international 

safeguards frameworks to minimize the risk 

of proliferation is complex and potentially 

costly, especially if not accounted for in the 

design stage (Cipiti et al., 2024; Kim, 2017; 

Trahan, 2025). Finally, to achieve smaller 

sizes, longer operating cycles, increased 

efficiencies, and better fuel utilization, many 

SMR designs require a special type of fuel with 

higher uranium enrichment levels. This high-

assay low-enriched uranium, or HALEU, is 

only commercially produced in Russia (WNA, 

2023). Since Russia’s invasion of Ukraine, the 

United States and other Western nations have 

been working to develop domestic HALEU 

production capabilities to end their reliance on 

Russian uranium and ensure a stable supply 

chain of fuel for SMRs (Gordon, 2024; Johnson, 

2025; WNN, 2024a; WNN; 2024c).

There is broad recognition that SMRs require a 

different regulatory approach than conventional 

nuclear reactors because they are designed and 

built differently, but these efforts are still at 

NuScale Power Module. (NuScale Power)
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A GLOBAL GLIMPSE OF ADVANCED NUCLEAR ENERGY
A partial snapshot of advanced nuclear energy projects around the world.

BUDGET OVERRUNS

The Carbon Free Power Project, a 
partnership between SMR developer 
NuScale and public utility agency Utah 
Associated Municipal Power Systems, 
was terminated in 2023 after losing 
utility subscriptions due to cost overruns 
NuScale’s SMR design is the first to be 
certified by the NRC.

SMR DESIGN OVERHAUL 

France is developing an SMR through 
NUWARD, a subsidiary of French state-
owned utility company EDF, with primary 
funding from the French government 
and aid packages from the European 
Commission. The NUWARD SMR design 
was simplified in 2024 over concerns from 
potential EU customers about meeting 
budgets and project deadlines, leaving 
its production timeline uncertain.

GHANA–US SMR PARTNERSHIP

Ghana plans to become the first African 
nation to deploy an SMR, partnering 
with U.S. nuclear tech company Regnum 
Technology Group to use NuScale’s 
VOYGR-12 SMR design. The project 
is primarily funded through the U.S. 
Department of State’s Foundational 
Infrastructure for Responsible Use of 
Small Modular Reactor Technology  
(FIRST) Programs

SMRS FOR DATA CENTERS

Amazon has committed over $500 
million to X-energy to develop its Xe-
100 SMRs, and Google has partnered 
with Kairos Power to deploy 500MW of 
SMR-generated electricity, both as part of 
a broader Big Tech goal to power energy-
intensive hyperscale data centers.

SMRS FOR PROCESS HEAT

Some industries hope to generate process 
heat and electricity for manufacturing 
using SMRs, such as chemical giant Dow 
Chemical, which received over $1 billion 
from the U.S. Department of Energy’s 
Advanced Reactor Demonstration 
Program to collaborate with X-energy to 
build Xe-100 SMRs at one of its plants  
in Texas. 

HALEU PRODUCTION 

Nuclear fuel supplier Centrus Energy 
has built the American Centrifuge 
demonstration project in Ohio, the only 
U.S. facility licensed to produce high-
assay low-enriched uranium. With Russia 
currently the sole global commercial 
supplier of HALEU for advanced reactors, 
the United States aims to reduce its 
reliance on Russian uranium fuel by 
strengthening domestic production and 
export capabilities.

AN ARGENTINIAN SMR 

The CAREM SMR, developed by the 
Argentina National Atomic Energy 
Commission with government funding, is 
the only domestically developed SMR in 
South America. Initially expected to come 
online in 2028, its operational timeline is 
uncertain due to frequent construction 
and funding delays, worker layoffs, and 
fluctuating political commitments.

Lewis, N., Sibley, T., Stubblefield, N., Redmond, M., Kleinman, M., Parthasarathy, S., & Djokić, 
D. (2025). The Reactor Around the Corner: Understanding Advanced Nuclear Energy Futures. 
Technology Assessment Project, University of Michigan. https://doi.org/10.7302/25887 
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A GLOBAL GLIMPSE OF ADVANCED NUCLEAR ENERGY
A partial snapshot of advanced nuclear energy projects around the world.

A FLOATING REACTOR

Rosatom’s Akademik Lomonosov, 
launched in 2010, is the world’s first 
floating nuclear power plant. It primarily 
supplies heat and electricity to Russia’s 
Chukotka region. More FNPPs are in 
development, with plans to support 
mining operations and offshore oil rigs in 
the Arctic.

RUSSIA’S FIRST SMR EXPORT 

Rosatom has signed its first binding SMR 
export deal with former Soviet state 
Uzbekistan to build a six-unit RITM-
200N plant, with additional Russian 
MOUs signed with Kyrgyzstan and the 
Philippines. The RITM-200N plant is 
to be primarily funded by the Uzbek 
government, with construction led  
by Rosatom.

THE FIRST COMMERCIAL GEN IV 
REACTOR

China’s Shidao Bay-1 demonstration 
reactor, a joint venture of the Chinese 
government, Tsinghua University, and the 
Huaneng Shandong Shidao Bay Nuclear 
Power Company, came online in 2023 as 
the world’s first commercially operating 
Generation IV advanced nuclear reactor. 

COAL TO SMALL NUCLEAR 

Romania plans to build a NuScale 
VOYGR-12 SMR at a former coal-
fired power plant in a joint venture 
between state-owned Nuclearelectrica 
and private energy firm Nova Power 
& Gas. Funded primarily by the U.S. 
Exim Bank with backing from Japan, 
South Korea, and the UAE, the project 
reflects Romania’s coal phase-out and 
the United States’ efforts to compete 
with Russia and China in SMR exports.

AN SMR FOR REMOTE REGIONS 
ACROSS AFRICA 

South Africa is currently the only 
African nation developing its own 
SMR design, the HTMR-100 pebble-
bed modular reactor, backed by South 
African private nuclear developer 
Stratek Global and tech consultancy 
group Koya Capital. It is marketed as 
ideal for remote regions and mining or 
desalination applications on the  
African continent.

AN SMR TO MODERNIZE INDIA

The Bharat Small Modular Reactor, a 
redesign of India’s pressurized heavy 
water reactor, is jointly being developed 
by the Bhabha Atomic Research 
Centre, the Nuclear Power Corporation 
of India Limited, and Tata Consulting 
Engineers. Tata Group subsidiaries, 
such as Tata Power and Tata Steel, aim 
to use BSMRs to decarbonize electricity 
generation and manufacturing under the 
government’s Viksit Bharat@2047 plan, 
which envisions India as a developed 
nation by the centennial anniversary of  
its independence.

A COLLABORATIVE SMR 
EXPORT

South Korea’s Nuclear Safety and 
Security Commission has approved the 
standard design of the SMART100 SMR, 
a joint project by the Korea Atomic Energy 
Research Institute, Korea Hydro & Nuclear 
Power, and Saudi Arabia’s King Abdullah 
City for Atomic and Renewable Energy, 
with plans to export it to Saudi Arabia 
and possibly broader Middle Eastern and 
Southeast Asian markets. 

CHINA’S STRATEGIC SMR 
COOPERATION

China and Thailand have signed 
an MOU on nuclear knowledge and 
technology cooperation, one of many 
such agreements through which China is 
sharing its SMR expertise internationally. 
While Thailand’s Office of Atoms for 
Peace will lead SMR development, China 
Atomic Energy Authority will support 
training, capacity building, and potential 
technology transfers.
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an early stage (Budnitz et al., 2024; White & 

Lutz, 2024). The IAEA’s Nuclear Harmonization 

and Standardization Initiative (NHSI), is trying 

to create common safety standards across 

countries to promote faster and more cost-

effective deployment of advanced reactors 

internationally (Budnitz et al., 2024; IAEA, 

2024c). However, there are national differences 

in regulating advanced nuclear reactors. In the 

United States, the NRC is developing a new rule 

to enable it to regulate novel designs (Nuclear 

Energy Innovation and Modernization Act, 

2019; U.S. NRC, 2022; White & Lutz, 2024). The 

U.S. Department of Defense, currently building 

microreactors through the Army, has the option 

to self-regulate its nuclear infrastructure but 

has not (yet) applied any non-civilian safety 

standards (Defense Innovation Unit, 2024; U.S. 

Department of the Army, 2016; King et al., 

2011). Meanwhile, the Canadian Nuclear Safety 

Commission (CNSC) and the United Kingdom’s 

Office for Nuclear Regulation (ONR) are also 

developing regulations and licensing pathways 

for advanced reactors to accommodate the 

diverse technical design attributes of SMRs. 

China, which has fast-tracked approval and 

deployment of SMRs, is using demonstration 

projects, such as the Shidao Bay Reactor, to 

inform and refine its regulatory standards for 

high-temperature advanced reactors (Xinhua 

News Agency, 2021; WNN, 2023). China has 

fast-tracked approval and deployment of 

SMRs, including offshore floating nuclear 

power platforms under its national energy 

policy (Xinhua News Agency, 2021). The 

National Nuclear Safety Administration (NNSA) 

is responsible for these regulations, but some 

worry that it is not adequately independent 

from the China Atomic Energy Authority 

(CAEA) which promotes and funds nuclear 

reactor development (WNA, 2024i; IAEA, 

2016). In newcomer countries, establishing 

the technical and regulatory infrastructure 

for SMRs—as with conventional nuclear 

power—is expected to be a long and complex 

process shaped by national political interests 

and stability, availability of relevant expertise, 

and global pressures.

In addition, governments may need to develop 

new regulations to accommodate the waste from 

SMRs which may include new byproducts and 

increased levels of radioactivity (Park & Ewing, 

2023). In some cases, nuclear energy policy and 

radioactive waste management practices may 

require the reprocessing of spent nuclear fuel, 

which in turn would require making existing 

laws and regulations more adaptive and flexible 

to advanced nuclear fuel cycles by modernizing 

radioactive waste transportation safety 

frameworks, radioactive waste classification 

systems, reprocessing-related legislation, 

and environmental regulation (Gardner, 2020; 

Krikorian, 2019; U.S. NRC, 2023a). In the 

United States, non-nuclear functions such as 

enforcing environmental and transportation 

safety standards for radioactive waste are 

overseen by multiple government agencies, 

such as the U.S. EPA and the U.S. Department 

of Transportation (DOT) (U.S. NRC, 2024).

ANALOGICAL CASE 
STUDY APPROACH
To anticipate the potential impacts of SMRs, 

we use what we call the analogical case study 

(ACS) approach, which identifies historical 

case studies of technologies similar in function 

and impact to the emerging technology and 

analyzes their social, environmental, ethical, 

equity, economic, and geopolitical implications. 

On the basis of this analysis, we produce 
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recommendations for policymakers and 

stakeholders to anticipate and minimize any 

potentially harmful impacts of the emerging 

technology (Okerlund et al., 2022).

The ACS approach to technology assessment 

is part of a growing suite of efforts that aim 

to anticipate the implications of emerging 

technologies in order to ensure that their 

development and governance are more 

responsible (Michelson, 2016). Some bring 

publics into the process, based on the idea 

that while they may lack subject matter 

expertise, they have deep 

knowledge about how 

technologies work in 

society, and particularly in 

the context of their own 

lives (Barnhill-Dilling 

et al., 2019; Bertrand 

et al., 2017; Sharma, 

2020). These methods 

also provide citizens 

with a sense of civic 

participation and may 

enhance their faith in 

institutions, particularly 

at a time of eroding 

trust in science and technology (Kleinman et 

al., 2007). Ideally, they provide publics with 

the time and support to fully understand a 

technology, consider its implications, and 

offer nuanced recommendations (Hamlett et 

al., 2013; Stirling, 2008). Other methods are 

more expert-driven. The midstream modulation 

approach brings humanists and social 

scientists who study emerging technologies 

into the laboratory to engage subject matter 

experts (e.g., nuclear energy practitioners) as 

they do their technical work and help them 

critically reflect on the social, environmental, 

ethical, equity, economic, and geopolitical 

consequences of their seemingly objective 

choices (Fisher et al., 2006). Scenario-planning 

exercises deliberately bring together a diverse 

array of participants—subject matter experts 

and other scholars as well as stakeholders—

to collaboratively imagine a new technology’s 

implications (Selin, 2011). Speculative fiction 

workshops bring artists, writers, engineers, 

scientists, and lay communities together to 

imagine how technologies might be built and 

implemented to produce more desirable futures 

(Miller et al., 2021).

The ACS method builds on scholarly 

contributions from the social sciences and 

humanities, and particularly the field of science 

and technology studies (STS), which have 

demonstrated how society shapes technology, 

down even to the most technical details, and 

how technologies have profound social and 

moral implications (Benjamin, 2019; Bijker et 

al., 1987; Parthasarathy, 2007; Winner, 1980). 

Further, these relationships can be anticipated; 

there are patterns in how societies engage 

with, and are shaped by, technologies, which 

remain relatively stable over time and within 

The ACS method builds on the social sciences 
and humanities which have demonstrated 
how society shapes technology and how 
technologies have profound social and 
moral implications. These relationships can 
be anticipated; there are patterns in how 
societies engage with, and are shaped by, 
technologies.
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a national context (Browne, 2015; Bijker et 

al., 1987; Parthasarathy, 2007). This includes 

not only how technologies affect communities 

and how they manage them, but also the 

kinds of concerns and resistance that might 

arise and solutions that might be feasible 

with emerging innovation (Nelkin, 1992). 

As Guston and Sarewitz (2002), who first 

proposed the potential utility of analogical case  

studies, argue:

“...knowledge about who has responded 

to transforming innovation in the past, 

the types of responses that they have 

used, and the avenues selected for 

pursuing those responses can be applied 

to understand connections between 

emerging areas of rapidly advancing 

science and specific patterns of societal 

response that may emerge.” (p. 101)

By deliberately considering the histories of 

analogical technologies across sectors, this 

project identifies relevant social patterns in how 

technologies develop and are implemented. It 

also allows us to identify successful social and 

policy approaches to managing technological 

harms and maximizing benefits.

Before taking on SMRs, we analyzed 
large language models (generative AI), 
vaccine hesitancy, and facial recognition 
technology in schools (Galligan et al., 
2020; Okerlund et al., 2022; Wang et 
al., 2021). Our approach brought new 
dimensions into the public and policy 
conversations about these technologies. 
This includes anticipating that facial 
recognition technologies were likely to 
increase and normalize surveillance of 
already marginalized communities and 
that generative AI was likely to increase 
the psychological and physical risks for 
workers that remain as more tasks are 
automated. And this work has had real 
impact; in 2023, New York State’s Office 
of Information Technology Services cited 
our work when recommending that 
facial recognition technology be banned 
in K-12 schools (New York State Office 
of Information and Technology Services, 
2023). By the end of the year, the state 
legislature had passed such a ban, and 
the governor had signed it.

Of course, technology assessments of nuclear 

energy are not new (IAEA, 2013; IEA, 2019; 

MIT Energy Initiative, 2018). However, 

reports about SMRs and advanced nuclear 

energy mainly focus on the technical efficacy, 

safety, and financial viability of different 

designs; market readiness and technology 

export; security and nonproliferation issues; or 

technical characterizations of novel radioactive 

wastes. Only a few explicitly engage with the 

environmental justice dimensions of advanced 

nuclear energy (Budowle & Duba, 2024; 

The ACS approach goes beyond 
the prevailing debates to allow 
for a more expansive and 
comprehensive analysis of the 
potential impacts of SMRs  
on society.
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Höffken & Ramana, 2023; National Academies 

of Sciences, Engineering, and Medicine, 2023). 

Debates about the technology tend to focus on 

arguing whether SMRs are either too cost-

prohibitive or vastly cheaper than conventional 

nuclear energy; either too cumbersome to build 

or versatile and flexibly deployable; either too 

risky, accident-prone, unreliable, and unproven 

or inherently safer by 

design; either generating 

large amounts of new 

types of radioactive waste 

or significantly reducing 

the volume and hazard of 

the waste to be managed 

(Abdulla et al., 2013; Ahn 

et al., 2024; Black et 

al, 2021; Budnitz et al., 

2018; IAEA, 2024d; Kim 

et al., 2022; Krall et al., 

2022; Lyman, 2024; NEA, 2025; Ramana & 

Mian, 2014). Such discussions are essential, 

though they may not always illuminate broader 

societal implications of the technology. The ACS 

approach goes beyond the prevailing debates to 

allow for a more expansive and comprehensive 

analysis of the potential impacts of SMRs  

on society.

THE ACS PROCESS
The ACS process begins by assembling a team 

composed of senior researchers and students 

with varied expertise. All of the senior 

researchers on this project have PhDs but 

varied technical and social science expertise. 

The students ranged from undergraduates 

to PhD candidates and represented expertise 

in public policy, political science, nuclear 

engineering, climate science, and materials 

science and engineering. The work began 

with familiarizing student researchers with 

the methodology and key STS ideas about the 

social construction of technology, responsible 

research and innovation, the politics of 

expertise, and feminist approaches to science 

and technology (Haraway, 1988; Haraway, 

1984; Keller, 1982; Kline & Pinch, 1996; 

Moran-Thomas, 2020; Parthasarathy, 2010; 

Winner, 1980; Wynne, 1992). Students also read 

humanities and social science literature focused 

on nuclear themes, including how nuclear 

technology is developed and implemented in 

different national government structures and  

(geo)political regimes (Haines, 2020; Hamblin, 

2021; Hecht, 1998); how reactors are designed, 

risk is managed, and regulatory frameworks 

are constructed differently in various national 

contexts (Hecht, 1998; Schmid, 2021); and how 

rhetorical and discursive tools are wielded as a 

reflection and reinforcement of societal values 

(Cohn, 1987; Endres, 2009; Hamblin, 2012). 

We also collectively read speculative fiction to 

encourage divergent, creative thinking about 

how advanced nuclear reactors could develop 

and the kinds of social worlds it might create 

(Chiang, 2019; Robinson, 2020). We made a 

deliberate effort to foster an atmosphere of 

open-endedness and mutual learning.

The stories that these analogical cases 
tell us, analyzed in the context of nuclear 
power’s history and promises today, enable 
us to identify enduring social patterns that 
are likely to emerge in the development and 
deployment of advanced nuclear reactors. 
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The first research task was to develop a 

comprehensive understanding of the national 

and international landscape of advanced nuclear 

energy, including the primary innovators and 

advocates, the regulatory environment, and 

emergent concerns, particularly given the 

historical controversies over nuclear power. We 

relied on the research team’s expertise; media 

articles and op-eds; scholarly publications; 

reports from governments, think tanks, and 

the private sector; our own analyses of relevant 

laws and policies; documentaries; and external 

subject-matter experts.

We then began our analogical case study 

analysis. As with previous projects, we 

identified two types of analogs. Type 1 cases 

are technologies with similar functions, while 

Type 2 cases are interventions that have had 

similar potential impacts to those projected for 

the emerging technology. Energy technologies 

like electric vehicles are one example of a 

Type 1 analog. But so too are Borlaug Wheat 

(developed to alleviate hunger) and vaccines 

(developed in response to the COVID-19 

pandemic, for example), which were built in 

response to perceived crises—as SMRs are 

being built today in response to the climate 

and energy crisis.

For Type 2 cases, the most obvious analogs 

come from the history of nuclear energy, with 

accidents like Chernobyl, Fukushima, or Three 

Mile Island or waste conundrums like Yucca 

Mountain. But we deliberately did not begin 

there. Not only are these cases well tread, but 

we were eager to understand what the history 

of technology could tell us about the future of 

SMRs. This broad approach was also useful for 

developing a nuanced understanding of whether 

there were decision points that could have 

produced different outcomes and ultimately 

for identifying solutions to anticipated negative 

impacts. We began instead with Type 2 cases 

like the Boeing 737 Max, whose multiple 

catastrophic crashes resembled the potential 

for nuclear power plant accidents. This case 

taught us that industry self-regulation and 

multiple forms of regulatory capture in the 

aviation industry reoriented safety to maintain 

and increase company profits, which in turn 

Advertisement for the Aetna Dynamite Company, circa 
1895. (Edward Penfield / Library of Congress)
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minimized attention to new risks produced by 

the new aircraft system.

Our case studies are based primarily on 

secondary data. We began each by searching 

for published analyses of the development, 

implementation, and implications of the 

analogical technology, particularly from the 

historical, STS, and social science literatures. 

In some cases, we supplemented this work 

by investigating archived news sources and 

informally interviewing subject matter experts 

as appropriate.

Our process was iterative and divergent. As we 

worked, we identified new potential impacts 

and cases. For example, our early work on 

lithium mining, Borlaug wheat, and vaccines 

highlighted how technology is often a mediator 

in geopolitical relationships. This led us to the 

Nord Stream 2 gas pipeline, which exemplified 

the challenge of depending on Russia—a major 

player in the SMR industry—for access to 

essential resources. Studying this case taught 

us how war has far-reaching effects on national 

and regional energy policy, and perhaps less 

obviously, how political relationships and 

capture of political actors initially created this 

resource dependence.

In sum, the approximately 40 case studies 

vary across sectors and take place across the 

world. They include large-scale infrastructure 

projects, including Dutch water governance 

boards and the Dakota Access Pipeline, to small 

domestic technologies such as cookstoves. 

They also include both contemporary cases 

like carbon capture and storage, littoral combat 

ships, and ATMs, and historical cases like 

dynamite, whale oil, and railroad track gauges.

The stories that these analogical cases tell us, 

analyzed in the context of nuclear power’s 

history and promises today, enable us to 

identify enduring social patterns that are 

likely to emerge in the development and 

deployment of advanced nuclear reactors. We 

have organized the report according to these 

patterns and anticipated implications and 

conclude with recommendations to steer the 

technology towards the public interest. Overall, 

our analysis aims to help policymakers, the 

private sector, and others interested in the 

promise of advanced nuclear reactors, as 

well as academic researchers around the 

world, anticipate the implications of the new 

technology to make informed and responsible 

decisions about its design and implementation.
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KEY TAKEAWAYS:

	z Nuclear states will leverage SMR technology and infrastructure to advance their global 
political, economic, and military goals.

	z SMR development will enable neocolonial relationships and deepen dependencies across the 
nuclear fuel cycle.

	z States that receive SMR imports will struggle to integrate the technology into local contexts 
to attain significant domestic and local benefits.

Chapter 2: Entrenching 
Global Disparities 

Global interest in small modular reactors (SMR) 

is increasing as nations interested in nuclear 

energy evaluate their options for stable and 

low-carbon energy (IAEA, 2025). Although 

SMRs may become a vehicle for global nuclear 

technical cooperation, our case research 

indicates that SMRs will exacerbate current 

international power imbalances. Nations 

potentially receiving SMR technology hope 

to attain energy security and independence; 

however, SMRs are likely to become tools of 

geopolitical competition between powerful 

nations, who will use SMRs to exert their 

political, economic, and military influence in 

the name of exporting low-carbon, reliable, 

and affordable energy technology. Through 

international SMR contracts and agreements, 

states with significant nuclear-related 

resources—including uranium deposits, 

skills and expertise, a large workforce, 

manufacturing capabilities, and access to 

infrastructure financing—can generate 

economic and political dependencies in, secure 

strategic alliances with, and gain leverage over, 

receiving nations. Promises of local benefits for 

these nations are unlikely to be fulfilled due 

to incomplete and inequitable integration of 

infrastructure into local context and external 

control over key resources such as uranium 

fuel. The supply chain needed to support SMR 

development and operation will also contribute 

to perpetuating geopolitical dependencies and 

global inequalities. SMRs and their supply chain 

will become geopolitical tools for reinforcing 

and remaking global power through political, 

technological, and economic means.

As discussed in the Introduction, post-war 

concerns about the dual-use potential of 

nuclear materials and knowledge—both for 

military and peaceful purposes—led to a global 

effort of international cooperation to curb the 

proliferation of nuclear weapons (Rauf, 2016; 

Treaty on the Non-Proliferation of Nuclear 

I M P L I C A T I O N S
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Weapons, 1970). The expansion of SMRs 

makes robust global governance frameworks 

even more essential to prevent the misuse of 

nuclear technology for producing weapons. 

However, this chapter does not address the 

dual-use issue—though advanced reactors do 

introduce new challenges for safeguardability 

of novel nuclear facilities (Jayarajan & Piotukh, 

2023; Mayhew, 2024). We also do not explore 

here the use of nuclear energy technology in 

a military context, such as naval propulsion 

or military microreactors. Rather, this chapter 

examines the international dimensions and 

geopolitical implications of the development 

of commercial SMR infrastructure.

SMRS WILL BE USED 
TO ADVANCE GLOBAL 
POLITICAL, ECONOMIC, 
AND MILITARY GOALS
Nations like the United States, Russia, and China 

seek to export domestic SMR technology, and by 

extension, expand their political and economic 

sphere of influence (Tirone, 2023). Countries 

targeted for SMR imports often cannot support 

their own nuclear development, and will be 

dependent on SMR developers and countries 

with significant nuclear expertise if they wish 

to establish domestic nuclear infrastructure 

(Dewan et al., 2024; Igoe, 2025). Take Russian 

SMR exports to Turkey—

despite Russia’s invasion 

of Ukraine in 2022 and 

subsequent international 

sanctions, Turkey has 

remained committed 

to hosting a nuclear 

power plant that will be 

built, financed, and fully 

operated by the Russian state-owned nuclear 

energy corporation, Rosatom (Sebastian, 2023; 

Wallace et al., 2025). Several countries, including 

Thailand, Jordan, and Morocco, have expressed 

interest in Chinese SMRs (Liu & Fan, 2023). 

China has already exported traditional nuclear 

reactors as part of its “Belt and Road Initiative” 

to foster Chinese-led infrastructure and trade 

around the globe, with pending projects in 

places such as Argentina, and finished reactors 

in Pakistan (Kim, 2023). Similar to Rosatom, 

the China National Nuclear Corporation (CNNC) 

can leverage its national nuclear industrial 

supply chain to provide interested countries 

with a complete financing, construction, and 

operation package (Liu & Fan, 2023). The 

United States lags behind Russia and China in 

SMR exports, but has courted potential projects 

in Poland, Romania, Ghana, and South Africa 

(EXIM, 2023; Luongo, 2024). Countries that 

export nuclear energy technology are likely to 

leverage SMR technical cooperation as a means 

of reinforcing or expanding their geopolitical 

influence and bolstering nationalistic agendas.

Expanding the dominance of 
powerful nations
Our case studies show that powerful nations 

will leverage energy infrastructure, knowledge, 

and resources as geopolitical tools for 

international political, economic, and military 

Countries that export nuclear energy 
technology are likely to leverage SMR 
technical cooperation as a means of 
reinforcing or expanding their geopolitical 
influence and bolstering nationalistic agendas.
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objectives. Consider the construction of the 

Nord Stream 2 pipeline, which aimed to both 

deepen Europe’s reliance on Russian gas and 

strategically weaken Ukraine (Schmitt, 2021). 

From 2018 to 2021, Russian state-controlled 

energy agency Gazprom, its subsidiary Nord 

Stream, and a coalition of European energy 

agencies financed the construction of the 

Nord Stream 2 pipeline, which is owned by 

Gazprom (Offshore Technology, 2024). The 

pipeline, a pair of parallel pipes, was built to 

ferry natural gas from Russia to Germany via 

a 1200 kilometer path under the Baltic Sea. 

The pipeline offered unambiguous strategic 

advantages for Russia. First, Nord Stream 2’s 

annual transport capacity is 55 billion cubic 

meters, enough fuel to power 26 million 

households. Together with Nord Stream 1, 

another pair of offshore pipelines also owned 

by Gazprom, Russia could export one third of 

Europe’s projected natural gas needs for the 

next two decades (Offshore Technology, 2024), 

entrenching Europe in long-term reliance 

on Russian energy exports. Russia sought to 

leverage the Nord Stream 2 pipeline to bypass 

and weaken Ukraine—a strategic interest of 

Russia’s (Lang & Westphal, 2017). Historically, 

most Russian gas exports to Europe have 

traveled through Ukraine, providing Ukraine 

substantial revenue via transit fees. The 

combined capacity of Nord Stream 1, Nord 

Stream 2, and Russia’s TurkStream pipeline 

under the Black Sea gave Russia the option 

to circumvent Ukraine entirely, thereby 

eliminating Russia’s dependence on its 

neighbor to sell its gas on the European market 

(Bugayova & Kagan, 2021). Shortly after the 

completion of Nord Stream 2 in 2021, Russia 

turned its energy infrastructure into a tool of 

geopolitical coercion by threatening Ukraine 

that it would cease all gas transport through the 

country if it did not demonstrate “good will” 

by stopping military activity in the country’s 

Donbas region, an area historically contested 

by pro-Russian separatists (Rettman, 2021). 

The following year, Russia invaded Ukraine, 

confirming its intentions to weaken, control, 

and annex its neighbor (Masters, 2023).

Powerful states are also likely to use technology 

to control territory and expand their regional 

and global influence. In doing so, they may 

exploit foreign workforces and expose them to 

risky conditions to gain geopolitical advantages. 

The use of dynamite to build the Panama Canal 

exemplifies this dynamic. When construction 

began in 1904, the U.S. sought to cement itself 

as a rising world power by gaining control of 

this strategic trade juncture connecting the 

Pacific and Atlantic Oceans (van Wagtendonk, 

2014). After securing control of the Philippines, 

Cuba, and Puerto Rico following the Spanish-

American War, the U.S. also hoped to link 

these Atlantic and Pacific economies more 

seamlessly (van Wagtendonk, 2014). At the 

same time, local workers suffered from brutal 

and deadly conditions while constructing the 

canal (Containerlift, 2023). To clear land for 

Blasting in the Culebra Cut, Panama Canal Zone. 
(Thiopene Guy / Flickr)
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the project, workers used 61 million pounds, 

or almost 30 thousand tons, of dynamite, 

with almost half of all canal labor employed 

in work dealing with dynamite (EHS Today, 

2001). While white personnel from the United 

States managed the project, most laborers 

were from Jamaica, Barbados, or Panama, and 

subject to strict racial segregation under U.S. 

management (Colby, n.d.; Lieffers, 2018). These 

laborers typically worked the most dangerous 

jobs, and accidents occurred frequently, such 

as one instance when a package of dynamite 

exploded prematurely, killing 26 workers and 

wounding 49 others (Bemis & Bagué, n.d.). 

Current estimates put the canal construction 

death toll at 5,609, though many historians 

believe it to be higher (Lieffers, 2018). The 

Panama Canal solidified the U.S. as an ambitious 

“international police power” in the region, a 

position which the U.S. used to justify military 

interventions and occupations in places such as 

the Dominican Republic, Haiti, and Nicaragua 

in years to come (Colby, n.d.). Dynamite was 

pivotal in facilitating not just canal construction, 

but a consolidation of global and regional power 

to the United States, at the cost of the safety and 

wellbeing of non-U.S. laborers.

Prioritizing national over 
collective interest
The energy industry has historically shown 

itself to be vulnerable to the political and 

economic interests of global powers. The 18th 

and 19th century whale oil industry reveals 

this dynamic well. American whalers living in 

Nantucket, strategically located on the coast 

of the Atlantic Ocean, dominated the whaling 

industry and possessed great whaling expertise 

across generations (Andreasson & Ruback, 

2021). Much of the whale oil harvested by these 

whalers was exported to England for use in 

London’s street lamps, which sought to limit 

crime at night by illuminating the city (Graham, 

1935). On the eve of the American Revolution, 

British politicians decided to disqualify 

Nantucket’s whalers from the Restraining Act 

of 1775, legislation that aimed to limit trade 

between the New England colonies and other 

countries, and initially included a clause that 

would prohibit colonists from carrying out 

any whaling activities (Graham, 1935). The 

politicians decided against the clause, fearing 

that the American oil and whaling expertise 

they sought would fall into the hands of 

France (Graham, 1935). Yet England’s power 

calculus changed after its defeat in the 

American Revolutionary War. To protect its 

domestic whaling industry, which was framed 

as a resource integral to suppressing crime 

because of its role in lighting city streets, 

England decided to impose heavy tariffs on 

American whale oil, a move which essentially 

immobilized a Nantucket whaling industry 

already weakened by the war (Graham, 1935). 

A whale being speared with harpoons by fishermen 
in the Arctic sea. Engraving by A. M. Fournier after E. 
Traviès. (Wellcome Collection)
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The experience of the Nantucket whalers stands 

as a clear example of global powers wreaking 

havoc on energy markets for geopolitical and 

economic interests.

Countries may also use technologies to advance 

nationalistic goals, circumventing efforts for 

international cooperation to address global 

challenges. The international response to the 

COVID-19 pandemic in 2020 and its subsequent 

vaccine rollout is a telling example of states 

exploiting technologies—especially emerging 

technologies being rapidly developed in 

response to a global crisis—to prioritize 

national interests over the global collective 

good. International institutions attempted to 

implement a globally coordinated movement to 

suppress the spread of COVID-19. The World 

Health Organization (WHO), the private-public 

global health partnership Gavi, and the Coalition 

for Epidemic Preparedness (CEPI), created 

COVAX, a global procurement strategy designed 

to fund vaccine development and equitably 

distribute vaccines. The COVAX model relied 

on cooperation and buy-in from high-income 

countries (HIC). The model necessitated that 

HICs buy their vaccines through COVAX, which 

would first provide much-needed revenue for 

the non-profit organization to accomplish 

its mission, and second, prevent bilateral 

agreements between HICs and manufacturers 

that could disproportionately concentrate 

vaccine supplies in wealthy countries (Usher, 

2021). However, most states did not cooperate 

with COVAX. Instead, over three dozen HICs, in 

pursuit of national and commercial interests, 

circumvented COVAX and made bilateral deals 

with manufacturers to prioritize vaccinating 

their populations first—a widespread display 

of vaccine nationalism (Bollyky & Brown, 2020; 

Khan, 2021; de Bengy Puyvallee & Storeng, 2022; 

Usher, 2021). As a result, HICs hoarded vaccine 

supplies within their countries, and COVAX did 

not have enough vaccines to distribute to low- 

and middle-income countries.

The above cases suggest that SMRs could 

be leveraged for geopolitical interests, with 

strategic SMR exports expanding the scope of 

influence for powerful nations at the expense 

of importing countries. SMRs will be used 

to prioritize national interests, increasing 

the wealth, political influence, and technical 

capabilities of powerful states, thus cementing 

global power imbalances. International 

SMRs will be used to prioritize 
national interests, increasing the 
wealth, political influence, and 
technical capabilities of powerful 
states, thus cementing global 
power imbalances.

A nurse prepares a vaccine as COVID-19 vaccinations 
begin in Ghana under the COVAX rollout. (World 
Health Organization - Blink Media - Nana Kofi Acquah / 
Wikimedia Commons)
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cooperation to achieve collective goals, such 

as climate change mitigation or geopolitical 

stability, will be eclipsed by bilateral 

agreements bolstering domestic priorities or 

even nationalistic goals.

SMRS WILL ENABLE 
NEOCOLONIAL 
RELATIONSHIPS
SMRs will likely reinforce existing patterns of 

neocolonialism and create new avenues for the 

indirect control of low-income countries by 

other powerful states or 

transnational companies 

(Halperin, n.d.). This 

indirect control is 

largely enacted through 

economic or political 

means, and often makes 

use of past colonial 

relationships to continue 

the dependence and 

subjugation of former 

colonies (Halperin, 

n.d.). Global transfers of technology have 

played a significant role in maintaining these 

power structures, as wealthy global powers 

have better access to technologies, and thus 

broader control over where, when, and how 

they are disseminated (Lewis, 2022; Wu, 2020). 

Technology transfers as forms of international 

development reinforce technocolonialism, 

or the use of technology development and 

distribution to entrench prevailing systems of 

power (Hauser & Nakib, 2024; Madianou, 2025). 

Though advanced nuclear energy supporters 

claim that SMRs have the potential to expand 

global energy access and give states without 

the resources for large, traditional nuclear 

plants a new avenue for low-carbon energy 

generation, SMR research and development is 

currently dominated by global powers—mainly 

the US, China, and Russia (Dewan et al., 2024; 

Nakhle, 2022). By establishing relationships 

to export SMR technology and facilitate access 

to uranium resources, these powers will likely 

use their influence to expand their spheres 

of control and pursue broader political and 

economic objectives. Competition among these 

three states remains high, and each is likely 

to view SMRs as a valuable tool for extending 

systems of dependence and influence in the 

pursuit of global dominance.

Deepening dependencies 
through international 
development and cooperation
Global powers will likely present SMR export 

initiatives as international development and 

cooperation, but, in doing so, they will create 

and reinforce dependencies. Powerful nations 

may also use technology transfers to gain access 

to another state’s natural resources, expanding 

extractive industries and reinforcing patterns 

of global economic dependence. The Coca 

Codo Sinclair Dam in the Ecuadorian Amazon 

was promoted as a symbol of international 

cooperation and independence from Western 

By establishing relationships to export SMR 
technology and facilitate access to uranium 
resources, these powers will likely use  
their influence to expand their spheres of 
control and pursue broader political and 
economic objectives. 
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influence. Ecuador commissioned the dam 

and China built and financed the project. This 

international partnership was aligned with 

Ecuador’s vision of eliminating its reliance 

on the United States and international 

institutions, modernizing the country’s energy 

infrastructure, and reducing its dependence 

on fossil fuels (Teijlingen & Hidalgo-Bastidas, 

2022; Yu, 2023). Meanwhile, China likely 

sought to expand its zone of influence in Latin 

America’s trade and investment sectors (Casey 

& Krauss, 2018). However, while it supported 

the social policy agendas of the time, the project 

ultimately replaced Ecuador’s dependence on 

Western investment with reliance on a different 

foreign partner (Ganchev, 2020). When elected 

President of Ecuador in 2007, Rafael Correa 

moved swiftly to sever his country’s ties to 

international financing institutions, the World 

Bank and the International Monetary Fund, 

which had dictated the country’s economic 

policy in the 1980s and 1990s (Garzon & Castro, 

2018; Teijlingen & Hidalgo-Bastidas, 2022). In 

their place, China became Ecuador’s largest 

lender. Leaders of both countries promoted 

this new Ecuador-China relationship as a more 

equal “South-South cooperation” in contrast to 

Ecuador’s former reliance on the “imperialist 

North” (Teijlingen & Hidalgo-Bastidas, 2022). 

In China, Ecuador saw the promise of equitable 

knowledge and technology transfer that could 

help its economic transition and advance its 

global standing. However, through multiple 

Chinese investments in the country, Ecuador is 

now reliant on Chinese goods, knowledge, and 

services with little ability to convert Chinese 

expertise into domestic capacity. Through loans 

from its Export-Import Bank, China funded 

85% of the costs for the Coca Codo Sinclair 

dam, Ecuador’s largest infrastructure and 

energy project (Teijlingen & Hidalgo-Bastidas, 

2022; Radomski, 2024a). China provided its 

loans on the condition that Ecuador use Chinese 

state-owned company Sinohydro, its labor, and 

its supplies to construct the dam (Garzon & 

Castro, 2018). In essence, this was a turnkey 

project, where Sinohydro ran the planning, 

construction, and operation of the dam until 

the project would have been turned over to 

Ecuador (Teijlingen & Hidalgo-Bastidas, 2022). 

Yet, since the dam’s inauguration in 2016, 

technical issues like fissures in the powerhouse 

pipes and malfunctioning sediment-removal 

equipment have prevented Sinohydro’s transfer 

of ownership (Radomski, 2024a; Radomski, 

2024b). The two nations recently negotiated 

an agreement which places PowerChina, the 

parent company of Sinohydro, in charge of 

operation and maintenance, raising concerns 

about transparency and undermining the goal 

of energy sovereignty by handing control of 

the country’s largest energy infrastructure to 

a foreign power (Panchana, 2025; Radomski, 

2024a; Radomski, 2024b; Reuters, 2025). 

Furthermore, most of Ecuador’s debt to 

China is set to be repaid through direct crude 

oil shipments, which keeps roughly 80% 

of Ecuador’s total oil exports across all its 

investment projects in the country (Casey 

& Krauss, 2018; Pelcastre, 2024). China also 

receives this oil at a discount, meaning that 

it could sell it for an additional profit (Casey 

& Krauss, 2018). The pressure to repay China 

through these oil loans is one factor driving 

petroleum drilling efforts deeper into the 

Ecuadorian Amazon, which has contributed 

to more deforestation and land degradation in 

the rainforest (Casey & Krauss, 2018). Rather 

than fostering international development and 

mutually beneficial cooperation, Ecuador’s 

relationship with China has resulted in an 

asymmetric relationship of dependency. 
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Ecuador remains reliant on not just Chinese 

investment and knowledge, but also its own 

extractive and environmentally harmful oil 

industry to produce domestic revenue. 

As they have done for other large-scale 

infrastructure projects, state-owned Chinese 

banks have offered generous loans for the 

expensive up-front costs of nuclear energy 

projects (Kim, 2023). If countries cannot 

repay these loans, China may rely on “debt-

for-equity swaps,” in which the Chinese 

government will seize control of strategic 

assets (such as mines and ports) in return 

for debt cancellation (Kim, 2023). China is 

not the only nation to employ debt swapping, 

and such programs create a potential route for 

SMR exporters (and other global developers) 

to translate SMR infrastructure into political 

and economic leverage and neocolonial 

brokering (Blackwell & Nocera, 1989; Kim, 

2023). Countries soliciting SMR infrastructure 

assistance and imports from nuclear states may 

find themselves in predatory loan situations 

that render their infrastructure and resources 

vulnerable to foreign exploitation and seizure.

Reinforcing global inequities
Neocolonial relationships can also reflect 

global asymmetries of knowledge, positioning 

Western institutions as the purveyor of 

technical solutions and other countries as 

passive recipients (Hauser & Nakib, 2024). 

Improved cookstove (ICS) initiatives have 

often demonstrated an attitude of techno-

saviorism—the assumption that Western 

technological solutions are needed to “save” 

other countries from complex social, political, 

and economic problems (Abdelnour, 2015). The 

Western research organizations, universities, 

and non-governmental organizations (NGOs) 

that have developed ICS initiatives frame 

them as crucial tools 

for addressing indoor 

air pollution, inefficient 

food preparation, and 

deforestation. ICS promoters 

have even claimed that 

better cookstoves reduce 

sexual violence experienced 

by women gathering 

biomass fuels for traditional 

stoves—an unsupported, harmful narrative 

that ignores the complexities of gender violence 

and silences the voices of the people they claim 

to champion (Abdelnour, 2015; Abdelnour & 

Saeed, 2014). Despite this view of ICS as a 

multi-pronged panacea for complex problems 

abroad, these cookstoves have rarely addressed 

intended problems or seen long-term uptake 

in target communities (Khandelwal et al., 

2017). ICS technology is based on Western 

characterizations of other societies and their 

perceived issues, often failing to account for 

local lived experiences, cultural values, and 

perspectives on how problems can be best 

addressed on the ground (Asabere-Ameyaw 

Countries soliciting SMR infrastructure 
assistance and imports from nuclear states 
may find themselves in predatory loan 
situations that render their infrastructure and 
resources vulnerable to foreign exploitation 
and seizure.
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et al., 2014; Khandelwal et al., 2017; Maré & 

M’rithaa, 2018). In India, for example, cookstove 

initiatives developed by UN agencies like the 

World Health Organization have overlooked 

the cultural importance of traditional Indian 

cookstoves and priorities of rural women—the 

most likely users of cookstoves—who often 

don’t hold the same vision of a “better life” 

as international developers (Khandelwal et al., 

2017). Context-insensitive 

ICS technology represents 

an imposition of external 

knowledge on recipient 

countries and communities, 

with often non-functional 

or even harmful effects. 

Meanwhile, wealthier, 

non-local institutions 

receive the majority of 

resources and prestige, 

reinforcing the dominance 

of Western knowledge 

systems (Eichhorn, 2020; 

Hauser & Nakib, 2024). SMR and microreactor 

technology transfer, often framed as saving 

low-income countries from energy poverty 

and lack of energy access, is likely to have a 

similar impact. As we discuss in Chapter 4, 

tech-solutionism will ignore local knowledge 

systems and silence the voices of the most 

affected by the complex problems that, 

paradoxically, technology claims to fix but 

that deep local knowledge is best equipped  

to address.

To support energy transitions, countries 

and transnational companies will promote 

extractive economies along historical colonial 

relationships, as well as promote new 

relationships that emulate colonial power 

dynamics. Wealthier nations are shifting 

environmental and health burdens to lower-

income countries in the name of a green 

energy transition (Bringel & Svampa, 2024). 

Lithium mining in Latin America for electric 

vehicle batteries is one such salient example. 

The European Union’s (EU) plan to phase 

out internal combustion engines by 2035 

necessitates an ambitious lithium extraction 

schedule, yet it is extremely costly and time 

consuming to permit mines in Europe because 

the social and environmental costs of mining 

are translated into stringent regulations 

(DePotter, 2023). Instead, Europe exports those 

burdens to low- and middle-income countries, 

particularly the “lithium triangle,” a region 

covering parts of Bolivia, Argentina, and Chile 

that contains half of the world’s lithium supply 

(Sanchez-Lopez, 2023; Giglio, 2021; Pacheco, 

2024). Europe is not alone; other countries with 

growing electric vehicle markets, like China and 

the United States, wield influence over these 

global supply chains and concentrate resource 

extraction in the triangle (Bringel & Svampa, 

2024). Some of these lithium-rich countries 

have forged relationships with nations who 

wish to expand their lithium ion battery and 

electric vehicle production, seeking to form 

SMR and microreactor technology transfer, 
often framed as saving low-income countries 
from energy poverty and lack of energy 
access, is likely to have a similar impact. 
Tech-solutionism will ignore local knowledge 
systems and silence the voices of the most 
affected by the complex problems that, 
paradoxically, technology claims to fix but that 
deep local knowledge is best equipped  
to address.
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joint ventures with transnational mining 

companies (Ahmad, 2020). Mining corporations 

benefit greatly from these relationships, 

reaping a large share of the profits of lithium 

extraction. Some triangle country leaders have 

expressed hope to translate domestic lithium 

ownership and mining into industrial benefits 

at home, but how raw materials will provide 

equal or similar benefits as processed industrial 

products such as EVs remains unclear, even 

as mining risks and environmental burdens 

are profoundly impacting rural and Indigenous 

groups—populations who do not have access 

to electric vehicles (Barandiarán, 2019; 

Giglio, 2021; Jerez et al., 2021). In 2023, Chile 

announced it would nationalize its lithium 

industry to boost its economy, protect its 

environment, and redistribute wealth (Villegas 

& Scheyder, 2023). In most cases, however, 

wealthy mining corporations keep most of 

the financial rewards of lithium mining, 

while Indigenous populations receive few 

benefits and bear the majority of the industry’s 

environmental risks (Aylwin, 2025). Mining 

also poses great environmental and health 

risks for local and Indigenous populations, who 

have faced widespread droughts resulting from 

water-intensive lithium mining, negatively 

impacting local agriculture and quality of 

life (Greenfield, 2022). As foreign states and 

multinational corporations transform these 

national economies, they uphold harmful 

extractive industries and fail to distribute 

technological benefits to triangle countries, 

reinforcing global inequities and neocolonial 

dependencies, establishing hierarchical 

relationships whereby one society is made to 

work for another (Andreucci et al., 2023).

The nuclear industry has historically mined 

uranium through traditional colonial 

dependencies. During World War II, the United 

States secured uranium for its Manhattan 

Project from the Belgian Congo and former 

Dutch colony South Africa (Atomic Heritage 

Foundation, 2018; Winde et al, 2017). Between 

1942 and 1980, most uranium for French, 

British, and American reactors came from 

both former and current Western colonies 

(Hecht, 2004). And by 1980, Africa had 

become the largest uranium supplier due to 

the legacy of colonial relationships: the UK’s 

Commonwealth, France’s African colonies, 

and South Africa’s control in Namibia (Hecht, 

2004; Hecht, 2012; Winde et al., 2017). Though 

these states have since achieved independence, 

former colonizing powers are still using them 

to supply their uranium through neocolonial 

control. While much of the world’s uranium 

is found in Canada, Russia, Central Asia, and 

Australia, uranium extraction has been shifting 

increasingly to Africa. Nuclear states generally 

have more regulatory and bureaucratic hurdles 

Energy efficient stove (Berkeley Darfur Stove) being 
used with both charcoal and firewood in Lobule 
Refugee Settlement, West Nile Uganda. (Laura 
Toledano / Wikimedia Commons)
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at home than exist in many African countries 

(Conde & Kallis, 2012). Malawi, Mozambique, 

and South Africa all provide uranium to Russia. 

China sources uranium from Zimbabwe and 

Namibia, France from its former colony Niger, 

and the UK from Namibia and South Africa 

(Becker et al., 2020; Nylander, 2020). With 

expanding SMR development, global powers 

will likely seek to increasingly rely on these 

colonial pasts and cultivate new extractive 

relationships.

Encouraging waste colonialism
Additionally, high-income countries (HICs) 

will exploit neocolonial dependencies to shift 

the risks and waste of a technology elsewhere, 

with significant environmental impacts, as 

discussed in Chapter 5. During the COVID-19 

pandemic, high-income countries such as the 

United States, the United Kingdom, and Canada 

had the resources to make direct bilateral 

agreements with vaccine manufacturers, 

ensuring a stable and excess supply of vaccines 

(Gonsalves & Yamey, 2021; Hassan et al., 

2021). Many of these countries purchased 

huge surpluses, emptying manufacturers’ 

stockpiles and precluding a coordinated 

international effort to equitably distribute 

vaccine supplies (Usher, 2021). Without the 

availability of supplies or the financial means 

to outbid HICs, low-income countries had to 

rely on vaccine donations. These donations 

came from HIC hoarded stockpiles of vaccines 

so big that many doses went unused past their 

shelf life. Beneficiary countries turned down 15 

million expired vaccine donations from the EU 

in October and November 2021, and the United 

Nations Children’s Fund, an intermediary that 

distributed donations, received over 100 million 

of nearly-expired vaccines at the end of 2021 

(Cavince, 2022). This vaccine donation stream 

created a significant problem for countries in 

Africa. In October 2021, Nigeria accepted 2.6 

million vaccine donations, yet nearly half were 

almost expired and thus unusable (Barnéoud, 

2022). Nigeria, with no other options, had to 

dispose of other states’ vaccine waste. Over one 

million doses were bulldozed into a large pit and 

buried just outside of the capital, Abuja, posing 

a risk of soil and groundwater contamination 

(Barnéoud, 2022). Affected African countries 

had to invest limited resources into vaccine 

waste treatment plants instead of focusing on 

vaccine acquisition (Cavince, 2022).

The case mirrors the growing electronic 

waste, or e-waste, problem in Malaysia—

an example of the growing phenomenon 

of “waste colonialism” (Michaelson, 2021; 

Sangaralingam, 2024). The country has become 

the dumping ground for a multi-billion dollar 

illegal e-waste ring, which uses the waste from 

electronics to collect valuable metals such as 

copper and gold and resell them (Priyashantha 

et al., 2022). As mentioned in Chapter 5, much 

of these illegal imports of e-waste come from 

Western countries, particularly from ports in 

Los Angeles, and have become a major burden 

for Malaysia (Palansamy, 2025). E-waste can 

release toxic substances and heavy metals 

into soil and drinking water if not disposed 

of properly (Palansamy, 2025). The large 

amounts of waste shipped to Malaysia from 

other countries has made waste management 

untenable, and forced municipalities to divert 

many taxpayer dollars toward environmental 

clean-up efforts (Palansamy, 2025). Global 

electronic consumption continues to increase 

with each passing year, and countries like 

Malaysia pay the price of this technological 

waste, struggling with public health and 
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environmental crises as a result (Priyashantha 

et al., 2022).

While international nuclear technology 

transfers generally expect receiving countries 

to articulate a plan for managing radioactive 

wastes, they are not required to have all the 

necessary infrastructure or national policy in 

place (IAEA, 2024b). Additionally, novel waste 

types generated by advanced reactors introduce 

new technical and regulatory challenges 

(Cothron & Koshgarian, 2024). Thus, nations 

without adequate frameworks for safe spent fuel 

storage and disposal or uranium mining waste 

management could introduce risks of negative 

health and environmental consequences, often 

impacting the most vulnerable, as discussed 

in Chapter 5. International frameworks that 

promote safe radioactive waste management, 

like the Joint Convention on the Safety of 

Spent Fuel Management and on the Safety of 

Radioactive Waste Management or bilateral 

spent fuel takeback clauses in reactor export 

agreements (Bunn, 2001; IAEA, 2024b), are 

important commitments for responsible 

waste handling. However, they do not 

guarantee that nations will adhere to those 

frameworks or that countries and communities 

will not be shouldered with waste burdens 

they did not consent to 

(France-Presse, 2015; 

International Panel on 

Fissile Materials, 2011). 

The implementation 

of safe spent fuel 

and mining waste 

management strategies 

varies globally, and 

long-term stewardship 

challenges remain.

Our cases demonstrate that SMRs will both 

enable neocolonial relationships under the 

banner of global cooperation and technological 

development. Leveraging the reliance on 

foreign expertise, funding, and infrastructure, 

new or existing avenues of geopolitical control 

will be created or reinforced. Nations with 

uranium resources needed to fuel SMRs will 

also be vulnerable to neocolonial dependencies, 

as powerful nuclear nations pursue expanded 

pathways for uranium extraction, threatening 

environments and labor protections instead 

of guaranteeing safety and economic benefits. 

Spent nuclear fuel and uranium mining waste 

could disproportionately impact nations lacking 

adequate waste management infrastructure, 

reinforcing the inequitable distribution of 

the risks of SMRs for the benefit of powerful 

nations or corporations.

SMR TECHNOLOGY 
TRANSFER WILL BE 
INCOMPLETE AND 
INEQUITABLE
Like with many emerging technologies, nations 

and companies developing SMRs promise a slew 

of technical, political, and economic benefits 

Given the large size and complex 
manufacturing supply chains of conventional 
nuclear reactors, countries see the potential 
scalability, lower upfront costs, and siting 
flexibility of SMRs as factors that will make 
adoption possible in areas that would 
otherwise have difficulties supporting 
traditional, large reactors.
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to adopting countries. However, despite the 

promises of prosperity from SMRs, non-

nuclear energy states will struggle to translate 

SMR technology into local benefits. Rising 

demands for reliable, low-carbon energy have 

ignited a new global interest in nuclear power, 

including among nations that do not currently 

have nuclear energy (Dewan et al., 2024). Given 

the large size and complex manufacturing 

supply chains of conventional nuclear reactors, 

countries see the potential scalability, lower 

upfront costs, and siting flexibility of SMRs 

as factors that will make adoption possible in 

areas that would otherwise have difficulties 

supporting traditional, large reactors (Daigle 

et al., 2024; Murakami & Anbumozhi, 2022). 

In essence, SMR technology promises to create 

more accessible pathways for domestic nuclear 

reactor development because it does not 

necessarily depend on the capacity or existence 

of local grids—one limiting factor for adding 

new power generation—and could electrify 

remote and rural areas. SMRs are also attractive 

for their potential to fill energy demands in local 

industries, expand energy options for reducing 

carbon emissions (especially if supplemented 

with renewable energy), and reach economies 

of scale to lower costs (Daigle et al., 2024). 

Depending on unreliable 
funding and politics
Precarious international funding sources and 

decisionmaking can undermine domestic 

energy transitions. The role of international 

organizations in Romania’s attempts to 

shift away from historical coal dependency 

illustrates this well. After the fall of the Iron 

Curtain in the 1990s, the World Bank imposed a 

decision on the Romanian government to close 

down national coal mines due to economic 

inefficiency (Bucată, 2020; Kozak, 2013). But 

the country lacked an industrial substitute 

to replace coal infrastructure, and this 

internationally-driven decision exacerbated 

social inequities, abandoned communities, and 

massive job loss in the coal sector (Catună, 

2022; LaBelle et al., 2021; Nicola & Schmitz, 

2022). In 2019, as part of its Green Deal to 

reach net-zero emissions by 2050, the EU 

identified Jiu Valley as a candidate for transition 

assistance away from its dying coal industry 

(European Commission, 2019). That same year, 

the Romanian government partnered with a 

domestic wind power corporation to fund a 

wind power workforce retraining program to 

address the hardships faced by Jiu Valley’s coal 

miners (LaBelle et al., 2021). While the program 

aimed to use funds from both the EU and 

Romanian government to train around 8,000 

new workers, EU funding support was never 

secured for the project, and the collapse of 

Romania’s ruling coalition government halted 

any national funding (LaBelle et al., 2021). As a 

result of these unstable funding pathways, the 

program lacked resources and proved a failure, 

training only one worker for a career in wind 

power (LaBelle et al., 2021). Under the EU’s 

“Just Transition Fund,” an initiative created 

to support EU member states in green energy 

transitions, Jiu Valley may be eligible for more 

concrete assistance in the future, yet the funds 

for the platform have fallen from €40 billion 

in 2019 to less than €20 billion today, eroding 

trust in the reliability of these resources for 

stewarding Romania’s energy transition 

(Bucată, 2020; European Commission, n.d.). 

In the meantime, Romania’s dependence on 

foreign funding has caused it to lag behind 

other EU states in its transition away from coal. 

Jiu Valley miners continue to face economic and 

social costs of the transition without viable job 
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alternatives, and the burning of coal remains 

a considerable health risk across the country 

(Ciobanu & Stoica, 2018).

Implementing technology 
without local considerations
The modularity and small scale of SMRs have 

made them an attractive electricity option for 

remote and rural areas worldwide. Yet often 

when technology is transferred internationally, 

it prioritizes Western knowledge and 

ignores national contexts, leading to failed 

technological uptake—or worse, outward 

harm (Khandelwal et al., 2017; Pandey et al., 

2021). Improved Cookstove (ICS) initiatives, 

for example, attempt to bring more efficient, 

safe, and environmentally friendly stoves to 

areas in Africa, Asia, and Latin America which 

often rely on biomass fuels for cooking that 

cause indoor air pollution and health harms 

(Urmee & Gyamfi, 2014). UN agencies and 

NGOs have provided funding and development 

support for many of these initiatives, placing 

immense pressure on nations to find technical 

solutions to their perceived cookstove problems 

(Khandelwal et al., 2017). While some areas 

have embraced incorporating modular stove 

types, many of these internationally-developed 

programs have failed to consider important 

contextual questions, such as local cooking 

preferences, fuel access, and willingness to 

pay for the technology (Gadgil & Booker, 2011). 

Poor information sharing between researchers, 

program leadership, and communities has also 

resulted in stove technology that is incompatible 

with social expectations and local needs (Gadgil 

& Booker, 2011; Urmee & Gyamfi, 2014). As a 

result, international stove 

technology initiatives 

such as ICS have struggled 

to consistently minimize 

health harms in target 

regions, leaving these 

populations at greater 

risk of respiratory and 

cardiovascular illnesses 

than their electric 

and gas stove-using 

counterparts (Fullerton 

et al., 2008). Communal 

ovens in neighborhoods 

across Morocco—an 

integral part of society for centuries—present a 

different picture. There, the cultural preference 

for communal cooking spaces plays a vital role 

in shaping quality of life, often more so than 

technological improvements in private cooking 

appliances (Belarte et al., 2024; Steiner, 2006). 

Historical technology transfers have also 

taught us that without supportive, congruous 

infrastructure and a strong research capacity, 

countries will be unable to translate regional 

SMR deployment into lasting domestic 

benefits. Consider the Green Revolution, the 

period from the 1950s to 1980s that saw an 

increase in global food production through the 

The modularity and small scale of SMRs have 
made them an attractive electricity option 
for remote and rural areas worldwide. Yet 
often when technology is transferred interna-
tionally, it prioritizes Western knowledge  
and ignores national contexts, leading to 
failed technological uptake—or worse, 
outward harm.
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distribution of agricultural technology such as 

high-yield crops (Wu & Butz, 2004). During the 

international agricultural technology transfers 

of this time, countries without substantial 

domestic research capabilities experienced 

few benefits (Pray, 

1981). States with robust 

agricultural research 

programs were more 

likely to invest and 

participate in exchanges 

of high-yielding variety 

(HYV) strains of wheat, 

and even develop their 

own varieties to fit 

domestic climate and 

agricultural conditions 

(Pray, 1981). The Indian 

Agricultural Research Institute, for example, 

was an established organization that 

successfully pushed the Indian government to 

import HYVs in the 1960s, whereas in countries 

like Bangladesh, which lacked this same 

research foundation as India, the first HYV 

uptake occurred almost a decade later (Pray, 

1981). Thus, global disparities in food security 

arose with this delayed—or in some cases, 

non-existent—uptake, and agricultural tech 

transfers proved largely dependent on domestic 

research capabilities and effective international 

information sharing.

Exacerbating local inequities
Beyond perpetuating global inequities, 

SMRs are also likely to reinforce disparities 

at national and local levels. In recipient 

countries, political and industry elites are 

likely to oversee SMR imports and expanded 

domestic uranium mining, forging close ties 

with counterparts from exporting nations. As a 

result, these domestic elites will likely reap the 

primary benefits of these operations and act as 

stewards of the interests of wealthier nations 

within their own country. Meanwhile, domestic 

workers and local communities will bear most 

of the environmental impacts associated with 

SMRs discussed in Chapter 5, yet experience 

few social, political, or economic benefits.

Geopolitically motivated transfers of technology 

may enrich a beneficiary country’s elites 

at the expense of other populations in the 

receiving nation. During the Green Revolution, 

technology was primarily exchanged between 

the United States government, U.S.-funded 

research and philanthropic organizations, and 

nations dealing with hunger crises, with the US 

hoping to use these transfers to quell the global 

spread of communism (Kumar et al., 2017; R. 

Patel, 2012; Perkins, 1998). Politicians and 

philanthropists worried that famines in India 

in particular would spur the country along the 

same communist direction as China, where 

hunger had led to political unrest and helped 

prompt a communist revolution (Kumar et al., 

2017; Perkins, 1998; Saha, 2013). U.S. efforts 

thus focused on developing high-yield crops 

that would rapidly increase food production 

Domestic elites will likely reap the primary 
benefits of these operations and act as 
stewards of the interests of wealthier 
nations within their own country. Meanwhile, 
domestic workers and local communities 
will bear most of the environmental impacts 
associated with SMRs, yet experience few 
social, political, or economic benefits.
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to deal with hunger, rather than targeting the 

more fundamental issues of inequitable food 

and resource distribution in India (Perkins, 

1998; Baranski, 2015). Scientists targeted 

wealthy, landowning farmers in India to try 

out these new high-yield crops, as they were 

better able to take on the risks of potential 

crop failure, and also shoulder the costs of 

expensive fertilizers and large sums of water 

required to sustain these crops (Aga, 2021; 

Public Broadcasting Service, 2020a; Saha, 

2013). Yet as a result, local farmers could not 

afford to grow these capital-intensive crops. 

While food production increased substantially, 

high-yield crops degraded soil quality, lowered 

water tables, and minimized biodiversity with 

disastrous effects for local farmers (Aga, 

2021). By prioritizing its geopolitical aims in 

the transfer of agricultural technology, the 

US failed to distribute technological benefits 

across Indian society, benefiting the country’s 

elites while harming local communities.

Developers and government officials 

emphasized that the Coca Codo Sinclair 

Hydroelectric Power Plant in Ecuador would 

foster national prosperity through job creation 

and increased energy supplies, but in practice 

the dam’s construction has had mixed impacts. 

Developers promised that the project would 

source 70% of its workforce locally, yet actual 

local employment only reached 40%, and 

the majority of these jobs were in temporary 

construction (Teräväinen, 2019). When 

construction finished, unemployment in the 

region rose when locals could not easily return 

to their old jobs or find new work (Vallejo et 

al., 2018). Workers from outside the local 

community, primarily from China or elsewhere 

in Ecuador—most of the Ecuadorian workers 

were engineers from Quito (Nathanson, 

2017)—took on the dam’s long-term and 

higher-paying technical roles because they 

possessed the expertise and education that 

locals did not (Teräväinen, 2019; Vallejo et 

al., 2018). The turnkey nature of the project 

also played a role in preventing Ecuador from 

gaining significant technological or knowledge 

transfer, while leaving the country with 

costly, defective energy infrastructure and 

new environmental risks—the dam is riddled 

with cracks and faulty technology, and its 

proximity to an active volcano and eroding 

river beds threatens its integrity further 

(Casey & Krauss, 2018). Additionally, the dam 

has changed the ecology of fish habitation in 

the region, reducing a primary food source for 

local Indigenous populations (Palma, 2017). 

While the dam has succeeded in covering 

a significant part of Ecuador’s electricity 

demand, the country continues to grapple with 

widespread energy shortages due to energy 

infrastructure neglect, droughts, and alleged 

corruption under new leadership (Turkewitz 

& León Cabrera, 2024; Yauri, 2024). Promises 

of affordable and dependable energy access 

have remained elusive, especially among low-

Norman Borlaug teaches a group of wheat scientists at 
one of the International Maize and Wheat Improvement 
Center’s experimental fields in Mexico. (International Maize 
and Wheat Improvement Center / Flickr)
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income local populations during the recent and 

ongoing energy crisis, who still struggle to pay 

high energy costs and often cannot afford a 

generator for their homes (Turkewitz & León 

Cabrera, 2024).

In Mexico, political and industry elites 

profit from a Coca-Cola bottling plant in 

the state of Chiapas, while local Indigenous 

communities face public health harms and 

water shortages. Since the 1950s, Coca-Cola, a 

major transnational corporation headquartered 

in the United States, has remained not just a 

cultural symbol and staple in many Mexican 

diets, but also a major contributor to Mexico’s 

economy (Gómez, 2019). At times, the line 

between Coca-Cola’s corporate leadership and 

the country’s political 

leadership have been 

blurred, such as when 

Vicente Fox, the former 

head of Coca-Cola in 

Latin America, became 

Mexico’s president in 

2000 (Gómez, 2019; 

Lopez & Jacobs, 2018). 

The brand relies on numerous bottling plants 

like its facility in Chiapas to maintain this 

level of economic and cultural dominance. 

In exchange, Chiapas residents struggle with 

widespread diabetes, as clean water is hard to 

come by and Coca-Cola provides a cheap and 

accessible alternative (Lopez & Jacobs, 2018). 

Residents point to the large (and government-

subsidized) water intake of the bottling plant 

as another strain on the region’s already 

dwindling water supply (Lopez & Jacobs, 

2018). Local Mayan farmers struggle to make 

a living given these droughts, and also tend 

to be at higher risk of diabetes than Mexicans 

of European descent (Domínguez-Cruz et al., 

2020; Leroy et al., 2022). The Chiapas plant 

thus helps uphold Coca-Cola’s global corporate 

dominance and the concentration of wealth to 

the national elite by extracting resources from 

the local population and contributing to serious 

public health crises.

Our case studies indicate that the benefits of 

SMRs will likely concentrate among national 

actors who already possess power and access 

to international networks. Technology access 

often requires connections and resources, and 

whether these are leaders of transnational 

corporations, as in the Coca-Cola case, or 

wealthy landowners, as in the case of the Green 

Revolution, the conditions around international 

SMR contracts are vulnerable to these same 

power dynamics. Beyond technological 

distribution, global SMR developers will need 

to strengthen paths for resource extraction 

and land use to remain competitive. As a result 

of these asymmetrical domestic benefits of 

international partnerships, local inequities will 

be reinforced.

Global powers will shift the risks of SMRs 

onto less powerful countries through physical 

infrastructure and resource extraction 

pathways, reinforcing global inequities. As the 

cookstoves and Green Revolution cases show, 

for countries without the domestic capacity 

to support SMR research, development, 

Our case studies indicate that the benefits of 
SMRs will likely concentrate among national 
actors who already possess power and access 
to international networks. 
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and integration, exported technology is not 

likely to consider the full complexity of local 

conditions. Russia’s nuclear reactor export 

packages—Rosatom’s “Build, Own, Operate” 

model—are an example of this, with the state 

not only being responsible for building the 

plants, but also promising training for local 

workforces and helping with construction 

services, funding, long-term maintenance 

contracts, and sometimes even uranium 

fuel supply pathways (de Carbonnel, 2013; 

Foltynova, 2022). Russian loans, subsidized 

by the government, are often used to make 

these projects attractive, sometimes covering 

over 80% of construction costs for importing 

states (Foltynova, 2022). Yet, as the Coca Codo 

Sinclair Dam case makes clear, these models 

of funding and construction often seek to 

reinforce dependencies of low- and middle-

income countries on foreign investment, rather 

than prioritizing the distribution of economic 

benefits and sustainable transfer of knowledge 

to receiving states. The Jiu Valley and whale oil 

cases also reveal how technology or industries 

are vulnerable to fluctuations in international 

funding, political priorities, and even war. 

This dependency and destabilization, paired 

with intensive resource extraction, will also 

saddle low- and middle-income countries 

with environmental and public health harms, 

as seen in the case of lithium mining in  

South America. 

In sum, despite SMR proponents promising 

that SMRs will provide energy security, foster 

international cooperation, and be easily 

transferable into a variety of international 

contexts, the technology will be difficult to 

integrate into local environments and likely 

extend global power imbalances. These power 

imbalances will deepen global and local 

inequities, limiting the benefits of SMRs to 

corporate leaders, politicians, and wealthy 

citizens. Furthermore, the vulnerability 

of energy markets and technology to 

geopolitical aims can be used by global powers 

to destabilize or control other countries. 

Technology transfers motivated by geopolitical 

and nationalistic goals instead of local and 

collective interests are ineffective or even 

harmful for recipients, not addressing the root 

of complex social and political problems. As 

nuclear energy competition between the US, 

Russia, and China continues to build, these 

powers will look to expand their networks of 

influence and foster relationships with more 

countries, including those that are vulnerable 

to the geopolitical interests of more powerful 

nations. These countries are unlikely to reap 

the potential technological benefits of SMRs. 

This disparate difference between costs and 

benefits will reinforce or create neocolonial 

relationships across the nuclear fuel cycle, 

further entrenching the dominance of powerful 

nations and transnational corporations.

The Coca Codo Sinclair hydroelectric power station during 
construction, circa 2016. (Ecuadorian Ministry of Tourism / 
Wikimedia Commons)
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Chapter 3: Privileging 
Markets over the Public 
Good
KEY TAKEAWAYS

	z The SMR industry will prioritize profit over public interests, resources, and safety.

	z Profit considerations will undermine industry promises of rural distribution and climate 
change mitigation.

	z The SMR market will likely reinforce and exacerbate racial inequity and racial capitalism.

	z Promoting SMRs as crucial for national goals will enable the industry to evade regulatory 
oversight, increasing the risks of SMRs.

	z Financial pressures will force the SMR industry to take risky shortcuts.

	z The SMR industry will leverage its expertise to influence regulation.

Small modular reactor (SMR) developers 

depict their technology as a necessary and 

revolutionary upgrade from the reactors in use 

for the past 70 years. With this framing comes 

the promise that these novel reactors can 

not just mitigate the risks and reduce public 

opposition but can also solve deeper social ills 

such as inequitable energy distribution and 

climate change. However, market pressures will 

likely prevent these promises from becoming 

reality and will actually increase the risks of 

SMRs, making them vulnerable to error and 

even catastrophic malfunction.

Industry prioritizes profit. To maximize 

financial gains, the SMR industry will 

emphasize the novelty of its technology to 

suppress regulatory oversight. It will frame 

SMRs as vital to fulfilling national goals like 

energy and infrastructure security, which 

will limit governments’ efforts to regulate 

the technology. And, the industry will exploit 

its superior expertise on SMR technology to 

influence regulation. Finally, the SMR industry 

will prioritize economic viability over public 

interests and access to public resources. This 

includes reinforcing racial inequities in pursuit 

of profit, exploiting racialized labor and land 

to support the SMR supply chain. 
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THE SMR INDUSTRY 
WILL ESCAPE 
STRINGENT 
REGULATORY 
OVERSIGHT
Like other industries and as discussed 

in other chapters, SMR developers will 

frame the technology in terms of national 

objectives, including innovation and economic 

competitiveness, energy security, and the 

mitigation of climate change. In addition, they 

may lack the technical knowledge to regulate 

the industry forcefully. Ultimately, this will 

produce industry-friendly governance, with 

regulators unlikely to evaluate the technology 

critically or slow it down.

The power of public interest 
framing
American industry has long framed its work 

in emotional, and even nationalistic, terms 

to avoid government oversight. After the 

invention of the telephone in 1876, the American 

Telephone and Telegraph company (AT&T) 

had a monopoly over telephone service. This 

dominance enabled it to construct a nationwide 

long-distance telephone network (Langdale, 

1978). But at the turn of the 20th century, 

the rapid emergence of smaller, independent 

telephone service providers disrupted this 

monopoly, and the refusal of companies to 

overlap their telephone lines with competitors 

led to fragmented and isolated service options 

for subscribers (Mueller, 1997). AT&T hoped to 

consolidate the independents into its system, 

but the US government fought to protect 

smaller providers from what it interpreted 

as a clear violation of the Sherman Antitrust 

Act, a law that prohibits monopolies and 

promotes competition (History of Computer 

Communications, n.d.). In 1907, AT&T’s new 

president Theodore Vail responded with a 

massive publicity campaign to convince the 

government and public that his company’s 

exclusive control over a long-distance network 

served the country’s greater goals of national 

unity, self-reliance, and democracy (Long, 

1937; MacDougall, 2006). Vail coined the phrase 

“one system, one policy, universal service,” and 

launched national magazine advertisements 

to sway public opinion towards his cause 

(Griese, 1977). The framing worked, and the 

U.S. government decided that competition 

would harm the industry, and by extension, 

the public (Yale Law Journal, 1975). In 1921, the 

U.S. Congress passed the Willis-Graham, Act, 

which exempted telephone companies from 

antitrust laws so that they could merge with 

competitors (Mueller, 1997). By 1932, AT&T had 

become a “natural monopoly,” controlling 80% 

of the national telecommunications network 

(Lasar, 2011; Mueller, 1997). This natural 

Sergius P. Grace, Vice-President of the Bell Telephone 
Laboratories, shows the old and the new in 
telephones. (U.S. Library of Congress)
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monopoly greatly minimized the public’s 

power to challenge high rate increases and 

reductions in quality of service. This problem 

continues today, with an oligopoly of mobile 

telephone providers (Garcia, 2005; NTCA - The 

Rural Broadband Association, n.d.).

Similarly, the recent history of climate 

change solutions is littered with language 

of innovation fixes, which depress attempts 

at regulatory oversight while hiding risks. 

For example, fossil fuel companies promote 

carbon capture technologies as solutions to the 

climate impacts of their industry. There are 

two types of carbon capture approaches: (a) 

carbon capture and storage (CCS), or point-

source capture discussed further below, which 

collects carbon dioxide (CO2) at its emission 

source, such as the smokestack of a coal-fired 

power station, and (b) carbon dioxide removal, 

such as direct air capture (DAC), which 

extracts CO2 from the ambient air (Center for 

Environmental International Law, n.d.). Both 

capture and compress CO2 into a fluid, which 

is then transported to storage sites, typically 

deep underground in geological formations 

(Mahjour & Faroughi, 2023; National Energy 

Technology Laboratory, n.d.). Proponents 

frame CCS and DAC as effective methods to 

tackle the climate crisis while maintaining 

the vast energy infrastructure that powers 

the world (Carbon Capture Coalition, n.d.; 

Center for Climate and Energy Solutions, 

n.d.). However, this framing omits the social 

and environmental risks and lack of regulatory 

oversight (Asayama & Ishii, 2017; Gunderson et 

al., 2020). This includes the leakage problem. 

Experts estimate CCS storage infrastructure 

could leak upwards of 25 gigatons of CO2, 

which undermines claims of containment and 

could contribute to warming temperatures 

by 0.01–0.02 degrees (Vinca et al., 2018). In 

addition, injecting liquidized carbon into the 

ground can induce seismic activity, increasing 

the possibility of earthquakes at storage sites 

(White & Foxall, 2016). Nevertheless, global 

investment in carbon capture, transport, and 

storage is quickly growing, valued at USD 

$9–11 billion in 2024 (Casey, 2024; Global 

Market Insights, 2024). Regulations to manage 

these environmental risks are still insufficient 

(Environmental Integrity Project, 2023; Huron 

River Watershed Council, 2024).

Security framings are also extraordinarily 

powerful, even suppressing considerations 

of cost and effectiveness. In 2003, the United 

States Navy committed $15 billion to the 

Littoral Combat Ship (LCS) program, a large 

fleet of small, modular, technologically 

advanced ships conceived by Deputy Defense 

Secretary Robert Work to perform a variety 

of unspecified combat roles (Morgan, 2003; 

Sapien, 2023). Secretary Work advertised LCS 

as the revolutionary technology needed to 

advance the U.S. naval fleet into the future and 

Smokestacks at a coal-fired power plant, Arizona.
(Nick Humphries / Creative Commons)
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confront emerging national security threats 

(McLeary, 2022; Axe, 2011). Even though there 

was limited planning and little to suggest that 

the “advanced” designs were feasible, Congress 

appropriated funding (Axe, 2011; McLeary, 

2022). The Defense Department used the 

funds to add weapons, features, and purposes 

to the emerging LCS systems to the point of 

absurdity (Axe, 2011). This further obscured 

the program’s actual purpose and burdened 

taxpayers with exorbitant costs, while the 

ships failed (Work, 2013; Axe 2011). Some Navy 

officials petitioned to permanently retire the 

costly program, but defense companies—who 

have lucrative maintenance contracts—have 

successfully slowed decommissioning efforts 

(Lipton, 2023; McLeary, 2022).  

These analogical cases suggest that the 

SMR industry will frame the technologies as 

advancing national interests, but industry 

needs will overtake other public interest 

concerns. This framing will also make it 

harder to regulate SMRs, as such oversight 

will be viewed as harming innovation, not 

to mention achieving the goals of climate 

change and national security. When coupled 

with existing financial and expertise pressures 

that  regulators face, this will reduce the 

technology’s safety and increase the likelihood 

of accidents.  

Pressures to compromise 
safety
Developers claim that the same design features 

that make SMRs more efficient and easier to 

operate make them safer. They require fewer 

components, which reduces maintenance 

needs and opportunities for malfunction; use 

smaller reactor cores, which physically limit 

the amount of nuclear material; and employ 

passive safety systems that do not require 

human intervention (U.S. DOE-NE, n.d.-c). 

These technical promises, however, obscure 

the economic pressures that the SMR industry 

is likely to face. Ultimately, despite extensive 

safety regulations and redundancies in reactor 

design, our analogical cases suggest that the 

SMR industry will prioritize economically 

feasible (profit-maximizing) reactors in ways 

that undermine safety culture and practices.

When Boeing merged with competing aircraft 

manufacturer McDonnell Douglas in 1996, it 

traded its venerated innovation and safety 

culture for an approach that worshipped cost-

cutting procedures to increase stock prices 

and shareholder value (Tkacik, 2019; Wendel, 

2023). Safety practices eroded across the new 

company, but the most notorious impact was 

on its new aircraft, the 737 Max, which crashed 

twice, in 2018 and 2019, killing hundreds of 

people (The Associated Press, 2024). Boeing 

conceived the aircraft in a very competitive 

market environment. In 2010, Airbus, its 

Littoral combat ship USS Independence (LCS 2) arrives 
at Joint Base Pearl Harbor-Hickam. (Defense Visual 
Information Distribution Service)
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primary competitor, had released the fuel 

efficient, single-aisle A320NEO. Boeing’s 

customers liked the A320NEO and threatened 

to switch suppliers. So, the company rushed 

into production for a competing model: the 

737 Max (Clark, 2011; Seattle Times Business 

Staff, 2019). Its leaders indicated that the 

plane was necessary for the company’s 

survival, suggesting that all decisions—

including those related to safety—be made in 

service of a competitive, punctually delivered 

product. Boeing responded to this pressure by 

cutting engineering and regulatory corners, 

which increased risk to the flying public  

(Schacter, 2021). 

Instead of innovating an entirely new 

plane design, Boeing modified its previous 

“Next Generation” model with two larger, 

more fuel efficient engines. The company 

hoped this would shorten production time, 

simplify the Federal Aviation Administration 

(FAA) certification process, and save costs 

(MacArthur, 2020; Turman, 2021). However, 

the new engines and their placement on the 

wings created a tendency for the Max to pitch 

up in flight, threatening to stall the plane in 

mid-air. Engineers remedied this problem by 

tailoring their Maneuvering Characteristics 

Augmentation Systems (MCAS) software 

to pitch the plane’s nose back down. The 

company intentionally concealed these new 

features of the software and its impact on flight 

simulations from regulators. Had FAA officials 

known about this, they would have required 

pilots to take lengthy training courses before 

flying the Max. Such training requirements 

would lower the plane’s market value, so Boeing 

misrepresented the change as a continuation of 

familiar, regulated software rather than a novel 

system: a deadly and profit-motivated decision 

(U.S. Department of Transportation OIG, 2020). 

In addition, managers pushed engineers to 

complete designs at twice the usual pace, 

resulting in incomplete, sloppy technical 

specifications (Gelles et al., 2019). Boeing 

also outsourced most of the Max’s software 

development to underpaid, inexperienced 

coders to circumvent union requirements 

(Tkacik, 2019). Throughout the development 

process, Boeing leaders worked hard to remove 

any barriers to meeting the production timeline 

(The House Committee on Transportation & 

Infrastructure, 2020). 

But the Max’s failures are only symptoms of a 

broader phenomenon. In the years following 

the crashes, Boeing’s 777 model experienced 

multiple problems, including plane engines 

breaking in mid-flight and raining down debris 

(Zweifel, 2021). In 2024, an emergency door 

flew off a 737 Max 9 in the middle of a flight. 

Subsequent investigations discovered systemic 

maintenance and equipment issues, including 

misdrilled holes on fuselages, missing bolts, 

and engines that went up in flames (Saric, 

2024). A 2024 FAA report found Boeing lacked 

a systematic way of capturing and resolving 

safety concerns and that its employees were 

unaware of the company’s efforts to establish 

an enterprise-wide safety culture (Organization 

Designation Authorization Expert Review 

Panel, 2024).

The Boeing 737 Max story is one of many 

examples of how pressure to meet deadlines 

minimizes concerns about error, leading to 

disaster and death. Similar financial and 

time pressures emerge even in state-run 

enterprises, with the same risky outcomes. 

While explanations for the 1986 Space 

Shuttle Challenger explosion that killed seven 
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astronauts cite a variety of organizational 

problems, they all recognize that NASA 

managers shut down conversations about error 

and concerns from engineers because they had 

a timeline to maintain (Gouran et al., 1986; 

Heimann, 1993; Vaughan, 1996). NASA had 

already postponed the Challenger launch three 

times. And after a series of failures that were 

met with increased press scrutiny, the agency 

was at risk of tarnishing its reputation (Gouran 

et al., 1986; Higginbotham, 2024). On January 

27th, the day before the planned launch, a 

group of engineers at Thiokol, the private 

contractor in charge of the shuttle’s booster 

rockets, petitioned their supervisors to stop 

it. In an impromptu meeting between Thiokol 

and NASA management, they presented data 

that cast doubt on the shuttle’s ability to fly in 

the cold temperatures expected the next day. 

However, NASA officials vehemently opposed 

the engineers’ recommendation, with one 

NASA official exclaiming, “My God, Thiokol, 

when do you want me to launch, next April?” 

(Presidential Commission on the Space Shuttle 

Challenger Accident, 1986). Initially, some of 

the Thiokol managers sided with the engineers, 

but they all ultimately agreed with the NASA 

officials to proceed with the launch (Gouran 

et al., 1986; Higginbotham, 2024). After the 

following day’s disaster, some of the Thiokol 

managers and engineers reported that they 

felt pressure from NASA staff to reverse their 

decisions because of the perceived desire to 

launch (Gouran et al., 1986). They felt this 

pressure changed the burden of proof to 

proving to NASA leadership that the launch 

was unsafe, rather than taking the typical risk 

mitigation approach of presuming the system 

was unsafe until proven otherwise (Gouran et 

al., 1986).

Economic pressures also influence the 

preparation and management of disasters. In 

1990, BP and other big oil companies jointly 

founded the Marine Spill Response Corp (MSRC), 

a non-profit organization that specialized in oil 

spill cleanup. They calculated that participating 

in MSRC would be cheaper than reforming 

drilling operations to proactively prevent 

spills, while reducing both the costs of disaster 

management and liability for damages incurred 

during cleanup (National Commission on the 

BP Deepwater Horizon Oil Spill and Offshore 

The Space Shuttle Challenger waits on Launch 
Complex 39A at Kennedy Space Center before its 
first mission, STS-6, launched on April 4, 1983.   
(NASA /  Flickr)
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Drilling, 2011; Stephens & Flaherty, 2010). 

However, MSRC proved an inadequate solution 

for BP’s risky deepwater drilling operations. It 

lacked the resources, equipment, and personnel 

to comprehensively address major oil spills, 

which BP knew, but discounted (Stephens 

& Flaherty, 2010). In 2010, a combination 

of engineering failures, regulatory errors, 

and corporate negligence culminated in the 

catastrophic explosion of BP’s Deepwater 

Horizon drilling rig, sending oil gushing into 

the Gulf of Mexico for 87 days, releasing an 

estimated 134 million gallons of oil (Bratspies, 

2011; Krauss & Fountain, 2011; Marine Mammal 

Commission, 2015; Robertson & Krauss, 

2014). After the Deepwater Horizon spill, BP 

monitored the air quality of communities, not 

for the purpose of ensuring their health, but to 

defend against future litigation. The company 

also refused government requests to monitor 

the blood, urine, or skin of cleanup workers, as 

results likely would have revealed the presence 

of carcinogens and opened BP to liability and 

serious litigation (Sneath & Laughland, 2023).

We see a similar pattern with the 2011 Fukushima 

Dai-ichi nuclear accident. Experiencing market 

pressures, the Tokyo Electric Power Company, 

which operated the nuclear plant, neglected 

crucial safety upgrades (Weitzdörfer & Djokić, 

2021). And while Japan’s Nuclear and Industrial 

Safety Agency was required to provide 

regulatory oversight, its location within the 

Ministry of Economy, Trade, and Industry—

tasked with promoting nuclear power—limited 

its influence (Ferguson & Jansson, 2013; 

Kurokawa & Meshkati, 2021). The accident 

and its aftermath forced evacuation of about 

170,000 residents and caused more than 2,000 

deaths (Hasegawa et al., 2015; World Nuclear 

Association, 2024).

Overall, the Boeing 737 Max, NASA’s Space 

Shuttle Challenger, BP Deepwater Horizon, and 

Fukushima disasters showcase how economic 

pressures—even on government institutions—

undermine the promises of safety, leading to 

catastrophic failures of complex technological 

systems. These disasters show us that profit-

maximizing pressures on the SMR industry are 

likely to lead to risky shortcuts in the interest 

of rapid development and deployment. Some 

SMR proponents may dismiss these cases as 

low-probability events, but taken together 

they demonstrate a clear pattern that must be  

taken seriously.

The expertise deficit
Even when regulators step in, it can be difficult 

for them to develop and maintain the necessary 

expertise to provide appropriate technology 

oversight. For the past 60 years, light water 

reactors (LWRs) have dominated commercial 

nuclear electricity generation, and the agencies 

tasked with overseeing this industry have 

IAEA experts depart Unit 4 of TEPCO’s Fukushima 
Daiichi Nuclear Power Station on April 17, 2013 as part 
of a mission to review Japan’s plans to decommission 
the facility. (Greg Webb (IAEA) / Wikimedia Commons)
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developed safety standards and assembled 

expertise based on these designs. SMR designs 

introduce new reactor technologies and 

systems such as non-conventional cooling 

methods, different reactor materials, higher 

operating temperatures, and passive safety 

systems; regulators do not have as thorough 

a knowledge and understanding of these 

technologies as the developers (Jayarajan & 

Piotukh, 2024; Sam et al., 2023). Regulators 

also face financial constraints in hiring new 

employees (U.S. GAO, 2023). As a result, they 

turn to the private sector for this expertise, 

but this ultimately creates a conflict of interest 

(Jayarajan & Piotukh, 2024).  

This problem, where industry controls the 

knowledge used in government decision-

making, could be considered a different, 

epistemological form of regulatory capture 

(Borges, 2017). This is more likely in countries 

that prioritize limited government or in sectors 

with significant technological innovation. 

Consider the regulation of the aircraft 

industry in the United States. The Federal 

Aviation Administration (FAA) certifies all 

new commercial aircraft according to safety 

standards. Citing limited resources, in 1958, 

the FAA created the Designee Program, which 

permits the agency to appoint private industry 

employees and organizations to perform this 

evaluation (Federal Aviation Administration 

[FAA], n.d.-a; FAA, n.d.-b). These “designees” 

perform nearly all certification duties related to 

aircraft safety and personnel competency (U.S. 

GAO, 2004). FAA program offices supervise 

the performance of designees, coordinate 

with them, and evaluate the data they collect, 

though the agency’s oversight and engagement 

is inconsistent (U.S. GAO, 2004; FAA, n.d.-c). 

The agency continuously defends these 

practices by pointing to the superior labor and 

technical capabilities that the private sector 

provides (FAA, n.d.-b). 

This oversight approach had profound impacts 

on the Boeing 737 Max’s recent failures. When 

Boeing began to develop the new plane in 2011, 

the company’s first since 1993, it appointed its 

own designees to report on safety evaluations 

and compliance with regulatory standards to 

the FAA (Kitroeff et al., 2019). This enabled 

the company to hide information about MCAS 

(Gates, 2019). Customarily, new systems are 

subject to additional regulatory scrutiny. But 

company designees presented the software 

as a modification rather than a new feature 

(U.S. Department of Transportation OIG, 

n.d.). Boeing understood that any changes to 

MCAS would compel FAA action, which would 

delay timelines and increase costs. So, during 

a closed-door meeting in 2013, its leaders 

decided to never discuss MCAS outside of 

internal communications (Krisher, 2020). As 

a result, alterations to and problems with MCAS 

never reached the FAA. During flight testing, 

Boeing 737-9 MAX first flight. (Jeff Hichcock /  
Wikimedia Commons)
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designees did not report the problem when a 

test pilot took ten seconds (a response time 

the pilot called “catastrophic”) to identify and 

respond to activated MCAS software (The House 

Committee on Transportation & Infrastructure, 

2020). And in 2016, they chose to conceal 

changes to MCAS in the Flight Standardization 

Board Report (FSB), a document detailing 

important information to include in the 

airplane manual and pilot training materials. 

Consequently, the published Max manuals 

and pilot training materials contained no 

information about the MCAS (Krisher, 2020; 

U.S. Department of Justice, Office of Public 

Affairs, 2021).

Similarly, through the late 20th century, the 

U.S. deepwater drilling industry leveraged its 

superior technical knowledge to circumvent 

government oversight, manipulate regulation 

standards, and rewrite safety mandates in its 

own interest. The government established the 

Mineral Management Service (MMS) in 1982 

to manage the country’s offshore energy and 

mineral resources, including policing offshore 

drilling sites by subjecting mining operations 

to formal, regulatory approval processes and 

conducting frequent, unannounced on-site 

inspections (Hogue, 2010; Natl. Comm. on 

the BP Deepwater Horizon Oil Spill & Offshore 

Drilling, 2011). However, MMS lacked the 

resources, technical knowledge, and personnel 

to sustain this work, particularly as offshore 

drilling activity increased dramatically, and 

drilling technology became more complex (Neal 

et al., 2007). Unannounced inspections, and 

the agency’s capacity to exert direct oversight 

and update regulations, plummeted (Natl. 

Comm. on the BP Deepwater Horizon Oil Spill 

& Offshore Drilling, 2011). Further, MMS began 

deferring to industry assurances of safety rather 

than updating drilling safety requirements. 

For example, MMS mandated frequent tests 

for blowout preventer stacks (BOPs), the 

specialized valves meant to seal drilling wells, 

control their pressure, and prevent catastrophic 

releases of oil and gas (Wollff, 2023). But 

when the industry challenged the regulation 

and claimed their BOPs were safer than MMS 

standards, the regulator halved the number 

of mandated tests (Natl. Comm. on the BP 

Deepwater Horizon Oil Spill & Offshore Drilling, 

2011). This lack of regulatory oversight enabled 

the deployment of defective and dangerous 

technologies, producing catastrophic technical 

failures. A failed BOP caused BP’s Deepwater 

Horizon disaster, an oil rig explosion that killed 

11 workers and created the worst unintentional 

oil spill in history, causing both humans and 

the ecosystem serious harm (Perrons, 2013; 

Shultz et al., 2015). 

Some might argue that regulators are simply 

not doing their jobs, but a recent FAA survey 

suggests that the problem is cultural. On two 

occasions, in 2018 and 2019, MCAS software 

malfunctioned and pushed the plane’s nose 

Platform supply vessels battle the blazing remnants 
of the off-shore oil rig Deepwater Horizon. (U.S. Coast 
Guard / Wikimedia Commons)
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down shortly after takeoff. The pilots, unaware 

of MCAS, were unable to respond, and both 

planes crashed, killing a total of 346 people 

(Seattle Times Business Staff, 2019). In the 

wake of the 737 Max crashes, the FAA sought 

to understand and improve its safety culture. 

Employees reported that their industry 

counterparts complained regularly about 

the financial stress caused by overbearing 

regulatory standards and expected them to 

find industry-friendly solutions (Koenig, 

2020). This pressure led to policy choices 

and interpretations that prioritized business-

oriented outcomes, with FAA senior leadership 

sometimes even taking Boeing’s side over its 

own safety engineers (Kitroeff et al., 2019; 

Koenig, 2020; Krisher 2020).

We expect similar compromises to safety 

culture in the SMR regulatory environment. 

Improving regulatory efficiency for SMRs 

will depend heavily on industry expertise, 

thus making oversight and safety vulnerable 

to economic pressures. While some worry 

about over-regulation, these concerns rarely 

consider the knowledge deficit experienced by 

overburdened regulators.

THE SMR INDUSTRY 
WILL PRIORITIZE 
ECONOMIC OVER 
PUBLIC INTEREST
The need to generate revenue will also cause 

SMR developers to seek out markets that 

rarely, if ever, align with the industry’s 

professed goals of climate change mitigation 

and increased energy access. As we also discuss 

in other chapters, these markets will likely 

be industrial, and they may be extractive, 

polluting, and otherwise harmful to the 

environment. This reality may undermine 

citizens’ legal protections and rights to 

informed consent and self-determination. 

And, local natural resources could be diverted 

from communities to serve powerful private 

companies at the expense of taxpayers.

Carbon capture and storage (CCS), which 

captures carbon from an emission source to 

reduce the total amount in the atmosphere 

and ultimately mitigate climate change, is a 

particularly perverse analog. Revenue pressures 

have driven the CCS industry towards business 

models that directly counteract its green 

promises. At its current level of development, 

the technology is costly and therefore 

unattractive to energy facilities seeking to 

reduce their carbon footprint (IEA, 2022). Across 

the United States and Europe, it is cheaper to 

pay taxes on emissions than to capture and 

store the carbon (Bright, 2022; Butterworth, 

2023; Tollefson, 2018). So, the CCS industry has 

created a secondary market: selling its captured 

carbon for enhanced oil recovery (EOR). The 

fossil fuel industry uses EOR to remove oil that 

is difficult to extract, typically from mature oil 

fields that have dropped in productivity. The 

process works by converting carbon dioxide 

into a highly compressed fluid that is then 

injected underground to bring the oil closer 

to the surface (National Energy Technology 

Laboratory, n.d.; U.S. DOE, Office of Resource 

Sustainability, n.d.). Of the 400 million barrels 

of previously unreachable oil in the United 

States, about half can be extracted via EOR 

(National Energy Technology Laboratory, n.d). 

Thus, as we discuss further in Chapter 5, CCS 

ultimately enables the fossil fuel industry 

and its carbon emissions infrastructure  

(Roberts, 2019). 
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Similarly, during the COVID-19 pandemic, 

manufacturers prioritized their own economic 

interests above the public health needs of low- 

and middle- income countries despite the 

World Health Organization’s efforts at equitable 

distribution (World Health Organization 

[WHO], 2021). This left economically 

disadvantaged and otherwise vulnerable 

global communities lacking vaccines. Pfizer 

and Moderna, among others, shunned global 

distribution models in favor of opaque yet 

lucrative bilateral funding arrangements that 

granted a few wealthy countries primary access 

to critical vaccine supplies. Once manufacturers 

made vaccines available, the United States, 

the United Kingdom, and Canada—despite 

initially proclaiming vaccines as a global public 

good and necessity (Boulet et al., 2021)—

stockpiled supplies, severely limiting the global 

availability of vaccines. Canada bought enough 

vaccines to dose its population 5 times over 

(Hassan et al., 2021), and Britain stockpiled 

enough supplies to vaccinate its population 8 

times over (Gonsalves & Yamey, 2021). These 

stockpiles ensured that only wealthy countries 

had meaningful access to vaccine supplies. 

Near the end of 2021, when the United States 

and United Kingdom had already vaccinated 

over 60% of their respective populations, the 

world’s 50 least wealthy nations, together 

containing 20% of the world population, only 

had 2% of all existing vaccine doses (Hassan 

et al., 2021).

Developers will even undermine legal 

protections to maximize profitability. During 

the mid-18th century, railroad development 

was largely a local pursuit, with the technology 

mainly used to support local transport needs 

(Puffert, 2000). In many cases, developers 

laid different gauges—the distance between 

the two rails of a track—which then required 

passengers and cargo to change trains when 

the railroads met. This design feature created 

significant economic opportunities for nexus 

cities; Erie, Pennsylvania, for example, built 

an economy feeding, transporting, and 

housing layover passengers. So pivotal was 

this Erie nexus to regional commerce, that 

the Pennsylvania state legislature passed the 

Pennsylvania Gauge Law to halt any changes in 

track gauge size in 1852. But national railroad 

companies disliked the financial and logistical 

burden posed by Erie’s gauge switch (Kent, 

1973). They bribed lawmakers, and legislators 

repealed the law in 1853. Erie officials retaliated 

by passing a local ordinance prohibiting gauge 

changes within city limits (Grinde, 1974). The 

railroad companies attempted to coax the city 

into an agreement, offering to build an engine 

house and repair shop (Grinde, 1974). But 

Erie officials refused. Ultimately, the railroad 

companies simply ignored the ordinance and 

laid new track despite the local opposition. 

Economic interests also drive governments 

to favor industrial over public needs. On the 

outskirts of the Mexican city of San Cristóbal 

New York & Pennsylvania Railroad train, circa 1900. 
(Wikimedia Commons)
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de las Casas, in the state of Chiapas, a Coca-

Cola bottling plant receives not just generous 

government subsidies but also permits to 

drill deep wells to extract water, despite an 

ongoing water crisis in the state (Lewek, 2024; 

Lopez & Jacobs, 2018). Though Chiapas is one 

of Mexico’s rainiest regions, climate change 

has diminished rainfall, and poor water 

management has made reliable water access 

difficult, particularly for the large Indigenous 

population (Lopez & Jacobs, 2018). FEMSA, 

the food and beverage giant that controls 

Coca-Cola bottling in Mexico and much of 

Latin America, has enormous economic and 

political power; the former head of Coca-Cola 

FEMSA in Latin America, Vicente Fox, became 

Mexico’s president in 2000, and many argue 

that his administration’s lax regulation of 

the soft drink industry was an extension of 

this corporate past (Gómez, 2019; Lopez &  

Jacobs, 2018).

In addition to subsidizing water costs 

for FEMSA plant operations, the Mexican 

government has issued the company permits to 

drill wells that enable it to extract almost 500 

million liters of water per year (Lopez & Jacobs, 

2018; Pskowski, 2017). But, it will not provide 

permits to citizens who have been begging for 

similar wells for decades. Instead, communities 

must rely on shallow wells, where the water is 

often contaminated. Citizens have challenged 

the government through complaints, signed 

petitions, and organized protests, to no avail 

(EJ Atlas, 2022). Instead, FEMSA’s priority 

access to the highest-quality water in the 

region accelerates the water shortages for the 

community (Pskowski, 2017; Yeung, 2025). In 

2017, a UN Special Rapporteur on the Human 

Right to Safe Drinking Water and Sanitation 

appealed to the Mexican government to act 

urgently on its constitutional commitment to 

provide all of its citizens access to water and 

sanitation (UN Office of the High Commissioner 

for Human Rights,  2017). Meanwhile, Coca-

Cola’s famous sugary drinks are often more 

accessible than clean water, and as a result, 

Chiapas has seen the highest annual increase 

in its diabetes mortality rate of any Mexican 

state since 1990 (Gutiérrez-León et al., 2022; 

Lopez & Jacobs, 2018). 

We see a similar pattern with the recent 

development of data centers. In the U.S. 

state of Arizona, energy regulation reflects a 

growing sensitivity to tech industry interests, 

and the government is actively pursuing data 

center development while actively suppressing 

equitable energy access (Obando, 2024; Verma, 

2024). Hundreds of households in the Navajo 

Nation, for example, go without electricity 

A Coca-Cola truck, Mexico. (Josh Withers / Pexels)
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each year, forcing people to rely on wood- 

and coal-burning appliances that release 

dangerous particulates that can harm their 

health (Verma, 2024). Despite this, Arizona’s 

utility board rejected a power company’s 

proposal to raise rates to expand the grid to 

these homes, arguing that customers should 

not bear the burden (Verma, 2024). Meanwhile, 

the utility board approved a significant rate 

increase to better meet the rising electricity 

demands of data centers (New Mexico Political 

Report, 2024; Verma, 2024). Further, the 

state will increasingly rely on fossil fuels to 

accommodate data center demands, as seen in 

the historically Black town of Randolph, where 

officials recently approved the expansion of 

a large natural gas plant (Verma, 2024). The 

particulate matter released by the plant causes 

widespread asthma and lung cancer, which 

will only increase with expanded facilities  

(Verma, 2024).

These analogs suggest that the SMR industry 

will not just jeopardize the safety of its reactors 

but also devalue public needs—even those it 

claims to serve, like climate change—as it 

vies for efficiency and profitability. Further, 

governments will defer to the needs of the SMR 

industry in the name of economic progress at 

the expense of its citizens. Ultimately, this 

will do the greatest damage to communities 

or nations that are strained for resources and 

who are least able to advocate for themselves.

SMRS WILL REINFORCE 
RACIAL CAPITALISM
As it does with other extractive industries, 

racial capitalism, or the process of deriving 

economic and social value at the expense of 

marginalized racial identities, will also shape 

the emerging SMR industry (Leong, 2013). 

Racial capitalism divides racial identities and 

makes them distinct, namely by separating 

who does the work, who benefits from it, 

and who governs societal infrastructure, all 

ultimately in service of capital accumulation 

and preserving prevailing systems of power 

(Gilmore, 2002; Melamed, 2015). We expect 

that SMRs will continue to create and maintain 

racial inequities for the purpose of accumulating 

capital (Melamed, 2015).

Infrastructure projects often bolster profits 

at the expense of racial equity. Crossing the 

Dakotas and Illinois, the Dakota Access Pipeline 

(DAPL) in the midwestern United States 

travels beneath a Missouri River reservoir 

that the Standing Rock and Cheyenne River 

Sioux reservations use for drinking water 

(Hu, 2024). In 2016, the tribes protested 

against the pipeline, noting the dangers 

to this resource and other sacred land. Law 

Protest of President Trump’s executive order 
directing the Army Corps of Engineers to expedite 
the approval of the last permit needed for the Dakota 
Access Pipeline, St. Paul, Minnesota. (Fibonacci Blue / 
Wikimedia Commons)
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enforcement brutally suppressed these efforts, 

and the pipeline was ultimately built on this 

path (Hu, 2024). But the pipeline’s original 

route had not always put Indigenous lives at 

risk. Early proposals routed the DAPL over a 

stretch of river just north of Bismarck, North 

Dakota, an overwhelmingly white city and 

state capital (Mathewson et al., 2016). That 

community did not need to organize protests 

or attend town hall meetings to protect their 

local drinking water supplies; the U.S. Army 

Corps of Engineers rejected permits for the 

route based on an environmental assessment 

before Bismarck residents ever got involved 

(ABC News, 2016; Mathewson et al., 2016). In 

choosing to reroute the pipeline from a white 

community to an Indigenous one, developers 

shifted its risks to already disenfranchised 

Indigenous populations and revealed disparate, 

racialized valuations of these groups.

Developers may also harness corporate funding 

and influence to reinforce racial inequities, as 

seen in the Cop City case. Since the earliest days 

of modern law enforcement, Black communities 

in Atlanta have faced disproportionate policing, 

violence, and death at the hands of police (Legal 

Defense Fund, n.d.; Watts, 1973). Atlanta’s 

South River Forest was once home to a prison 

farm known for abusing Black prisoners, 

sometimes even to death (Agbebiyi et al., 2023). 

After the site was abandoned in the 1990s 

due to human rights violations, it became a 

de facto landfill and shooting range for the 

Atlanta Police Department (APD) (Spalding, 

2022). Then, the Atlanta Police Foundation 

(APF), a wealthy non-profit that funds and 

supports the APD, developed plans for Cop City, 

a sprawling police training compound equipped 

with a mock city, explosive testing sites, and 

military-style helicopters (Wendling, 2023). 

The APF receives millions in private equity and 

corporate funding from Bank of America, Coca-

Cola, and Delta Airlines, with numerous CEOs 

sitting on its boards and committees (American 

Friends Service Committee, 2023). The CEO 

of Cox Enterprises, an Atlanta-based media 

conglomerate that owns the Atlanta Journal-

Constitution, leads its fundraising (American 

Friends Service Committee, 2023). This 

web of funding and corporate partnerships, 

ranging from financial institutions to media 

powerhouses, has made Cop City (and its 

aims to expand the reach and capabilities of 

law enforcement) a reality. APF will shoulder 

$60 million of Cop City’s $90 million price 

tag, which made the project more politically 

feasible for Atlanta city council members when 

they approved it in 2021 (American Friends 

Service Committee, 2023). However, many 

Atlanta residents, particularly the city’s Black 

communities, have condemned the project as 

a means of militarizing the APD and inflicting 

further harm on overpoliced Black populations 

(Huynh, 2021). Not only does Cop City extend 

the site’s legacy of racist policing and 

Buildings and debris at the Old Atlanta Prison Farm, 
Atlanta, Georgia. (RJ / Wikimedia Commons)
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incarceration, but it also extends the racialized 

power structures that drive inequity.

In pursuing profits, infrastructure developers 

can also diminish traditions and ways of life 

in marginalized communities. To construct 

the Moses-Saunders Dam and a commercial 

seaway in the 1950s, the U.S. and Canadian 

governments flooded the land of the Indigenous 

Akwesasne people, straddling present-day 

Ontario, Québec, and New York State (Johnson-

Zafiris, 2024). These projects ensured that the 

St. Lawrence River was one of largest trade 

arteries in North America and encouraged trade 

between the two countries (U.S. Department 

of Transportation, n.d.). But the Akwesasne 

community paid the price. The dam and 

seaway displaced many and disrupted local, 

river-based livelihoods (Clamen & Macfarlane, 

2018). The concurrent influx of ships and 

polluting industries to the region has ravaged 

the local ecosystem and public health ever 

since, harming fishing, farming, and spiritual 

traditions tied to the St. Lawrence’s waters 

(Johnson-Zafiris, 2024). Meanwhile, both 

U.S. and Canadian industrial, manufacturing, 

and natural resource sectors have reaped huge 

profits from the seaway, increasing the global 

competitiveness and prosperity of these North 

American economies (Transport Canada et al., 

2007). The hydroelectric power generated by 

the Moses-Saunders dam has also supported 

manufacturing and technology development in 

the region, such as numerous cryptocurrency 

mining facilities (McGeehan, 2018). 

These commercial and technical benefits 

were accrued through the dismantling of 

Indigenous ways of life, driven by the view 

that Indigenous interests are subordinate to 

profits and national infrastructure growth. 

We see a similar picture in the case of lithium 

mining and electric vehicles, which we describe 

throughout the report; the largely Indigenous 

communities who live near lithium mines in 

South America and Australia cannot afford the 

new technologies but experience harms from 

pollution generated by the industry—harms 

that will only grow due to the global popularity 

of EVs (Frankel & Whoriskey; 2016; Mazzieri & 

Montanari, 2024; Morelli & Danielson, 2023).

Meanwhile, the extraordinary interest in SMRs 

as a solution to the uninterrupted, low-carbon 

energy needs of data centers, and by extension, 

artificial intelligence (AI) and other digital 

technologies (IEA, 2024), suggests that there 

are likely to be great incentives for both the 

industry and governments to quickly build 

SMRs. In 2024, Google signed a Master Plant 

Development Agreement with Kairos Power to 

develop a 500 MW fleet of molten salt nuclear 

reactors to power its data centers (Martucci, 

2024). Google anticipates its first reactor going 

online by 2030, and it plans more reactors by 

2035 (Patel, 2024b). Amazon has invested USD 

$500 million in Dominion Energy to explore 

small modular reactor development for its own 

Lithium mine at the Uyuni Salt Flat, Bolivia. 
(Coordenação-Geral de Observação da Terra / Flickr)
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data centers (Olick, 2024). The Silicon Valley-

based advanced nuclear startup Oklo, whose 

board chair is OpenAI founder Sam Altman, 

has entered into an agreement with data center 

developer Switch to supply 12 GW of electricity 

from its Aurora microreactor by 2044 (Camacho, 

2024; Patel, 2024c). In 

effect, large technology 

companies are offering 

lucrative lifelines to 

yet unproven SMR 

technology. Developers 

hope to take advantage 

of this excitement to 

prove their viability, 

but doing so is likely to 

require maintaining timelines and budgets 

that have so far proven unfeasible (Cho, 2023; 

Day, 2023). And while the SMR industry 

often promises community consent and self-

governance—which we discuss in further detail 

in Chapter 6—it is likely to bypass these efforts 

to enable quick infrastructure development to 

meet data center demands.

As we describe throughout this report, SMRs 

depend on the land and labor of marginalized 

communities for uranium supplies. Without 

proactive government attention, as SMRs 

become more popular, the market for uranium 

mining and milling will increase, and the 

inequitable wages and working conditions will 

continue or worsen. Furthermore, the worst 

impacts of SMRs—whether the reactor itself, 

uranium extraction infrastructure, or other fuel 

cycle facilities—are likely to be felt the most 

by historically disadvantaged communities of 

color. When we compare DAPL and Cop City, 

we see that white communities are likely to be 

protected from potentially risky infrastructure 

developments. Furthermore, the concerns 

of communities of color are less likely to be 

taken seriously. These dynamics will enable 

SMR developers to build infrastructure and 

reap financial gain, while racial and ethnic 

minorities continue to be disempowered.

Overall, the emerging SMR industry is 

likely to encourage developers to prioritize 

profit while undercutting its promises of 

safety, climate change mitigation, equity 

in energy distribution, and community-

based governance. The SMR industry will 

seek out markets that maximize financial 

returns. Its profit motivations will promote 

asymmetric and inequitable distribution 

of energy resources, exacerbating resource 

inequities in marginalized communities and 

enabling wealth concentration in SMR industry 

executives. These markets could also be 

extractive, polluting, and otherwise harmful to 

the environment and people—especially people 

of color. Yet at the same time, regulators are 

likely to defer to industry needs in the name 

of the public interest, and because they lack 

the financial resources and expertise to provide 

much scrutiny.

The emerging SMR industry is likely to 
encourage developers to prioritize profit 
while undercutting its promises of safety, 
climate change mitigation, equity in 
energy distribution, and community-based 
governance.
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Chapter 4: Overlooking 
Local and Indigenous 
Knowledge
KEY TAKEAWAYS:

	z Tech-solutionism—the idea that a single technology, such as SMRs, can solve a “wicked” 
problem—will exacerbate social alienation among marginalized communities.

	z However, this social alienation and related harms will be hidden.

	z When the knowledge of marginalized communities conflicts with tech-solutionism, the 
technology will win. 

	z SMR expansion will extend settler colonialism through its hunger for uranium mining and 
milling.

	z SMR developers are likely to devalue Indigenous knowledge, even though it offers important 
pathways to environmental sustainability.

	z Proactive measures can help SMR developers respect local and Indigenous knowledge.

Governments, the private sector, and technical 

experts share great excitement about the 

potential of small modular reactors (SMR) to 

produce large amounts of energy with little 

harm to the climate, while resolving the 

problems—including accidents, waste, cost, 

public opposition, and weapons proliferation—

that have plagued its conventional counterpart. 

In other words, they view it as a technological 

solution to a multi-faceted “wicked” problem. 

This is quite attractive. After all, it seems that 

simply investing in SMRs can produce social, 

economic, technological, and environmental 

progress. Throughout this report, we describe 

how the consequences of SMRs are likely to be 

far more complex and explore the geopolitical, 

economic, and environmental impacts. In 

this chapter, we focus on how the “tech fix” 

narrative regarding SMRs is likely to further 

devalue marginalized communities and their 

knowledge, including by extending settler 

colonialist practices.
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TECH-SOLUTIONISM 
WILL ALIENATE 
MARGINALIZED 
COMMUNITIES
Our analogical case studies suggest that 

when societies view technologies like SMRs 

as seemingly straightforward technological 

solutions, they tend to ignore or dismiss harms 

that the technology poses to marginalized 

communities. As a result, these communities 

become further marginalized—without much 

public attention or outcry. Consider large 

language models (LLMs), the subject of our 

2022 Technology Assessment Project report 

(Okerlund et al., 2022). LLMs are a type of 

machine learning used to summarize, translate, 

predict, and generate human language using 

large text-based datasets. Since we wrote 

the report, LLMs have been introduced to the 

global market; taken up in an array of fields, 

including education, criminal justice, science, 

and medicine; and are increasingly used to 

replace human decisionmaking (Altamimi, 

2024; Biswas, 2023; Dement & Inglis, 2024). 

Technologists view LLMs as a convenient 

and accurate way to access and interpret 

information and complete tasks (Hardy, 2023; 

Shone, 2024). In other words, like SMRs, LLMs 

have been framed as a “tech fix” for problems 

of inefficiency and inaccuracy (Dexian, 2024). 

Interestingly, they are also being proposed for 

use in the nuclear industry (Azhar, 2024; Fleet, 

2024; IAEA, 2022a). 

Yet, as our 2022 report predicted, LLMs draw 

from existing texts—primarily in English—

that often contain inaccurate and biased 

information and remake these biases with each 

new application and output (Hofmann et al., 

2024; Turk, 2023). Marginalized communities, 

for example, are mis- or unrepresented in 

these texts. Users know very little, if anything, 

about how an LLM produces its output, so 

these biases are invariably hidden. This has 

triggered multiple studies trying to understand 

and fix LLM bias (Gallegos, 2024; Raj et al., 

2024; Yogarajan et al., 2025) as well as efforts 

to try to balance the proliferation of English-

language LLMs with counterparts based in 

other languages (Dave, 2023; Sharma, 2023). 

But these efforts are ad hoc, and there is 

virtually no regulatory oversight anywhere 

in the world. As a result, it will likely be up 

to these communities themselves to raise 

concerns, but their concerns may not be taken 

seriously because of their less-privileged social 

position (Charette, 2018; Pierson, 2023; Roose, 

2024; Wells, 2023). Furthermore, developers 

may respond that this is an acceptable error 

associated with the better overall future tied 

to the new technology solution.

Cochlear implants (CIs) also illustrate how 

“tech fixes” can erode support for marginalized 

communities and further alienate them. CIs are 

an implanted neuroprosthetic that interprets 

electrical signals as sound, including speech, 

Cochlear ear implant with accessories, 1999.   
(Wellcome Collection / Wikimedia Commons)
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for deaf users (Macherey & Carlyon, 2014). 

Yet despite popular assumptions, CIs do not 

give users the same aural capacities as those 

with natural hearing, and patients spend 

months and even years learning to navigate 

and interpret signals (Tyler & Summerfield, 

1996). Deaf organizations and schools are 

thus important support systems for the deaf 

community. However, treating CIs as the 

solution to deafness has threatened funding 

for other deaf-focused entities and access 

to resources including translators, language 

learning programs, and even schools (Tucker, 

1998). It also limits the support available for 

deaf individuals who cannot or do not choose 

to use CIs, further marginalizing these groups 

(Cooper, 2019). Promoting CIs as a cure for 

deafness is not only inaccurate but also has 

a cascade of negative implications for the 

deaf community, who value and need other 

resources beyond this “miracle” technology.  

In the form of built infrastructure, tech-

solutionism can literally divide already 

disenfranchised communities. The Federal-Aid 

Highway Act of 1956 led to the construction 

of over 41,000 miles of highway across the 

United States (Weingroff, 1996). The federal 

government aimed to connect growing 

American communities and modernize the 

nation’s commerce, travel, and national 

security (Weingroff, 1996). But low-income 

and predominantly-Black neighborhoods 

were treated as acceptable collateral damage, 

as building the highways prompted the 

demolition of homes, businesses, and 

gathering places and fragmented communities 

(Coombs, 2022). Today, these residents still 

face immense social and cultural losses, 

economic disenfranchisement, and increased 

chronic illnesses tied to highway development 

and related air pollution (Coombs, 2022). The 

government framed highways as a necessary 

tool for American post-war prosperity, 

but in reality the new highways benefitted 

white, wealthy car owners and suburbanites 

while making it impossible for marginalized 

people to maintain their own communities  

(Mahajan, 2024).  

Taken together, the LLM, CI, and highway 

cases demonstrate how enticing technological 

solutions invariably have a hidden dark side for 

marginalized communities. While this garners 

minimal attention, particularly in the face of 

enormous hype, it has lasting consequences.

President Dwight D. Eisenhower at a ribbon cutting 
ceremony marking the opening of a new extension 
of the George Washington Memorial Parkway. (White 
House Albums)
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SMR DEVELOPMENT 
WILL DEVALUE 
KNOWLEDGE OF 
MARGINALIZED 
COMMUNITIES
The harms described above often occur because 

those promoting technological solutions reject 

knowledge that is rooted in communities’ lived 

or occupational experience. Consider Borlaug 

wheat, developed by American agronomist 

Norman Borlaug in the 1960s to solve the Indian 

famine (Public Broadcasting Service, 2020b). 

Funded by the Rockefeller Foundation and the 

Mexican government, Borlaug designed the 

strain to be more pest- and disease- resistant 

and to produce higher crop yields (Nature 

India, 2009). Borlaug also promoted expensive 

fertilizers, and his new wheat crops were water 

intensive (Center for Food Safety, 2014). In 

1966, India imported 18,000 tons of his wheat 

seeds, and the traditional story is that, along 

with the increased use of fertilizers, it bolstered 

crop production and helped feed millions who 

might have otherwise gone hungry (Nature 

India, 2009). However, these new technologies 

pushed Indian farmers away from traditional 

practices including crop rotation and field 

fallowing, which help soil regenerate nutrients 

to avoid degradation (Mohan et al., 1973). 

Further, while high crop yields enabled India 

to become a food exporter by the 1970s, its new 

focus on exportation reduced crop diversity and 

therefore led the country away from natural 

methods of pest and disease resilience (Abel, 

1970). This has led to a regular decline in crop 

yields and quality, even today (Eliazer Nelson et 

al., 2019). To many, Borlaug wheat is the spark 

that ignited the Green Revolution, the 20th 

century agricultural movement that increased 

global food production and reduced hunger 

(Spanne, 2021). Yet in retrospect, its good 

intentions have created a reliance on harmful 

agricultural chemicals and reduced biodiversity 

and the use of local farming techniques (John 

& Babu, 2021; Stone, 2022). Because Borlaug 

wheat was deemed a life-saving “tech-fix” for 

hunger by Western scientists, similar strains of 

high-yield crops sprung up around the world 

without community input and with similar 

ecological harms (Vidal, 2014).  

Half a century later and half a world away, the 

controversy over the Dakota Access Pipeline 

(DAPL) shows how community knowledge is 

devalued even when it appears to be seriously 

considered. Announced to the public in 2014, 

DAPL was designed by developer Energy 

Transfer Partners (ETP) to transport crude 

oil over 1,000 miles across the midwestern 

United States. In the process, it would cross 

the Standing Rock and Cheyenne River Sioux 

Native American reservations. In a 2014 

meeting with ETP’s vice president, Standing 

Rock representatives made clear that they 

steadfastly opposed the project, arguing that 

its route beneath a nearby reservoir would 

threaten their drinking water supply and 

disturb culturally-significant and sacred land 

(Hersher, 2017; Thoet, 2016). But ETP continued 

its effort, claiming the pipeline would be one of 

the safest and most technologically advanced 

pipelines in the world (Dakota Access Pipeline, 

n.d.; National Museum of the American 

Indian, n.d.). Before permitting construction, 

the U.S. Army Corps of Engineers conducted 

several rounds of environmental and cultural 

assessments and held consultations with local 

communities and tribes to address concerns 

(Lowenstein, 2017). However, the Standing Rock 

Sioux Tribe argued that the government had 
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structured its assessment to define culturally 

significant land narrowly, minimizing their 

spiritual and historical connection to it and 

excluding serious consideration of health and 

environmental impacts, including water quality 

(Hersher, 2017; Lowenstein, 2017; Ravitz, 2016; 

Thoet, 2016). The pipeline became operational 

in 2017 after the Trump administration 

canceled a more comprehensive environmental 

impact assessment to expedite construction. 

Ultimately, the Army Corps of Engineers’ 

limited impact evaluations were treated as 

sufficient measures of risk because of the 

Corps’ technical expertise, but the assessments 

have had profound impacts on local health and 

safety. The pipeline has leaked at least five 

times, and the largest of these spills required 

the remediation of contaminated soil near the 

pipeline’s endpoint in Pakota, Illinois (Brown, 

2018; Guha, 2023). 

Ignoring community knowledge doesn’t just 

trigger adverse environmental outcomes. It 

also produces public distrust and political 

instability. Atlanta officials disregarded local 

communities’ experiences of environmental 

and racial inequity in ceding green space to 

create the Atlanta Public Safety Training Center, 

or “Cop City.” Locals have long petitioned for 

the land in Atlanta’s South River Forest to 

become a park (Center for Civic Innovation, 

2023; Huynh, 2021). Access to green spaces is 

highly segregated across Atlanta, and Black 

residents are disproportionately exposed to 

the health impacts of extreme heat, flooding, 

and air pollution (Agbebiyi et al., 2023; Van 

Dam & Brink, 2021). Predominantly Black 

communities living around the proposed Cop 

City site—which has transformed from a 

notoriously abusive prison farm to a landfill 

in recent years—have sought to remediate 

it to increase access to green space and its 

health benefits since the 1990s (Agbebiyi et al., 

2023; Van Dam & Brink, 2021). Atlanta’s Black 

residents have also endured a long history of 

police brutality and racialized violence, and 

many called attention to the role that Cop 

City would play in exacerbating these harms 

by further militarizing local law enforcement 

(Rojas, 2023; Shahshahani, 2023; Slotkin, 

2020). Despite repeated efforts to bring this 

knowledge to the attention of decisionmakers, 

city officials approved the project in 2017 in 

the name of community betterment (Thigpen, 

2023). The Atlanta Police Foundation, the non-

profit organization that funds much of Cop City, 

has stated that the initiative will emphasize 

community knowledge, cultural awareness, 

and environmental stewardship (Atlanta Police 

Foundation, n.d.; Moving Atlanta Forward, 

n.d.). But given how their experiences have 

already been dismissed, residents are deeply 

skeptical (Dixon & Wheatley, 2023).  

Protesters marching in Minneapolis remember Manuel 
Esteban Paez Terán (Tortuguita), who was shot and 
killed by officers at a prolonged protest in an Atlanta 
forest. (Wikimedia Commons)
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Technical projects that center on community 

knowledge are more resilient. For decades, 

communities in the southwest Indian state of 

Maharashtra faced droughts and inequitable 

water distribution, with political elites 

controlling irrigation systems to benefit 

lucrative cash crop industries (Morrison, 

2010). In response, a political organization 

called the Mukti Sangharsh Chalval (MSC or 

Struggle for Liberation Movement) mobilized 

for regional water redistribution and organized 

the Baliraja community dam project in 1984 

(Rout, 2009). Seeking to place community 

knowledge of water needs and environmental 

conditions at the forefront of the dam’s 

design, MSC surveyed local families about 

water conditions before creating a citizen 

council of village representatives on drought 

eradication (Phadke, 2002). The council 

enlisted a Mumbai-based engineering firm to 

construct the dam and lead local environmental 

remediation efforts, including reforestation to 

curb riverbed erosion, based on their vision—

rather than the specifications of technical 

experts and politicians (Phadke, 2002). 

Here, technical assistance was governed by 

community knowledge. Instead of favoring 

the water-intensive but profitable cash crop 

industry, the Baliraja Dam’s developers created 

infrastructure that gave priority to local water 

needs and environmental conditions (Phadke, 

2002). As a result of the Baliraja’s community-

centered design and governance, local water 

access in the region remains resilient to droughts 

and responsive to changes in local needs. 

Similarly, the history of HIV and AIDS activism 

shows how both institutional legitimacy 

and marginalized groups can benefit from 

the incorporation of grassroots knowledge. 

Throughout the 1980s, the number of HIV/AIDS 

cases and deaths rose rapidly across the United 

States, with the disease disproportionately 

affecting gay men and women of color 

(Greene, 2007; Tillerson, 2008). But even as 

epidemiologists recognized the severity of the 

new epidemic, political leaders and research 

agencies did little in response (Lopez, 2015; 

McCarthy, 2019). In addition, the Food and 

Drug Administration (FDA), which had more 

stringent pharmaceutical regulations than most 

other countries at the time, became a barrier to 

treatment as it insisted on rigorous testing and 

“gold standard” clinical trials (Epstein, 1998; 

Rodraza, 1993). Grassroots activists, many of 

whom belonged to the queer community and 

suffered from AIDS themselves or lost friends 

and family to the disease, formed the AIDS 

Coalition to Unleash Power (ACT UP) to protest 

the government’s inaction and intransigence 

(Schulman & Ciesemier, 2023). They argued 

1970s AIDS activist lapel badge. (Michael James Papers / 
Hall-Carpenter Archives)
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that these rigid clinical trial guidelines 

prevented dying patients from getting the 

help they needed and demanded that the FDA 

shorten drug approval processes, stop giving 

suffering patients placebo drugs in studies, 

and make clinical trials more representative 

of the diverse populations impacted by AIDS 

(Crimp, 2011). By 1987, the FDA had created 

new accelerated approval regulations for life-

saving drugs including 

AIDS treatments, giving 

sick patients access to 

promising experimental 

drugs outside clinical 

trials and demonstrating 

deference to community 

knowledge and concerns 

in the testing of new 

drugs (Food and Drug 

Administration, 2019). 

These changes saved thousands of lives during 

the AIDS epidemic and also demonstrated that 

the FDA could be responsive to public needs.

The Cop City and DAPL cases show that when 

developers disregard community knowledge 

and values, not only does political instability 

and unrest follow, but the decisions are also 

less informed, and communities face further 

harm. However, the AIDS and Baliraja Dam 

cases demonstrate that bottom-up efforts can 

succeed, producing better and more responsible 

decisions, more engaged communities, and 

more respected institutions. 

While citizens may lack the technical expertise 

of SMR developers or reactor operators, they 

have deep local knowledge of technologies, 

like nuclear power, that affect their health, 

safety, and autonomy (Lovering & Baker, 2021). 

However, the nuclear industry has historically 

treated community opposition as ignorance and 

responds by emphasizing the low likelihood 

of accidents, recent strides in plant safety, 

and nuclear’s low-carbon energy production 

(Lovering & Baker, 2021; U.S. DOE-NE, 2022a; 

WNA, 2024). This approach fails to address 

why communities might mistrust nuclear 

technology and leads to projects that diminish 

local insights instead of incorporating them 

into planning and governance. Although SMR 

developers promise to engage communities 

more expansively and respectfully, our 

analogical case studies suggest that this 

will be difficult to accomplish, especially 

when community knowledge and decisions 

conflict with scientific risk assessments 

and tech-solutionist rhetoric. However, to 

create technology that truly benefits local 

communities and addresses past harms, 

they cannot just rely on technical expertise. 

Nor can they create a narrow scope for 

community consent. Instead, they must ground 

design, siting, and governance in community 

knowledge, developing true partnerships to 

create multi-faceted energy futures.

To create technology that truly benefits local 
communities and addresses past harms, 
SMR developers cannot just rely on technical 
expertise. They must ground design, siting, 
and governance in community knowledge, 
developing true partnerships to create multi-
faceted energy futures.
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SMRS WILL REINFORCE 
SETTLER COLONIALISM  
This devaluation of local, and particularly 

Indigenous, knowledge is part of the legacy of 

settler colonialism, the extension of power by 

taking over Indigenous lands for the purpose 

of resource extraction and settlement. For 

centuries, countries around the world have 

forced Indigenous (including Native American, 

First Nations, and Aboriginal) populations to 

leave their land in the name of modernization 

and national prosperity (Larkin, 2013; Son, 

2018). Colonists destroyed Indigenous peoples’ 

knowledge of and relationship with the land, 

viewing it as useless—even dangerous—

in comparison to technical knowledge that 

enabled colonists’ accumulation of power and 

wealth. Early settlers in the United States 

decimated forests that Indigenous populations 

used for food, shelter, and spiritual practices in 

order to build homes, civil infrastructure, and 

clear land for slave plantations that supported 

the colonial economy (Anderson, 2022). 

In Australia, settlers displaced (and often 

murdered) Aboriginal populations and seized 

their land to create a mining economy that 

enabled rapid growth of the white population 

(Howlett & Lawrence, 2019). Legal frameworks 

empowered these activities, authorizing, even 

encouraging, settlers to live, build on, and 

extract resources from Indigenous territories 

while giving Indigenous populations little to 

no land rights (Howlett & Lawrence, 2019). 

These practices continue today, significantly 

harming Indigenous communities, as they 

have long, spiritual connections to their lands 

that are integrated into their daily lives. They 

must begin again in a new location or manage 

with degraded lands that puts their lives at 

risk. Indigenous populations thus become 

“acceptable” collateral damage for progress, 

a harmful dynamic which has persisted 

historically under the belief that Indigenous 

populations are inferior and in need of 

“civilization” from controlling colonial powers 

(Mignolo, 2006).   

As we have noted throughout the report, much 

of today’s “green” infrastructure depends 

on lithium mining on Indigenous lands 

in Australia and South America’s Atacama 

Plateau. Electric vehicles (EVs) are powered 

by lithium ion batteries and celebrated by 

technologists and policymakers as a key 

component of many national decarbonization 

plans (IEA, n.d.). They are framed as an 

innovative tool for the transportation sectors 

of Europe and North America, a technology 

that will make these societies more resilient to 

climate change (Wingender et al., 2024; World 

Resources Institute, 2024). But by encouraging 

EV development, technical and political 

leaders, inadvertently, perhaps, reinforce the 

Train, Salar de Ascotán, Chile (2016). (Diego Delso / 
Wikimedia Commons)
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decimation of Indigenous land and resources 

for the benefit of colonial societies. In South 

America’s Atacama Plateau, lithium mined from 

the plateau’s salt flats has drained the region 

of water, displaced Indigenous communities, 

and reduced biodiversity (Greenfield, 2022). In 

Australia, lithium mining on Indigenous land 

requires crushing and heating rocks, a practice 

which produces tailings that can contaminate 

nearby water systems and soil if not properly 

disposed of (Gabay, 2024; Kurmelovs, 2022). 

Meanwhile, Indigenous populations often 

cannot afford EVs themselves, resulting in 

a failure to distribute technological benefits 

of harmful resource extraction to affected 

communities (Greenfield, 2022). These 

harms are integral to EV development and 

largely obscured in EVs’ positioning as crucial 

infrastructure for wealthy societies and  

world powers. 

Developers and governments justify the 

continued subjugation of communities by 

labeling them as “blighted,” even when 

settler colonial states purposefully foster 

poor living conditions. Indigenous boarding 

schools, used largely in the U.S., Canada, 

and Australia in the 19th and 20th centuries, 

built on the settler-driven murder and land 

theft enabled by previous colonial policies to 

frame indigeneity as backwards, dangerously 

ignorant, and needing an external savior to 

civilize them (Jacobs, 2006; Woolford, 2015). 

This justified hundreds of government-funded 

and often church-run boarding schools to 

forcibly remove Indigenous children from their 

homes and send them to distant schools where 

they were punished for speaking Indigenous 

languages, barred from wearing Indigenous 

clothing and hairstyles, and taught to practice 

Christianity and speak English (The National 

Native American Boarding School Healing 

Coalition, 2020; Smith, 2009). In some cases, 

Indigenous families elected to send their 

children to boarding schools voluntarily under 

the belief that they provided stability and 

opportunity not available on reservations, but 

parents were often forced to give up custody 

of their children in exchange (Levitt et al., 

2023). In reality, these schools barely provided 

education, instead training Indigenous children 

in domestic work and manual labor for white 

households and farms (Jacobs, 2006; Smith, 

2009). Disease and emotional, physical, and 

sexual abuse ran rampant, leading to the deaths 

of thousands of children. But these horrors 

received little attention from administrators 

and government officials who viewed them 

as “civilizing” institutions (Equal Justice 

Initiative, 2024; Kavi, 2024; Smith, 2004). 

Boarding schools fragmented communities 

in order to extend Indigenous land, resource, 

The Indian School of Albuquerque was established 
in 1881 to provide off-reservation training to Native 
American students from the American Southwest, 
Duranes, New Mexico. (National Archives and Records 
Administration)
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and labor exploitation, a cycle which has led 

to disenfranchisement and poverty among 

Indigenous populations (Cooper, 2024; 

Cornell, 2008; Hedgpeth & Horwitz, 2024). 

These schools left many children with greater 

instances of mental health disorders, substance 

abuse, and suicide in adulthood, exacerbating  

already high levels of these negative outcomes 

in Indigenous communities (Sebwenna-Painter 

et al., 2023; Smith, 2004).  

Settler colonial violence is also extended 

when developers and governments shut 

down protests against risky infrastructure on 

Indigenous lands. The U.S. government has 

a long history of violating land treaties with 

Native American nations, a strategy that has 

sustained the growth of colonial settlements 

and use of Indigenous land (Pruitt, 2020). 

The Standing Rock and Cheyenne River Sioux 

Tribes argue that the DAPL crude oil pipeline 

violates Article II of the Fort Laramie Treaty of 

1868, which guarantees the Indigenous right to 

undisturbed use and occupation of reservation 

land (Guha, 2023; Treaty of Fort Laramie, 

1868). The tribes mobilized a youth relay run 

and march from Standing Rock to Washington, 

D.C., horseback rides, and an encampment on 

the Standing Rock Reservation to call attention 

to the issue (National Museum of the American 

Indian, n.d.). But the government responded 

violently to tribes who asserted their rights and 

argued that DAPL threatened their drinking 

water supplies and sacred lands. Local law 

enforcement and private security forces used 

water cannons, attack dogs, rubber bullets, tear 

gas, and drones against crowds protesting on 

their own land (Hu, 2024; Parrish & Levin, 

2018). Developers and federal officials said 

these protests obstructed national security 

and energy needs, rhetoric consistently used by 

settler colonial governments historically to quell 

dissent, justify violence, and build infrastructure 

(American Social History Project, n.d.; National 

Museum of the American Indian, n.d.). 

SMRs will likely reinforce this history of 

settler colonialism, particularly as the 

hunger for uranium grows. Approximately 

70% of global uranium deposits are located 

on Native land, and the uranium mining 

industry has disproportionately sickened 

Indigenous communities and ecosystems as 

a result (Gould, 2022; Graetz, 2015). This has 

increased the rates of asthma, cancer, and 

kidney damage, as well as soil erosion and 

landslides (Banu et al., 2022; Gould, 2022). 

Further, uranium mining has done little to 

create lasting wealth and enhanced quality 

of life for these communities (Gould, 2022; 

Leyton-Flor et al., 2024; Robbins, 2024). To 

meet SMR demands, the nuclear industry is 

Stand With Standing Rock protest, November 2016, 
San Francisco. (Pax Ahimsa Gethen / Flickr)
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likely to infringe further on Indigenous land 

and violate land treaties to support its growth. 

Further, as described in the lithium mining 

case, framing SMR as a necessary technology 

for more resilient and prosperous societies will 

obscure harms felt by Indigenous communities. 

This framing will also open these communities 

up to violent suppression, as the DAPL case 

exemplifies, particularly when Indigenous 

interests are viewed as contradictory to broader 

national interests. SMR developers vow to 

remediate past harms and rebuild trust with 

Indigenous populations, but the growth of 

SMR is dependent on gaining access to more 

uranium and by extension, more Indigenous 

land (NO RUSSIA Act of 2022; Yousif, 2024). 

Both the DAPL and boarding school cases 

show how past policies of Indigenous land 

degradation and theft are used to justify 

today’s injustices. Today, these communities 

are seen as blighted and in greater need of the 

mining industry’s alleged jobs and economic 

stability, which is used as justification for their 

exposure to greater risk in the form of uranium 

mining. However, these cases also show that 

the promised benefits may not be realized and 

will likely extend structural inequality.

SMRS WILL DEVALUE 
INDIGENOUS 
KNOWLEDGE
By destroying Indigenous sovereignty and 

lands, settler colonialism also weakens 

the power of Indigenous knowledge. Over 

generations, Indigenous peoples have 

developed shared traditions, experiences, 

beliefs, and understandings of the land that 

have enabled, for example, deep understanding 

of the environment and its patterns and how 

to use natural resources to sustain life while 

replenishing it to maintain balanced and 

healthy ecosystems (Avalos, 2020; Global 

Climate and Health Alliance, 2023). They 

view the land as alive, sacred, and connected 

to the human spirit (Beltran & Uchoa, 2024; 

Martin, 2012). Settler colonialism has not just 

decimated Indigenous culture, but ecosystems 

have suffered as a result (Jessen et al., 2021). 

After all, this sense of mutual nourishment and 

spirituality is antithetical to settler-colonial 

and capitalistic relationships to land, which 

rely on resource extraction to maximize profits 

and expand spheres of influence (Curley, 2021; 

Son, 2018). We expect that as SMRs extend 

settler colonialism, they will also continue to 

harm Indigenous communities by devaluing 

their knowledge. 

Consider the case of salmon fishing in the 

Pacific Northwest and present-day Alaska, 

where Indigenous peoples have sustainably 

harvested salmon for thousands of years. 

They tend to focus on smaller salmon harvests 

along rivers rather than fishing in the ocean, 

which helps minimize “bycatch”—the 

incidental capture of non-target organisms—

and therefore maintain aquatic biodiversity 

Native women clean salmon, Alaska, circa 1905. 
(University of Washington: Special Collections)
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(Atlas et al., 2021). Based on their knowledge 

of the land and sea, they have also developed 

special fishing technologies that easily release 

non-target species and account for local 

migration patterns and tides (Atlas et al., 2021). 

Salmon populations and fishing traditions 

feed Indigenous communities, but they also 

maintain local cultural identities and creation 

stories (Atlas et al., 2021). However, despite 

this tradition of sustainable fishing, Indigenous 

Yup’ik and Athabascan villages along the Yukon 

and Kuskokwim Rivers of present-day Alaska 

have seen declining salmon harvests in recent 

years because of industrial fishing techniques 

(Carothers, 2023). To achieve efficiency, 

these fisheries use large nets that catch and 

dispose of over 600,000 chum salmon and 

other bycatch each year, which greatly limits 

not just salmon populations but biodiversity 

overall in connected rivers (Carothers, 2023). 

These commercial overfishing practices, 

combined with no federal bycatch limits on 

chum salmon, undermine thousands of years of 

Indigenous knowledge that emphasizes respect 

for ecological balance. As a result, Indigenous 

communities struggle to uphold their fishing 

traditions and maintain food sovereignty, and 

broader ecosystems are sicker (Carothers, 2023). 

Similarly, Indigenous peoples around the world 

have developed fire management traditions 

that are extremely effective. This includes 

prescribed burns (small and strategically-

placed forest fires) to combat large uncontrolled 

fires and promote new plant growth (Buono, 

2020). Local knowledge about biodiversity, 

crop management, and wind patterns inform 

these burns, which are embedded in the 

cultural traditions of practicing tribes. For 

example, the Yurok Tribe, based in present-day 

Northern California, uses fire to strengthen and 

straighten hazel branches which are then woven 

into traditional baby baskets (Buono, 2020). 

However, settler fire management policies in 

the United States have historically embraced 

the suppression of all types of fires, a practice 

that increased natural fuel accumulation and 

made wildfires more severe (Buono, 2020; 

Krieder et al., 2024). In fact, Indigenous 

burning practices were criminalized in the 

United States, with one 1850 California state 

law making it legal to shoot Indigenous peoples 

for practicing prescribed burns until the 1930s 

(Attebery, 2024). Yet as global temperatures 

rise and wildfires become more frequent, the 

U.S. Forest Service and Department of the 

Interior (the government agencies responsible 

for the country’s fire management services) 

have begun to recognize the invaluable role 

of Indigenous burning practices in curbing 

wildfires (Buono, 2020; National Park Service, 

n.d.). They have provided funding support 

to the Indigenous Peoples Burning Network 

(IPBN), an Indigenous-led organization 

that seeks to revitalize traditional burning 

techniques and foster more resilient fire 

management throughout the United States 

(Indigenous Peoples Burning Network, n.d.). 

Through workshops and other forms of 

outreach, IPBN trains Indigenous communities 

in burning traditions across the United States. 

The U.S. government has expressed its intent 

to integrate these indigenous fire management 

traditions into its policies, representing a 

rare case of Indigenous knowledge becoming 

steadily integrated into federal policies after 

many years of repression (Buono, 2020).

Without similar deliberate efforts from 

developers and governments, we expect SMRs 

to continue the most extractive aspects of 

settler colonialism. While developers argue that 
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the new technology will be an opportunity to 

repair relations with Indigenous communities, 

this will be extremely difficult as demand for 

uranium mining, which takes places primarily 

on Indigenous lands in the United States, 

Canada, and Australia, increases (Graetz, 

2015). Sustainable fishing and prescribed 

burn practices illustrate how maintaining 

Indigenous knowledge is important not only 

as a demonstration of respect for autonomy 

but also because it can have enormous 

environmental benefits. In order to achieve 

such benefits, developers will need to unlearn 

dominant extractive resource practices, support 

the creation of organizations like the IPBN 

and heed their recommendations, and also be 

willing to stop expansion (including uranium 

mining and milling) when it conflicts with 

Indigenous knowledge.

SMR developers argue that their new technology 

is well-positioned to solve not just the world’s 

growing energy needs but also the problems 

that plague conventional nuclear reactors. 

At the same time, some have expressed the 

importance of building public trust through 

democratic decisionmaking and deeper 

engagement with community experiences, 

responding to frustrations that the nuclear 

energy industry has traditionally sidelined, 

such as local concerns regarding reactor design, 

siting, and governance 

as well as uranium 

mining and milling 

(Lovering & Baker, 

2021). Throughout this 

chapter, we have argued 

that achieving these goals 

will require developers 

and governments to contend with at least two 

challenges. First, treating SMRs as a simple 

technological solution will obscure harms to 

marginalized communities, while devaluing 

their knowledge in the process. Second, SMRs—

like conventional nuclear—are likely to extend 

a legacy of settler colonialism based on resource 

extraction on Indigenous lands and rejecting 

valuable Indigenous knowledge. To address 

these challenges, both governments and 

developers must develop frameworks to ensure 

that the voices of marginalized communities 

are heard and respected throughout the nuclear 

fuel cycle. In the long run, these measures will 

improve environmental sustainability, social 

equity, and public trust. 

Treating SMRs as a simple technological 
solution will obscure harms to marginalized 
communities, while devaluing their knowledge 
in the process.
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KEY TAKEAWAYS:

	z SMRs will paradoxically exacerbate environmental damage in the name of mitigating the 
effects of climate change.

	z The co-location of SMRs and industry will disproportionately harm the land and health of 
marginalized communities.

	z Communities in proximity to extractive industrial activities along the nuclear fuel cycle will 
experience greater resource exploitation and related environmental risks.

	z In the event of catastrophe, vulnerable populations will be affected the most.

	z Marginalized communities will have few protections against environmental harms and be left 
to advocate for their own health needs.

	z Dissent or resistance against nuclear energy may be criminalized.

	z Despite promises of energy abundance, marginalized communities are likely to lack energy 
access.

Chapter 5: Intensifying 
Environmental Injustices

Advanced nuclear reactors such as small 

modular reactors (SMR) promise to be an ideal 

alternative to fossil fuels and conventional 

nuclear energy, offering a flexible and reliable 

source of low-carbon electricity. However, 

SMRs, like many technologies marketed as 

solutions to complex societal, environmental, 

and political crises, will produce downstream 

consequences. SMRs will introduce and 

exacerbate direct and indirect environmental 

harms that complicate the justification for 

using them to mitigate climate change.

Some environmental challenges are not unique 

to advanced nuclear energy. For example, 

as with conventional nuclear power, many 

SMRs rely on uranium fuel. Despite relatively 

improved mining methods and claims of more 

SMRs will introduce and 
exacerbate direct and indirect 
environmental harms that 
complicate the justification  
for using them to mitigate 
climate change.
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efficient fuel utilization in SMRs, the continued 

or even expanded mining and processing of 

uranium will pose ongoing environmental risks 

associated with uranium extraction (Becker et 

al., 2020). This is similarly the case for water 

use and thermal pollution (Sustainability 

Directory, 2025). Even waste storage and 

disposal, despite being highly regulated, 

pose environmental justice challenges and 

environmental risks if the waste is not safely 

managed and isolated (Höffken & Ramana, 

2024). To complicate the picture, advanced 

nuclear reactors introduce unique forms of 

high-level radioactive waste and end-of-life 

considerations, creating new technical and 

regulatory dimensions for waste management 

and decommissioning (Corkhill et al., 2025; 

Cothron & Koshgarian, 2024; Liou, 2023), even 

if these are not expected to fundamentally alter 

existing waste management challenges (Blue 

Ribbon Commission on America’s Nuclear 

Future, 2012). And environmental implications 

extend beyond the nuclear sector—the prospect 

of abundant, stable energy and the production 

of high process heat makes SMRs especially 

attractive to heavy industry, in turn driving 

additional potential harms including local 

natural resource extraction, land degradation, 

and air and water pollution (Ludwig, 2024). 

The tech industry is recently increasingly 

investing in SMRs to power its growing number 

of data centers for Artificial Intelligence 

(AI) and other digital technologies, thus 

exacerbating environmental impacts to land 

and water (Amazon, 2024; Google, 2024; Rogin  

et al., 2025).

As with other infrastructure developments, 

these impacts are likely to be unevenly 

distributed, disproportionately impacting low-

income, minoritized, and Indigenous groups 

across the world. Efforts to transition former 

coal towns into nuclear communities introduce 

unique environmental risks, as these regions 

are already burdened by ecological damage 

caused by coal extraction and processing 

(U.S. DOE-NE, 2024a; Donovan, 2023). The 

hunger for uranium will likely increase, 

putting pressure on Indigenous lands already 

contending with a legacy of environmental 

and human harms from nuclear ventures 

(Gould, 2024; Graetz, 2015). Acknowledging 

and proactively addressing these consequences 

As with other infrastructure 
developments, these impacts  
are likely to be unevenly 
distributed, disproportionately 
impacting low-income, 
minoritized, and Indigenous 
groups across the world.

Aerial view of Google data center, Council Bluffs, Iowa.  
(Wikimedia Commons)

PDF: Click to 
return to top
PDF: Click to 
return to top

https://commons.wikimedia.org/wiki/File:Google_Data_Center,_Council_Bluffs_Iowa_(49062863796).jpg


89UNIVERSITY OF MICHIGAN TECHNOLOGY ASSESSMENT PROJECT 2025

THE REACTOR AROUND THE CORNER | UNDERSTANDING ADVANCED NUCLEAR ENERGY FUTURES
C hapter       5 :  Intens      i f y i ng   E nv  i ronmental         Inj   u st  i ces 

are key to ensuring that SMRs can effectively 

contribute to carbon reduction goals while not 

compromising environmental sustainability 

and disproportionately burdening already 

marginalized populations.

SMRS WILL 
EXACERBATE 
ENVIRONMENTAL 
HARMS WHILE 
CLAIMING TO MITIGATE 
CLIMATE CHANGE
Proponents usually describe SMRs as 

environmentally friendly because of their 

potential to reduce greenhouse gas emissions 

(Government of Canada, 2024; Holtec 

International, 2024; Sahlman et al., 2012). 

Beyond back-end concerns of the nuclear 

fuel cycle such as the management of spent 

nuclear fuel, climate-focused narratives 

overlook the environmental harms caused by 

the under-regulated industries enabled by 

SMRs. For instance, nuclear reactor developer 

X-Energy has agreed to deploy a reactor at 

Dow Chemical’s Texas SeaDrift plant (Dow 

Chemical, 2023). However, Dow Chemical is 

the biggest source of toxic pollution in Texas’s 

Brazos Watershed, and the Seadrift plant in 

particular has a record of violating discharge 

permits by letting plastic pellets and other 

waste seep into a nearby canal (Erdensanaa, 

2023; Venable, 2020). Meanwhile, SMR 

developer NuScale describes its SMRs as not 

just producing electricity, but also generating 

steam for use in high-temperature industrial 

processes. Although these processes can be 

used for hydrogen production and desalination 

of seawater, they can also enable carbon-

intensive industries such as oil refining, 

dissolving heavy oil to produce gasoline 

additives, and plastic production (NuScale, 

2023)—all processes that perpetuate the 

fossil fuel industry and, ultimately, exacerbate 

climate change. They also pose additional 

environmental hazards; oil refineries cause air 

pollution from toxic chemicals and particulate 

matter, water contamination from wastewater 

discharges, and soil pollution from spills and 

waste byproducts (Prioleau, 2003). Plastic 

production is similarly harmful, exposing 

people and environments to microplastics and 

plastic waste that damage cells and increase 

the likelihood of serious illness in humans and 

animals (Jiao et al., 2024).

SMRs are also poised to provide substantial 

energy resources for data centers and chemical 

manufacturing, which will likely increase 

environmental harms—including water 

depletion and intensified mining—deepening 

the rift between purported climate solutions 

and responsible environmental stewardship. 

Tech giants like Microsoft, Amazon, and 

Google are already investing heavily in nuclear 

infrastructure to address the escalating carbon 

footprint of their AI operations (Plumer, 2024; 

Stover, 2024). Celebrated by these companies 

as a step toward a carbon-free future (Amazon, 

2024; Dow Chemical, 2023; Google, 2024), 

nuclear energy itself may not produce onsite 

carbon emissions, but it will not prevent 

The hunger for uranium will 
likely increase, putting pressure 
on Indigenous lands already 
contending with a legacy of 
environmental and human harms 
from nuclear ventures.
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environmental harms. Data centers pollute the 

air (Danelski, 2024) and are highly resource-

intensive, with a single large data center 

consuming hundreds of thousands to several 

million gallons of water per day (Google, 2022; 

Yañez-Barnuevo, 2025). In addition, poor 

recycling practices for electronic materials 

such as servers, routers, and cables lead to 

increased amounts of toxic e-waste containing 

hazardous substances. Particularly affected are 

low-income countries where many countries 

often send their excess e-waste, contaminating 

soil and water and harming human, animal, 

and plant health (Andrews et al., 2021; Jain et  

al., 2023; United Nations Environment 

Programme, 2025).

SMRs will enable 
unsustainable industrial 
growth
Driven by the promise of carbon-free, reliable 

energy, the practice of heavy industry clustering 

around SMRs is likely to increase. This parallels 

the industrial nexus that developed around the 

Moses-Saunders Dam at the US-Canada border. 

Built without consent on Akwesasne land, the 

Moses-Saunders Dam has been celebrated as 

a reliable, green hydropower energy source by 

the United States and Canadian governments 

(Stocks, 2024). However, the dam’s cheap and 

reliable hydropower has encouraged industrial 

development, including a General Motors 

foundry and a Reynolds aluminum plant. Their 

activities polluted the surrounding water, air, 

and soil with fluoride ash and polychlorinated 

biphenyls (PCBs), a type of toxic chemical once 

widely used in manufacturing, resulting in 

decades of ecological destruction and human 

and animal illness (Clamen & Macfarlane, 

2018; Fitzgerald et al., 2005; Johnson-Zafiris, 

2024; Krook & Maylin, 1979). The dam has 

also attracted a continuously operating 

cryptocurrency mining facility. Such large-

scale data facilities providing high amounts 

of computing power generate significant 

electronic waste that pollutes water, air, and 

soil if not properly recycled, particularly in 

low-income countries where wealthier nations 

often illegally ship e-waste (McGeehan, 

2018; Wiwoho et al., 2024; United Nations 

Environment Programme, 2025). While 

hydropower is itself a low-carbon energy 

source, it attracts industries that cause 

enormous—and rarely responsibly managed—

damage such as environmental pollution, 

waste, health harms, and habitat destruction.

1920 advertisement for a Corona range. (Ingenium)
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While SMRs have the potential to replace 

fossil fuel-powered energy generation, they 

are paradoxically likely to enable the growth 

of the fossil fuel industry, thus not necessarily 

reducing overall carbon emissions. For example, 

carbon capture and storage (CCS) technology 

demonstrates how carbon reduction strategies 

can paradoxically empower polluting, carbon-

emitting industries. CCS collects climate-

warming carbon dioxide (CO2) before it leaves 

an emission source—usually a large industrial 

facility, like a petrochemical factory or coal or 

gas power plant—which reduces onsite carbon 

emissions. For example, retrofitting coal plants 

with CCS can capture up to 90% of smokestack 

carbon (Wang et al., 2017). However, this 

comes at a cost—energy penalties, or the 

additional energy needed to power CCS 

equipment, can reach up to 40% of the total 

fuel used (House et al., 2009). This increases 

coal mining and its downstream effects, 

including land degradation, air and water 

pollution, and species loss (Gopinathan et al., 

2023). Furthermore, 70-95% of captured CO2 

is injected into oil fields to support enhanced 

oil recovery, the practice of extracting crude 

oil that cannot be otherwise captured (Roberts, 

2019). Ultimately, this practice supports the 

fossil fuel industry while posing environmental 

risks from leaking pipelines (Radtke, 2025). 

However, in some places, products from CCS-

equipped petrochemical plants carry a “green” 

or “clean” label, obscuring these environmental 

harms (a practice known as “greenwashing”) 

(Radtke, 2023).

Similarly, highways have triggered 

unsustainable industrial development. The 

U.S. Federal Aid Highway Act of 1956, which 

allocated $25 billion toward the construction 

of 41,000 miles of interstate highways, 

exemplifies how infrastructure can induce 

cyclical resource demand (Weingroff, 2017). The 

federal government has repeatedly expanded 

highway capacity to alleviate congestion 

(Weber, 2012). However, each expansion 

encouraged more road usage, resulting in 

cyclical growth triggered by induced demand 

(Mann, 2014). This spiraling growth has 

profound environmental consequences, 

including higher carbon emissions from cars, 

greater gas consumption, and massive demand 

for asphalt production. Asphalt production 

releases volatile organic compounds that cause 

skin irritation, chronic headache, respiratory 

illness, and ozone depletion (Harvey et al., 2016), 

indicating caution regarding the downstream 

environmental impacts of infrastructural 

expansion. The normalization of expanding 

infrastructure can directly and indirectly 

increase energy and resource demand, leading 

to environmentally unsustainable growth.

The history of stove technology development has 

also shown us that technological improvements 

do not always lead to socially desirable 

outcomes. While open hearths and cooking 

fires were difficult to manage and produced 

heightened indoor air pollution, closed system 

stoves developed in the 19th century enabled 

While SMRs have the potential 
to replace fossil fuel-powered 
energy generation, they are 
paradoxically likely to enable the 
growth of the fossil fuel industry, 
thus not necessarily reducing 
overall carbon emissions.
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safer and more efficient use of energy in the 

home, as well as a new milieu of unpaid labor 

(Lopes Ramos, n.d.; National High Magnetic 

Field Laboratory, n.d.). With industrialization, 

men shifted away from traditional tasks such as 

gathering and chopping wood for fires to take 

on factory jobs, while women were expected 

to handle the housework, now fostering a 

greater scope of consumption for their families 

enabled by the efficient stove (Cowan, 1983). 

Today, domestic tasks are still largely taken 

on by women in heterosexual households, 

even with the entrance of more women into 

education and employment sectors (Chamie, 

2018; Ferrant et al., 2014). Thus, technology 

like stoves help make gendered divisions of 

labor even more distinct, not only increasing 

the scale of household energy and resource 

use, but also the amount of work that can 

realistically be done by women in the home each 

day, despite seemingly simplifying domestic 

workloads (Cowan, 1983). This case shows 

that an increase in efficiency of a technology 

does not necessarily reduce the total amount 

of consumption, but instead may increase the 

very burden it is supposed to alleviate.

By enabling energy consumption, and with 

it resource extraction and environmental 

degradation, SMRs will simply become 

a substitute for fossil fuels, rather 

than reimagining energy-environment 

relationships. This is similar to the California 

Air Resources Board’s decision to promote 

electric vehicles (EVs) rather than improved 

public transportation as a solution to smog 

(Bedsworth & Taylor, 2007). Similarly, the 

2021 Bipartisan Infrastructure Law in the 

United States earmarked $7.5 billion to single-

passenger-focused EV charging infrastructure 

and only $1 billion for bus electrification and $3 

billion for projects that address neighborhood 

equity, safety, and affordable transportation 

An increase in efficiency of a 
technology does not necessarily 
reduce the total amount of 
consumption, but instead may 
increase the very burden it is 
supposed to alleviate.

1915 Baker Electrics Coupe. (Alden Jewell / Flickr)
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(The White House, 2021). As in the EV case, 

SMRs will similarly enable current consumption 

patterns without forcing societies to grapple 

with the true complexities of environmental 

harms and the ways that some climate solutions 

put broader environmental sustainability out 

of reach. From our case studies, we expect 

that adding more SMRs to our energy system 

will lead to a “boomerang effect”, where a 

reduction in carbon intensity leads to increased 

energy consumption overall (Zehner, 2012). 

Thus, SMRs will increase, not mitigate, energy 

consumption and other industrial growth, 

negating the promised positive effects on 

carbon emissions from SMRs (Bell et al., 2020).

2	 Under the Biden Administration, the U.S. DOE performed an environmental risk assessment for HALEU processing sites. 
The environmental impacts of domestic HALEU production in the United States were categorized as “small”, “moderate”, 
and “large” (Lovejoy & Anderson, 2024). These narrow measures of harm took a resource-centric approach and did not 
necessarily reflect or incorporate cultural values—such as ancestral or spiritual—when assessing impact.

SMRs will exacerbate burdens 
along the supply chain
Meanwhile, the demand for advanced reactors 

like SMRs will necessitate the expansion of 

uranium mining and processing infrastructure, 

particularly for high-assay low-enriched 

uranium (HALEU) (Mining.com, 2025). In 

the United States, the Inflation Reduction Act 

allocated $500 million to increase domestic 

HALEU production (Gardner, 2024).2 Increased 

uranium mining, in turn, will place additional 

environmental stress on Indigenous lands—the 

primary location for these extractive activities 

in countries such as the United States, Australia, 

and Canada (Gould, 2024; Graetz, 2015; Lovejoy 

& Anderson, 2024). Approximately 70% of the 

world’s uranium deposits are situated on or near 

these lands, and uranium mining, milling, and 

transportation has already disproportionately 

harmed these communities and their 

ecosystems (Gould, 2024; Graetz, 2015). As 

discussed in the Introduction and Chapter 

6, these processes generate radioactive dust 

that contaminate the air, water, and workers’ 

bodies. The nuclear industry has acknowledged 

the legacy of environmental and cultural harms 

associated with uranium mining and expressed 

intentions to reform practices (IAEA, 2010; 

NEA, 2014). However, the urgent demand 

for uranium driven by increasing energy 

consumption has often resulted in unfulfilled 

commitments, particularly to Indigenous 

communities. Despite a 2024 uranium mine 

ban around the Grand Canyon to protect local 

Navajo/Diné and Havasupai communities from 

further health, cultural, and environmental 

SMRs will similarly enable 
current consumption patterns 
without forcing societies 
to grapple with the true 
complexities of environmental 
harms and the ways that some 
climate solutions put broader 
environmental sustainability out 
of reach. 

SMRs will increase, not mitigate, 
energy consumption and other 
industrial growth, negating the 
promised positive effects on 
carbon emissions from SMRs. 
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harms, the Pinyon Plain mine was exempted 

and recently reopened for uranium mining 

to bolster domestic uranium supply (Nowell, 

2024; Singh, 2024).

Comparably, decarbonization proponents view 

the environmental and social harms associated 

with lithium mining—used to produce the 

batteries for electrification—as a necessary 

price to pay to reach a carbon-neutral economy 

by 2050 (European Commission, n.d.; Paris 

Agreement, 2015). In recent years, the United 

States government has increased funding for 

domestic mining while 

creating new incentives 

for electric vehicles 

(EVs) that use lithium-

ion batteries (U.S. DOE, 

2021; Ewing, 2022). 

But this is ecologically 

harmful; the mining 

process can contaminate 

water, air, soil, flora, and 

fauna, and its intensive water use can deplete 

groundwater, causing droughts (Kaunda, 2020; 

Greenfield, 2022). And in the United States, 

more than 65% of lithium, copper, and nickel 

reserves and resources—all used in batteries 

and posing similar environmental risks when 

mined—are within 35 miles of Native American 

Reservations (Block, 2021). Further, over half 

of the thousands of currently operating global 

resource extraction projects of so-called 

energy transition metals such as cobalt and 

nickel—materials demanded by the switch to 

low-carbon energy systems—are located on or 

near Indigenous peoples’ lands (Owen et al., 

2023). The EV industry has generated trillions 

of dollars in regions such as North America, 

Western Europe, and China, with marginalized, 

often Indigenous communities bearing the 

largest environmental consequences of lithium 

mining (IEA, 2024b). These governments have 

taken little to no steps to ensure implementation 

of high sustainability standards (Bandura & 

Hardman, 2023). Furthermore, not many 

scientific studies of the ecological consequences 

of widespread lithium extraction techniques, 

notably brine pool evaporation, exist 

(Barandiarán, 2019). Similarly for the uranium 

mining industry, where the environmental 

impacts of not only open-pit mining but even 

in-situ recovery (ISR)—an extraction method 

using liquid solvents pumped underground 

with minimal surface disturbance—are not 

comprehensively evaluated (Mudd, 2001), 

we expect environmental harms to continue, 

underlining the importance of environmental 

justice protections for vulnerable communities 

and land.

Proponents argue that SMRs are a crucial tool 

for responding to the climate crisis, with the 

potential to provide stable, carbon-free power 

to communities and boost resilience in the face 

of extreme weather and energy shortages. Yet if 

SMR projects fall short of these aims and fail to 

equitably distribute the technology’s benefits, 

communities along the nuclear fuel cycle will 

be vulnerable to the very problems of pollution 

and energy supply that proponents claim to 

address. Modern sewer systems are a similarly 

If SMR projects fail to equitably distribute the 
technology’s benefits, communities along the 
nuclear fuel cycle will be vulnerable to the 
very problems of pollution and energy supply 
that proponents claim to address.
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crisis-driven technology, developed in response 

to rapid population growth, urbanization, and 

public health crises (Collinson, 2019). Until the 

mid-19th century, London relied on “cesspits” 

or underground chambers that stored human 

waste and were manually emptied—these 

containers frequently leaked, contaminated 

groundwater supplies, and fueled deadly 

cholera outbreaks (Jackson, 2014). Poor 

neighborhoods saw more infrequent cesspit 

cleaning than their wealthy counterparts, 

leading to higher instances of disease transfer 

and lower quality of life in these communities 

(Science Museum, 2021). When the city first 

switched to centralized sewers in 1848, systems 

were integrated into poor neighborhoods last—

if at all—and routed raw waste directly into 

the Thames River (Science Museum, 2021). Not 

only did these communities have little escape 

from the overpowering smell of sewage they 

encountered living and working along the 

Thames, but the persistent cholera outbreaks 

in their communities threw the whole city into 

frequent public health crises (Collinson, 2019). 

Paradoxically, the infrastructure built to solve 

London’s waste problem created further public 

health challenges because of its inequitable 

distribution and secondary environmental 

impacts. British civil engineer Joseph Bazalgette 

was chosen to rework early sewer designs in 

the 1860s, and his new models proved more 

centralized, expansive, and environmentally-

sound, diverting waste away from the Thames 

and helping to close class-based gaps in waste 

disposal services (Collinson, 2019). The modern 

sewer effectively eliminated the spread of 

cholera and vastly improved the quality of life, 

not just for London’s poorest populations, but 

for the city as whole. With this more equitable 

spread of infrastructure and attention to 

environmental consequences, London was 

able to weather population growth and curtail 

public health crises more effectively.

As described in this section and in other parts 

of this report, governments, industry, and 

researchers imagine SMRs as a solution to 

the climate crisis (Hafner, 2024; Teplinsky 

et al., 2022; U.S. Department of Defense, 

2024). But our analogical case study analysis 

indicates that SMRs will contribute to a 

climate-environment paradox. Beyond 

standard concerns about radioactive waste 

management and environmental remediation 

of decommissioning power plant sites (Chatzis, 

2016), SMRs will intensify other kinds of 

environmental harms. As the technology and 

heavy industries seek out SMR-generated 

power and heat, these reactors may be co-

located with existing facilities or attract new 

Sewage pipes under London, 19th century. (Wellcome 
Collection / Wikimedia Commons)

Our analogical case study 
analysis indicates that SMRs 
will contribute to a climate-
environment paradox. 
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industrial development, thereby concentrating 

and exacerbating local environmental harms 

and facilitating the expansion of other polluting 

sectors. Moreover, the spread of SMRs and 

advanced reactor technologies will intensify 

extractive activities to supply the fuel needed 

by these reactors, leading to further localized 

environmental burdens in the name of solving 

the climate crisis.

MARGINALIZED 
COMMUNITIES 
WILL EXPERIENCE 
DISPROPORTIONATELY 
HIGHER 
ENVIRONMENTAL AND 
HEALTH BURDENS
The direct and indirect environmental risks 

of the SMR fuel cycle—including radiological 

contamination from mining and milling, 

pollution from co-located industries, or thermal 

pollution of water from the power plants—will 

affect the health of nearby communities both 

physically and psychologically. In addition 

to disproportionate impacts on marginalized 

communities from uranium extraction and 

other fuel cycle activities, industries co-located 

with SMRs will bring myriad risks, as described 

in the previous section. Oil refineries cause air 

pollution from toxic chemicals and particulate 

matter, resulting in respiratory illness and skin 

problems (Khatatbeh et al., 2020; Prioleau, 

2003). Plastic production exposes people and 

environments to microplastics, which may be 

neurotoxic and carcinogenic (Lee et al., 2023). 

And data centers cause both air and sound 

pollution, which can increase stress (Han et 

al., 2024; Gonzalez Monserrate, 2022). This 

complex risk picture is familiar in marginalized 

communities, including former coal towns and 

areas with heavy industry that lack access 

to resources like good health care and the 

ability to pay for it (Woolley et al., 2015). Our 

analogical cases suggest that governments and 

industries often ignore these risks because it is 

difficult to measure adverse effects on humans 

and the environment and to prove causality 

in a way that aligns with legal and regulatory 

standards. While marginalized communities 

disproportionately take on the health burdens 

caused by these industries, they receive limited 

benefits and are left to self-advocate for 

attention, protection, and action.

Sacrificing vulnerable 
communities
Despite being framed as a solution to the climate 

crisis, which will globally affect vulnerable 

populations most severely (World Health 

Organization, 2023), the industrial growth 

and local environmental harms exacerbated 

by SMRs will also disproportionately impact 

marginalized groups, including communities 

of color and low-income communities. Our 

analogical case study analysis illustrates that 

areas where communities of color and low-

income groups live are often seen as dispensable, 

making them vulnerable to the most harmful 

impacts of industrial infrastructure projects. 

While marginalized communities 
disproportionately take on 
the health burdens caused by 
these industries, they receive 
limited benefits and are left 
to self-advocate for attention, 
protection, and action.

PDF: Click to 
return to top
PDF: Click to 
return to top



97UNIVERSITY OF MICHIGAN TECHNOLOGY ASSESSMENT PROJECT 2025

THE REACTOR AROUND THE CORNER | UNDERSTANDING ADVANCED NUCLEAR ENERGY FUTURES
C hapter       5 :  Intens      i f y i ng   E nv  i ronmental         Inj   u st  i ces 

Developers—including governments—often 

portray these projects as crucial to the national 

interest, thereby justifying concentrated 

environmental harm to people and ecosystems 

for what they perceive as broader societal 

benefits (Juskus, 2023; Lerner, 2010). Using 

Native land as a sacrifice zone for nuclear 

development is not new: former Secretary of 

Energy Spencer Abraham stated in 2002 that 

the “national interest” of high-level nuclear 

waste disposal at Yucca Mountain outweighed 

the cultural significance for Native people  

(Endres, 2012).

Consider the history of highway construction 

in the United States. The Federal-Aid 

Highway Act of 1956 allocated $25 billion 

for the construction of 41,000 miles of the 

Interstate Highway System, described by 

the U.S. government as a path towards 

national connectivity, enhanced trade, and 

modernization (Weingroff, 1996). However, to 

make way for these highways, Black and low-

income neighborhoods were fragmented and 

bulldozed (Karas, 2015; Mohl, 2000). Highway 

development also reshaped urban landscapes; 

asphalt absorbs substantial heat, contributing 

to urban heat islands and increased air pollution 

(Tong et al., 2021). Its low permeability also 

increases stormwater runoff contaminated 

with pollutants, raising the risk of flooding 

(Kriech & Osborn, 2022). These environmental 

burdens are concentrated in marginalized 

communities because of intentional siting 

decisions; the U.S. government explicitly 

saw highway development as an evolutionary 

natural selection process, whereby blighted 

land would be replaced with socially beneficial 

infrastructure (Eno Center for Transportation, 

2015; Mohl, 2008). Furthermore, the same 

Act—also known as the National Interstate 

and Defense Highways Act—displaced Black 

and low-income communities in pursuit 

of Cold War preparedness, justifying the 

sacrifice of displacing communities for military 

movement and evacuation routes (Lewis, 

2022), creating aforementioned long-standing 

health and environmental inequities. Today, 

the U.S. military’s push for advanced nuclear 

technologies, supported by National Defense 

Authorization Act amendments directing the 

DOE to expand domestic uranium supply and 

HALEU production, mirrors this precedent. 

We expect that the military’s pursuit of 

advanced nuclear technologies—particularly 

Four-level interchange Fort Worth at Intersection of 
IH 20 (US 80) and IH 35 (U.S. 81), Texas. (National 
Archives Catalog)
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microreactors—is likely to exacerbate 

inequitable land use in the name of defense 

and national security. The current development 

of military-use advanced nuclear prototypes 

as “resilient” energy infrastructure (U.S. 

Department of Defense, 2024; Eielson Air Force 

Lab, 2024) reflects the defense and climate 

crisis rhetoric that has historically been used 

to legitimize resource and land exploitation for 

militaristic pursuits.

When the government takes steps to develop 

these “sacrifice zones” 

(Lerner, 2010)—areas 

that have experienced 

severe environmental 

damage and tend to be 

located in areas where 

marginalized populations 

live—social inequities 

are often reproduced. 

Consider the Atlanta 

Public Safety Training 

Center, dubbed “Cop City” by activists, an 

85-acre, city-sanctioned police training 

compound slated for construction in Atlanta’s 

predominately African American South River 

Forest region. In Chapter 6, we describe 

how the siting process for this facility has 

been profoundly undemocratic. It is also 

environmentally harmful. The South River 

Forest and watershed are a vital ecological 

resource, offering rare green space for both 

residents and wildlife. It is considered one of 

four “city lungs,” providing a natural retreat 

that is an important emotional, social, and 

communal asset (City of Atlanta Department of 

City Planning, 2017). But the South River Forest 

has experienced decades of environmental 

degradation; it has functioned as an unofficial 

dumping ground since the 1990s, is located 

near a landfill, is the site of a former prison, 

and faces ongoing pollution from failing 

water treatment and sewage systems in 

DeKalb County (U.S. EPA [U.S. Environmental 

Protection Agency], 2020). It still functions as 

a natural barrier protecting Atlanta from storm 

flooding, the city’s most pressing natural 

disaster risk, which is expected to worsen 

with climate change (Agbebiyi et al., n.d.). 

Razing Atlanta’s South River Forest to build 

Cop City will increase the climate vulnerability 

of the entire city—especially that of nearby 

marginalized communities. Environmental 

activists and local residents have voiced 

powerful objections to this decision, pointing 

to the environmental damage the compound 

is likely to cause in addition to existing 

longstanding harms (Hassan & Keenan, 

2023). Instead of trying to remediate the site, 

the government has prioritized the needs 

of law enforcement (Alcorn, 2023). Former 

mayor Keisha Bottoms’ assertion that the city 

“didn’t have anything else to choose from” 

(Huynh, 2021) underscores the municipal 

government’s perception of these lands as 

disposable and the lives of people who depend 

on it as less valuable than others. The decision 

to locate Cop City in Atlanta’s South Forest 

region, depleting green space and climate 

resilience in the process, illustrates how 

When the government takes steps to 
develop “sacrifice zones”—areas that 
have experienced severe environmental 
damage and tend to be located in areas 
where marginalized populations live—social 
inequities are often reproduced.
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governments reinforce patterns of harm and 

neglect, and even violence, in environmentally 

compromised areas disproportionately located 

in marginalized communities.

The exploitation of land and ecosystems of 

marginalized communities does not only lead 

to immediate impacts for local populations, 

but also creates long-term social and 

environmental harms. Decades before the 

construction of the Coca Codo Sinclair Dam, 

a Chinese-built hydropower project in the 

Ecuadorian Amazon, engineers warned that 

plans to site the dam in a valley prone to 

natural disasters could endanger surrounding 

communities and the environment (Casey & 

Krauss, 2018). Yet the dam project continued, 

reflecting the nation’s energy shift away from 

fossil fuels at a politically complex moment, 

and environmental impact assessment studies 

were approved within a week by the Ecuadorian 

national electricity entity (Teräväinen, 2019). 

Built to supply 30% of the country’s electricity, 

it started operating in 2016. To generate 

hydropower, the dam’s reservoirs periodically 

collect and release water, but this disruption to 

natural water flow has altered fish migration 

patterns and led to erosion and increased 

sedimentation around the dam (Aguilera, 

2023; Millard & Kueffner, 2025; Palma, 2017). 

As erosion accelerates, the Amazonian Kichwa 

communities living close to the dam grow more 

vulnerable to deadly sinkholes and flash floods 

(Palma, 2017; Paz Cardona, 2020b). The San 

Rafael waterfall, located on the Coca River and 

once Ecuador’s tallest waterfall, collapsed in 

2020 due to regressive erosion in the river 

and has since triggered sedimentation build-

up that harms clean water and fish supplies 

that Kichwa communities depend on (Paz 

Cordona, 2020a; Velastegui-Montoya et al., 

2024). Dwindling yields of fish in Coca River 

tributaries threaten traditional Kichwa fishing 

practices, food sources, and livelihoods (Palma, 

2017). Additionally, Ecuador must repay the 

majority of Chinese loans for infrastructure 

projects in crude oil exports (Casey & Krauss, 

2018). The extraction of crude oil contaminates 

air, soil, and water in the Amazon, and leads 

to higher rates of cancer in local Indigenous 

populations (Coronel Vargas et al., 2020). 

Despite these harms, officials dispute the 

claims that the dam has negatively impacted 

surrounding ecosystems and public health, 

making future remediation and compensation 

efforts for Indigenous communities unlikely 

(Palma, 2017).

When governments prioritize natural resources 

for commercial projects over local use, 

communities are left forgotten and exposed 

to increased health risks, as in the case of a 

Coca-Cola bottling plant in the Mexican state 

Catastrophic erosion of the Río Coca bed following the 
2020 collapse of the San Rafael waterfall, Ecuador. 
(U.S. Geological Survey)
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of Chiapas. The bottling facility, located in the 

city of San Cristóbal de las Casas, home to one 

of Mexico’s largest Indigenous populations, has 

drained water supplies and increased soft drink 

consumption with dangerous consequences for 

local public health (Guéguen, 2022; Yeung, 

2025). Food and beverage giant FEMSA is 

licensed to extract hundreds of gallons of water 

for plant operations each day, and receives 

generous government subsidies on its water 

rates (Lopez & Jacobs, 2018; Yeung, 2025). In 

contrast, drinking water for the San Cristóbal 

community is extracted from shallow wells 

prone to drought and high levels of pathogens 

that can cause serious illness (Yeung, 2025). 

Survival remains difficult, particularly for the 

city’s large low-income Mayan population, 

whose taps often run dry for weeks (Yeung, 

2025). Those without a car must walk almost 

two hours to secure water at local trucks or 

stores (Pskowski, 2017). Due to these shortages, 

residents consume an average of over two 

liters (or more than half a gallon) of soda per 

day, as soda tends to be cheaper than bottled 

water and safer than the tap (Yeung, 2025). As 

a result, Chiapas has seen the highest annual 

increase in the diabetes mortality rate of any 

Mexican state since 1990, increasing 30 percent 

between 2013 and 2016 alone (Gutiérrez-León 

et al., 2022; Lopez & Jacobs, 2018). Research 

finds that people with Mayan ancestry are 

generally predisposed to diabetes, making 

the shortage of clean water and surplus of 

sugary beverages in San Cristóbal all the more 

inequitable and dangerous (Domínguez-Cruz 

et al., 2020; Lopez & Jacobs, 2018; Rodríguez 

Mega, 2015). Additionally, droughts have 

limited crop yields, threatening local access 

to fresh, nutritious food (Leroy et al., 2023). 

As government policies continue to cede water 

permits to profitable soda production, San 

Cristóbal’s Indigenous population bears the 

brunt of public health ramifications.

The disproportionate impacts 
of catastrophes
In the case of catastrophic industrial 

accidents, ecosystems and marginalized 

communities, including laborers, also tend 

to disproportionately pay the cost. The 2010 

explosion of BP’s Deepwater Horizon drilling 

Prize-winning photograph symbolizing Coca-Cola 
as a death sentence in Mexico. (Tomas Castelazo / 
Wikimedia Commons)
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rig sent oil gushing into the Gulf of Mexico 

for 87 days, releasing an estimated 134 million 

gallons of oil in the largest marine oil spill 

(Marine Mammal Commission, 2015). The 

disaster resulted from a confluence of risks: 

engineering failures, regulatory errors, and 

corporate negligence (Bratspies, 2011; Krauss 

& Fountain, 2011; Robertson & Krauss, 2014). 

BP responded to the disaster by creating the 

Vessels of Opportunity program, which hired 

impacted locals—a majority of whom were 

from low-income and immigrant Gulf Coast 

communities—to clean up the spill. However, 

the safety protocols were inadequate. Poor 

vetting led to some non-locals taking clean-

up jobs, and the wages were minimal (National 

Commission on the BP Deepwater Horizon Oil 

Spill and Offshore Drilling, 2011). Inequitable 

risk exposure left program participants and 

local residents suffering from what became 

known as “BP syndrome,” a collection of 

chronic respiratory issues and fatal cancers, 

and a 25% increase in depressive illnesses 

(Osofsky et al., 2011). Despite extensive legal 

appeals in the years since, these communities 

have struggled to secure compensation for their 

economic and health losses (Lakhani, 2020; 

Sneath & Laughland, 2023). Meanwhile, the 

spill devastated ecosystems, with oil reaching 

depths of over a thousand meters and impacting 

over a thousand kilometers of shoreline (Beyer 

et al., 2016). Marine life, including plankton, 

fish, birds, and sea mammals, suffered a host 

of health impacts such as disease, impaired 

reproduction, reduced growth, and death 

(Beyer et al., 2016). 

While catastrophic technological failures 

impact a variety of populations, marginalized 

communities, where many large infrastructure 

projects tend to be sited, are at heightened risk 

in times of disaster. This is particularly true 

for communities where waste—often treated 

as an afterthought in technological system 

design—is managed. In the case of London’s 

early sewer systems, poor communities living 

and working around the Thames were unable 

to escape the constant smell of raw sewage and 

related cholera outbreaks (Collinson, 2019). 

While this proved a design and distribution 

problem in London’s waste system, cases 

such as deteriorating sewage treatment 

plants along the Ganges River in India reveal 

how these problems are exacerbated when 

these systems catastrophically fail. As the 

population living in the Ganges basin rapidly 

increases, existing sewage treatment plants 

(STPs) have been unable to keep up, dumping 

millions of gallons of untreated waste into the 

river each day and causing widespread illness 

and ecological damage (Scarr et al., 2019; 

Global Water Intelligence, 2020). The Indian 

government has responded to these problems 

Workers contracted by BP clean up oil on a beach, 
Port Fourchon, LA (May 23, 2010). (PO3 Patrick Kelley / 
Wikimedia Commons)
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with initiatives like the Namami Gange Project, 

which seeks to improve water quality and 

update STP infrastructure, but complicated 

tendering processes for new plants and high 

energy and land demands to operate them 

has led to minimal progress (Pawariya, 2016). 

Climate change has intensified natural disasters 

and worsened these bureaucratic and capacity 

challenges, as increased catastrophic flooding 

around the Ganges overwhelms systems with 

stormwater, leaving sewage untreated and 

often bypassed directly into the river (Gupta, 

2024; Padhi & Mankotia, 2019). While impacts 

of Ganges pollution may stretch beyond those 

living on the river, the poorer communities that 

depend directly on the Ganges for food, drinking 

water, and livelihoods are most harmed by 

the failures of waste management systems 

(Ridzuan, 2021). Similarly for nuclear energy, 

when the riskiest parts of the fuel cycle are 

situated in or near marginalized communities, 

these communities will bear a disproportionate 

price for catastrophic technological failures. 

The nuclear mining industry already has such 

a history; in 1979, a mill tailings dam near 

Church Rock, New Mexico, failed and spilled 

over a thousand tons of uranium waste into 

the nearby Puerco River (Gilbert, 2019). To 

date, this has been the largest accidental 

radiological release in the United States, 

affecting the livelihood and health of nearby 

Navajo/Diné communities. With the expansion 

of the nuclear industry, SMRs will continue 

to disadvantage vulnerable populations if 

industry and governments do not treat the most 

environmentally burdensome parts of nuclear 

energy production with attention and care.

We expect that the marginalized communities 

affected by SMRs across the fuel cycle—from the 

power plants to sites of uranium extraction and 

processing—will experience disproportionate 

harms from any catastrophic accidents that 

may occur. In addition to the Church Rock mill 

tailings spill mentioned above, this includes 

nuclear power plant disasters, such as those at 

Fukushima and Chernobyl, which, while rare, 

have devastating impacts on humans and the 

surrounding ecosystem. These disasters have 

impacted low-income people most, particularly 

low-paid temporary workers exposed to 

heightened radiation during clean up and post-

accident plant operations (Hjelmgaard, 2016; 

Saidazimova & Bigg, 2006; United Nations 

Human Rights, 2018). Nearby communities 

impacted by the disasters have shown increased 

rates of depressive symptoms, post-traumatic 

stress disorder (PTSD), anxiety, alcoholism, 

and even cancer in some cases (Bromet, 2014; 

Oe et al., 2021; Tanisho et al., 2016; Tsutsui 

et al., 2024). With intensifying extreme 

weather events (Organization for Economic 

Co-operation and Development & NEA, 2021), 

geopolitical instability (Herviou et al., 2022), 

and unchecked technological enthusiasm and 

relaxed regulation (Nuclear Newswire, 2025), 

the safety and operability of nuclear plants and 

nuclear fuel cycle facilities could be further 

compromised, increasing the risk of a future 

catastrophic accident.

The burden of self-advocacy
Disproportionate health impacts force 

marginalized communities to experience yet 

another burden: advocating for themselves. 

Residents in the historically African American 

Diamond neighborhood in Norco, Louisiana, 

abutted by a Shell Chemicals plant, alleged 

for decades that the facility was unsafe and 

emitted toxic air pollutants (Ottinger, 2009). 

This led, they argued, to serious respiratory 
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illnesses among residents. However, both Shell 

and the government dismissed these concerns, 

noting that their air monitoring system—

which measured average concentrations of 

toxic chemicals over long periods—showed 

no pollution increase. In response, Diamond 

residents worked with local engineers to 

develop their own “bucket” monitoring system, 

which captured spikes in toxic chemical 

releases using inexpensive buckets to trap the 

air (Lerner, 2006). In other words, they found 

a way to prove the toxic chemical release in 

scientific terms that the courts and regulators 

would understand. Ultimately, Shell agreed to 

install a $10 million pollution and monitoring 

control system at its plant as part of a consent 

decree for improper industrial fume releases, 

which had been violating the U.S. Clean Air 

Act since 1997 (Hasselle, 2018; Reuters, 2018). 

However, the settlement did not adequately 

address residents’ health concerns, and many 

are left with lifelong illnesses due to Shell’s 

negligence (Ottinger, 2013).

Consider pesticide drift, the off-site 

movement of pesticide during its application 

in agricultural activity. Pesticides contaminate 

water sources, nature, and people, causing 

DNA damage, cancer, and respiratory illness 

(Pathak et al., 2022). Rural communities in the 

United States, particularly low-income, male 

farmworkers from immigrant backgrounds and 

with limited education, are most vulnerable 

to its environmental and health impacts 

(Arcury et al., 2014; Donley et al., 2022; Ward 

et al., 2006). There are few clear, universal 

guidelines for reporting pesticide drift across 

states, a process which can involve contacting 

a state pesticide regulatory agency, the 

Environmental Protection Agency (EPA), the 

Occupational Health and Safety Administration 

(OSHA), or pesticide manufacturers depending 

on the incident (U.S. EPA, 2024b). Much 

discretion is also left up to states in managing 

and communicating drift to communities, 

particularly when drift occurs across state 

borders and jurisdictions. This uncertainty 

deters many from effectively reporting 

drift, and because drift itself is difficult to 

measure, regulations are often ineffective and 

burdensome (Ricchio, 2018). Moreover, the 

navigation of state-specific procedures falls 

on victims of drift, who report difficulty in 

being able to correctly identify which agencies 

to report to for compensation and protection 

(Ricchio, 2018). In the United States in 

particular, “egregious harm” must be proven 

for the costs of victims’ health to outweigh the 

economic benefits of the agriculture industry 

(Harrison, 2011). In the case of radiological 

impacts on humans and the environment, 

we expect that it will be similarly difficult for 

health effects to be reported and taken seriously 

if they do not neatly match legal frameworks 

for understanding and ameliorating risk  

and harm.

The AIDS epidemic of the 1980s and 1990s 

provides another important example of 

marginalized groups’ advocating to change 

regulation and research practice. By 1987, 

over 50,000 people—primarily gay men—had 

died of AIDS since the first cases were reported 

in 1981 (U.S. Centers for Disease Control and 

Prevention, 2001). Until that point, the United 

States federal government had not sufficiently 

responded to the urgent public health crisis, 

and clinical drug trial frameworks were 

not equipped for the scale and speed of the 

rapidly accelerating epidemic. In response to 

the government’s inaction, AIDS activists in 

the United States formed ACT UP, the AIDS 
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Coalition to Unleash Power—a savvy, diverse 

grassroots campaign of activists advocating for 

better treatment and drugs for AIDS patients 

(Schulman, 2021). Educating itself with deep 

knowledge of the drug approval bureaucracy, 

the group targeted the Food and Drug 

Administration (FDA) and National Institutes 

of Health (NIH) to demand a more effective—

and more ethical—response to the AIDS 

epidemic (Crimp, 2011; Schulman, 2021). The 

FDA regulatory practice at the time consisted 

of rigorous testing and trials before drugs could 

be used in humans—a far more stringent and 

slow framework than in many other places in 

the world. ACT UP contested this framework 

and demanded the shortening of the drug 

approval process, removing double-blind 

placebo studies, and providing full insurance 

coverage of these costs; they also advocated for 

a wider demographic representation in clinical 

drug trials and called for the recognition of 

“every AIDS death as an act of racist, sexist, 

and homophobic violence” (Crimp, 2011). 

The coalition was ultimately successful in 

transforming the U.S. government’s response to 

the AIDS crisis—as well as biomedical research 

practices in the long term—not just through 

political activism and civil disobedience, but 

also by developing credible expertise that 

enabled the effective challenging of scientific 

authority (Epstein, 1996). In effect, AIDS 

activists had to shoulder multiple burdens—

not only leading protests, but also acquiring the 

technical knowledge needed to demand action 

of the federal regulatory institutions to save 

their sick and dying communities.

In the case of the nuclear industry—specifically 

the uranium mining sector—limited 

regulations governing radiation exposure 

and compensation pathways place health 

burdens squarely on those affected. Radiation 

monitoring schemes that guide worker 

compensation are piecemeal, inconsistent 

across countries, and contingent on individual 

labor agreements (IAEA, 2003). This leaves 

substantial gaps, evidenced by the ongoing 

struggle of South African uranium miners to 

receive recognition or payment for health harms 

linked to radiation exposure (Hecht, 2012). In 

the United States, the Radiation Exposure and 

Compensation Act (RECA), which provides a 

ACT UP “die-in” on the lawn of Building 1 of the U.S. 
National Institutes of Health during the “Storm the 
NIH” demonstration on May 21, 1990. (NIH History 
Office, Branson Collection)
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one-time payment for health harms incurred 

from atomic weapons tests and uranium 

mining, milling, and transport, only covers 

uranium workers exposed before 1971 and 

impacted by government activity (Radiation 

Exposure Compensation Act, 1990). In 2024, 

the U.S. Congress let RECA expire (Miri, 2024), 

though in 2025, the Act was reauthorized, 

allowing the filing of claims until 2027 and 

even expanding eligible populations (Obee, 

2025). With only a few concrete cleanup plans 

for the more than 500 abandoned uranium 

mines (AUMs) on Navajo lands (U.S. EPA, 2022; 

U.S. EPA, 2024c), impacted communities on or 

near Navajo Nation are subject to continued 

radiation exposure (Morales, 2016).

Yet Native American communities have long 

advocated for attention to this exposure, 

efforts which have culminated in action, such 

as a $600 million settlement between the U.S. 

Department of Justice and Navajo Nation for 

the cleanup of 94 abandoned uranium mines on 

Navajo land in 2017 (U.S. EPA, 2025b). Native-

led organizations such as Diné Care, a group 

that gathers testimonials from former mine 

workers and pushes for timely compensation 

for uranium exposure, has helped Native 

community members file claims to RECA and 

receive funds for related medical care (Diné 

Care, n.d.). The Navajo/Diné-led group Haul 

No! successfully advocated for reform to RECA 

in 2000 and continues to fight uranium mining 

projects such as Pinyon Plain, a mine located 

on traditional cultural property just seven miles 

from Grand Canyon National Park (Haul No!. 

n.d.). The Pinyon Plain mine recently began 

operating despite almost a decade of Native-

led opposition, echoing a more widespread 

resurgence in the interest in uranium mining 

that puts the health and environmental 

concerns of Native American communities 

into the spotlight (Moore, 2025). As uranium 

mining expands alongside advanced nuclear 

energy development, we expect that more 

resource extraction will make compensation 

and remediation efforts for Native communities 

more difficult and force them to keep spending 

time and resources to advocate for their rights.

The criminalization of dissent 
about environmental concerns
When marginalized communities mobilize 

against unfavorable projects, they are not 

only often overruled by governments and 

corporations in favor of building critical 

infrastructure; their civil disobedience is often 

met with force and legal action (Lakhani & 

Beaumont, 2024). The U.S. government and 

private developer Energy Transfer Partners 

(ETP) described the Dakota Access Pipeline 

(DAPL), a 1,172 mile-long underground pipeline 

transporting up to 750,000 barrels of crude 

oil per day, as a technologically advanced, 

Map of abandoned uranium mines and Najavo Nation. 
(U.S. EPA) 
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safe, and environmentally sensitive way of 

supporting American energy independence 

(Dakota Access Pipeline, n.d.). Both Native 

tribes and environmental groups opposed the 

effort, noting the pipeline’s impacts on sacred 

sites, drinking water, the land, and wildlife 

(Hersher, 2017; NYC Stands with Standing 

Rock, 2016). Concerns of environmental harm 

were not speculative—the Ohio EPA had 

criticized ETP for spilling millions of gallons 

of drilling fluid and smothering plants and 

wildlife in wetlands during the construction 

and operation of past energy infrastructure 

projects (Mufson, 2017). There were months 

of protest against the pipeline on the Standing 

Rock Reservation, and the Chairman of the 

Standing Rock Sioux even addressed the UN 

Human Rights Council, asking for construction 

to stop. However, the police and U.S. National 

Guard violently suppressed the protests, and 

federal courts disregarded the tribe’s concerns 

during the planning and permitting processes 

(CBS News, 2016; Levin, 2017). Pipeline 

construction ultimately moved forward, and 

since completion in 2017, DAPL has leaked 

at least five times, the largest spill requiring 

soil remediation on nearby land (Guha, 2023; 

Lakhani, 2022).

Dissenters may also become targets of outsized 

legal charges, as seen in the case of Cop City. 

In March of 2023, protestors caused damage 

to equipment at the Cop City construction site, 

and dozens were arrested at a nearby music 

festival on charges of domestic terrorism 

(Riess et al., 2023). Warrants contained little 

substantiated evidence of illegal activity, 

instead using probable cause on the grounds of 

muddied shoes and mutual aid phone numbers 

written on belongings as a basis for arrests 

(Rico, 2023). Later that year, three activists 

were arrested on charges of money laundering 

and charity fraud under RICO (or the Racketeer 

Influenced and Corrupt Organizations Act, a 

statute often used against organized crime 

groups) for their involvement with the Atlanta 

Solidarity Fund, an organization covering bail 

and providing legal services to Cop City activists 

(Rojas & Keenan, 2023). Georgia’s judiciary has 

since dismissed the money laundering charges, 

believing the attorney general did not have the 

right to bring the court to case, as well as the 

domestic terrorism charges, concluding that 

the state violated the right of protestors to due 

process and a speedy trial with its frequent 

delays and failure to issue an indictment (Pratt, 

2025; Rico, 2024).

In sum, our case study analysis in this section 

shows that the expansion of advanced nuclear 

energy will disproportionately shift burdens 

onto already marginalized communities, 

sacrificing them in the name of crisis and 

national interest. Vulnerable communities 

will bear the environmental harms of co-

Stop Cop City graffiti along the Proctor Creek 
Greenway Trail, Atlanta, Georgia. (Tyler Lahti /  
Wikimedia Commons)
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located industries, extractive activities, and 

catastrophic accidents. They will also be left 

to themselves to advocate for their rights, 

potentially risking criminalization from protest 

about environmental concerns.

MARGINALIZED 
COMMUNITIES 
WILL EXPERIENCE 
INEQUITABLE ENERGY 
ACCESS
Margina l ized  communit ies  bear 

disproportionate health and environmental 

burdens of SMRs while also receiving limited or 

no benefits of the technology. While proponents 

of SMRs emphasize their potential as a reliable, 

cheap, and clean energy source, the electrical 

grid often does not reach marginalized 

communities; and, when it does, tends to be less 

reliable (Ariza, 2025; Reta & Gout, 2021). In the 

United States, wealthier neighborhoods tend to 

have upgraded, resilient power lines (Sovacool 

et al., 2024), while low-income communities 

face more frequent blackouts and delays in 

restoration (Do et al., 2023). Even where the 

grid infrastructure is unreliable, wealthier 

residents can afford to purchase generators or 

solar panels to bridge their power resources, 

an option unavailable to low-income residents. 

Energy inequity can be further exacerbated 

in states interested in supporting tech 

development. Arizona, for example, is working 

quickly to ensure adequate energy supplies 

for a growing number of data centers, while 

denying power to many of its primarily Navajo 

residents because of “concerns about how the 

funds would be used” (Verma, 2024). This all 

has direct health consequences, with Native 

communities in Arizona unable to refrigerate 

fresh food at home or use medical devices that 

require electricity, like supplemental oxygen 

(Verma, 2024).

Disparate power allocation harming 

marginalized groups is a familiar story. As 

mentioned above, the Akwesasne people did not 

consent to construction of the Moses-Saunders 

Dam. And while it powers local industry, 

local communities have reaped inconsistent 

electrical benefits from the dams (Johnson-

Zafiris, 2024). In fact, despite a 2008 settlement 

attempt to include equitable power allocations 

for tribal members, Ontario Power Generation 

refused to include electricity supply as part of 

the agreement (Thompson et al., 2008). This 

inequitable energy access is not just unethical, 

it also produces direct health risks, particularly 

because most people cannot afford generators. 

Akwesasne members living close to the dam 

endure blackouts during winters which drop 

indoor air temperatures to dangerous levels, 

and community members who rely on medical 

equipment like oxygen tanks must forgo 

lifesaving treatment (Johnson-Zafiris, 2024). 

Meanwhile, a nearby cryptocurrency mining 

facility operates around the clock.

Preferential treatment of corporations over 

people can limit a community’s access to its 

own local resources. In San Cristóbal de las 

Casas, Chiapas, the company operating the 

Coca-Cola bottling facility, Femsa, receives 

generous licenses for deep well extraction 

Preferential treatment of 
corporations over people can 
limit a community’s access to its 
own local resources.
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and government subsidies on its water rates 

(Lopez & Jacobs, 2018; Yeung, 2025). Due to 

the company’s access to the best wells, Femsa 

has drained local water supplies and cut off 

access to clean, safe drinking water to local 

populations (Guéguen, 2022; Yeung, 2025). 

In contrast, drinking water for the local 

population in San Cristóbal comes from shallow 

wells suffering from low levels of water and 

high levels of pathogens that can cause serious 

illness (Yeung, 2025). On top of this, droughts 

have reduced crop yields, endangering local 

access to fresh food (Leroy et al., 2023). As 

government policies continue to prioritize 

handing out water permits to the profitable 

corporation, San Cristóbal’s predominantly 

Indigenous population keeps turning to Coca-

Cola as its main source of liquid, as clean 

water is difficult to access and bottled water 

is often more expensive than the sugary drink  

(Yeung, 2025).

Paradoxically, these inequitable risks from 

inequitable resource allocation are likely to grow 

with increased extreme weather events due to 

climate change, particularly in communities 

without ample resources for disaster response 

or climate resilience (Fedchenko, 2024; Reta 

& Gout, 2021). For instance, two-thirds of 

residents in Atlanta, Detroit, and Phoenix, 

majority non-white cities, would be at risk 

for heat exhaustion or heat stroke if a heat 

wave and blackout coincided (Flavelle, 2021). 

During the 2021 Texas ice storm, which was 

likely exacerbated by climate change, almost 

half of the households in areas with greater 

minoritized populations experienced prolonged 

power outages, compared to only about 10% in 

predominantly white areas (National Center 

for Disaster Preparedness, 2023). This figure 

reflects both grid failures and higher-income 

households’ access to generators. Energy 

resilience is directly tied to climate resilience, 

as inequities in energy systems heighten 

climate risks for underserved communities 

(Jessel et al., 2019).

Climate-related power outages at nuclear 

plants have risen in recent decades and are 

expected to increase further, even with the new 

design features of advanced nuclear reactors 

(Ahmad, 2021; Fedchenko, 2024). Nevertheless, 

the Nuclear Regulatory Commission (NRC) 

insufficiently integrates climate risks into siting 

decisions and evaluations of infrastructural 

resilience, relying on historical data rather than 

data including climate projections of extreme 

weather to assess risk (U.S. GAO, 2024a). 

But even if the NRC considers these issues in 

SMR siting, energy access will depend on grid 

infrastructure, which is inequitably distributed 

and maintained. For example, as described in 

the Introduction, proponents suggest that 

Ontario Power Generation’s power station at the 
Moses-Saunders Dam on the Saint Lawrence River. 
(RH Saunders Generating Station)
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SMRs and microreactors can be particularly 

useful in rural areas. However, these areas 

are more vulnerable to outages due to older, 

limited local grid infrastructure (Xiao & Liang, 

2024). As the rate of extreme weather events 

increases, so will power outages, and, as our 

case studies demonstrate, this will increase 

environmental vulnerabilities such as limited 

access to drinking water, food, and electricity  

in historically marginalized communities.

These case studies warn us that SMRs or 

industries co-locating with SMRs may 

have similar implications of limited energy 

access, and will exacerbate existing strains 

on resources and energy supply especially 

in marginalized communities where access 

to resources is already limited. In the United 

States, recent aims by the tech industry to draw 

electricity directly from existing nuclear power 

plants—and to power their data centers with 

SMRs yet to be built—have been blocked by 

regulation (Howland, 2025; Moseman, 2024). 

The Federal Energy Regulatory Commission 

(FERC) expressed concerns about fair energy 

distribution if data centers are directly 

connected to the electricity-generating power 

plant behind the meter (Moseman, 2024). 

The tech industry could in this way skirt fees 

that could help maintain grid stability and 

may deprive the grid of electricity needed to 

sustain communities, potentially even raising 

electricity prices for ratepayers (Camacho, 

2025; Moseman, 2024).

Overall, based on our analogical case study 

analysis in this chapter, we expect the expansion 

of advanced nuclear energy to exacerbate 

environmental and health burdens, especially 

on marginalized communities. Though framed 

as a solution to the climate crisis, SMRs—

even if they are successful in replacing fossil 

fuel plants—will enable industrial growth 

that is environmentally harmful. Recent tech 

industry investments in SMRs to power data 

centers are just one example of this. The 

expanded development and construction of 

SMRs will also increase demand for uranium 

mining, an industry widely under-regulated 

and governed by inconsistent standards 

internationally. As a result, SMRs are likely 

to exacerbate, either directly or indirectly, 

environmental risks—including air and 

water pollution, increased waste, and habitat 

destruction—and subsequent health burdens. 

These problems will disproportionately 

affect marginalized communities, who lack 

the resources to prevent or manage them. 

Potential catastrophic accidents, while rare, 

will affect vulnerable populations the most. 

Communities with environmental concerns 

will be forced to advocate for themselves 

to address these risks and prevent harms. 

Protest or resistance to constructing uranium 

extraction and processing facilities, SMRs, or 

co-located industrial infrastructure in or near 

communities may be criminalized. Finally, 

corporate and government priorities are 

likely to squeeze vulnerable communities of 

their local resources and limit access to the 

energy benefits that SMRs may bring to the 

communities that need it most.
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KEY TAKEAWAYS:

	z SMRs will fail to provide local jobs and economic development for host communities. 

	z Transitioning fossil fuel workforces to the SMR workforce will be difficult. 

	z The SMR industry will site its riskiest infrastructure and jobs in marginalized communities, 
exposing them to health and environmental harms. 

	z Developer interests will undermine community engagement in SMR planning, siting,  
and operation. 

	z SMRs will fail to foster community self-governance of nuclear energy.  

Chapter 6: Abandoning 
Promises of Local 
Development and 
Empowerment

Proponents argue that small modular reactors 

(SMR) will benefit local communities both 

economically and politically. They anticipate 

that newly built nuclear plants, particularly 

in rural or low-income regions, will foster 

job creation that will reinvigorate local 

economies. Developers imagine the complete 

transformation of former coal towns, with 

unemployed workforces and decommissioned 

plants, a logical starting point (Jack, 2024; 

Nuclear Business Platform, 2023; U.S. DOE-NE, 

2024a). This strategy could save money and 

limit permitting hassles, while attracting rural 

communities desperate for new employment 

sources. Yet SMR jobs require expertise that 

most rural communities do not possess, 

and coal workers will likely struggle to gain 

employment in the industry as a result.

Given their small scale, SMRs could also enable 

greater citizen autonomy in local energy 

governance. Conventional nuclear has lacked 

robust public participation in past planning and 

governance processes, due to enormous plant 

size, security concerns, and the perception that 

these discussions are highly technical (Lovering 

& Baker, 2021). However, at a moment of 

growing interest in democratic deliberation 

in science and technology policymaking, 

advocates assert that local cooperatives and 
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KEY TAKEAWAYS:

	z SMRs will fail to provide local jobs and economic development for host communities. 

	z Transitioning fossil fuel workforces to the SMR workforce will be difficult. 

	z The SMR industry will site its riskiest infrastructure and jobs in marginalized communities, 
exposing them to health and environmental harms. 

	z Developer interests will undermine community engagement in SMR planning, siting,  
and operation. 

	z SMRs will fail to foster community self-governance of nuclear energy.  

small municipal utility companies will own 

the new reactors, which will then encourage 

self-governance and wider community consent 

(Lovering & Baker, 2021). Ultimately, this 

approach to small-scale power generation and 

local ownership could be more responsive to 

community energy needs. However, several 

obstacles stand in the way.

SMRS WILL PROVIDE 
MINIMAL BENEFITS TO 
THE LOCAL ECONOMY
Despite the promises that SMRs will transform 

local economies, nuclear expertise is not easily 

transferable. It will be difficult for less-

educated populations to access these jobs. 

High-paying jobs at nuclear power plants, 

conventional or advanced, require degrees 

in engineering, reactor physics, and nuclear 

science (IAEA, 2022b; Jacobs & Jantarasami, 

2023; NRC, 2023b; NRC, n.d.). Further, plant 

operators and supervisors must have at least 

one year of plant training and pass a licensing 

exam in order to receive a license to work in 

any member state (IAEA, 2006). Licensing 

exams cover thermodynamics, reactor theory, 

and reactor components, areas of expertise 

likely out of reach for those without a college 

degree (IAEA, 2006; NRC, 2021). Overall, of the 

30 million additional workers needed in the 

clean energy and low-emissions technology 

sectors by 2030, 60% will need postsecondary 

degrees (Watson & Ashton, 2022). In the United 

States, where the coal-to-nuclear workforce 

transition has become a policy talking point, 

approximately one-quarter of coal workers 

will require extensive retraining (Hansen 

et al., 2022; Jacobs & Jantarasami, 2023). 

This retraining consists of up to 15 months 

of educational programs and a minimum of 

three years of plant experience before a former 

coal worker can apply for operator licensing 

(Jacobs & Jantarasami, 2023). Existing coal 

workforce transition programs often provide 

tuition vouchers for technical education 

programs and direct payments to businesses 

to incentivize hiring former coal workers (Dahl 

et al., 2023). The cost of these programs varies 

across countries, but can range anywhere from 

$7,000 to $45,000 per worker, a sum which can 

quickly add up for the national and regional 

governments funding them (Dahl et al., 2023). 

Meanwhile, the United States DOE has set 

aside $100 million to bolster nuclear safety 

curriculums and workforce development (U.S. 

DOE-NE, 2024c). But this funding provides 

no mechanism to connect fossil fuel workers 

with program benefits and fails to address the 

unique challenges these groups will face in 

acquiring nuclear expertise and training (U.S. 

DOE-NE, 2024c). Without meaningful efforts to 

bridge educational gaps and facilitate training 

Romanian writer Panait Istrati, with local miners, 
reports the causes and spread of the Lupeni coal 
miners’ strike, Romania. (Elena Dumitriu / Humazur / 
Wikimedia Commons) 
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pathways, coal communities will struggle to 

gain nuclear expertise in time for local plant 

construction. 

Even with such initiatives, workforce training 

programs are at the mercy of political and 

economic conditions. Consider the failed coal-

to-wind retraining program in Romania’s Jiu 

Valley. Since the 1990s, roughly 90% of Jiu 

Valley’s coal workers have lost their jobs as the 

industry battles economic inefficiencies and 

new climate protections (LaBelle et al., 2021). 

To address this, in 2019, national officials 

partnered with the Romanian Wind Energy 

Association (RWEA) to kickstart a workforce 

retraining program for former miners. They 

aimed to train 5,000 wind technicians and 

3,000 electricity network technicians over 

a decade, seeking to reinvigorate local labor 

markets while bolstering Romania’s transition 

to renewable energy (LaBelle et al., 2021). Yet 

after Romania’s ruling coalition government 

collapsed that summer, national funding for 

the program fell through and left the RWEA 

to steer the pilot program alone. Ultimately, 

the RWEA took only 50 applicants on wind 

farm tours and sent just one applicant for 

wind power training in Scandinavia (LaBelle 

et al., 2021). Similarly, coal workforces will be 

left behind if the nuclear industry’s transition 

plans are similarly disjointed and vulnerable to 

sociopolitical turmoil (Nicola & Schmitz, 2022). 

If they do manage to get specialized training, 

SMR workers may be forced to leave their 

communities to take a job in the nuclear 

industry. Prison developers in the United 

States often emphasize employment benefits 

to combat community hesitancy related to 

siting a prison nearby, yet in practice it can 

be difficult for residents to get jobs in the 

area. The industry favors veteran corrections 

officers, with a strong seniority system that 

places early-career officers in undesirable 

and distant prisons until they achieve a high 

enough rank to choose more favorable sites, 

including ones closer to home (Gilmore, 2007; 

King et al., 2004). In order to eventually get 

a local job, a worker may have to spend years 

far away from home. And in the rare cases 

where they do secure a job at a local prison, the 

work may be difficult or unsafe because they 

are low on the experience hierarchy and lack 

specialized skills (King et al., 2004). In sum, a 

new prison nearby does not guarantee good jobs 

near home. Like prisons, nuclear plants rely on 

an internal hierarchy where more experienced 

workers have access to higher paying jobs with 

more favorable hours (U.S. Congress Office of 

An Automatic Teller Machine in Chicago. (Jason Cupp 
/ Flickr)
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Technology Assessment, 1991). Newly trained 

SMR workers may struggle to secure these 

favorable jobs (or any jobs at all) without the 

required experience. 

Meanwhile, even highly specialized workers 

face increasingly diminished job opportunities 

and fast-changing expertise demands due to 

automation. SMR developers envision human-

less operations to achieve safer, more efficient, 

and more reliable operations (Arave, 2024). 

Artificial Intelligence (AI) in particular may be 

able to complete routine tasks faster and more 

accurately than humans, while also optimizing 

overall fuel consumption and energy output 

of plants (Picot, 2023). Of course, automation 

has long affected labor and, specifically, 

employment opportunities (Holzer, 2022). 

Consider ATMs, which have made banking 

more efficient but restructured the sector’s 

workforce. Though bank teller roles and 

other in-person financial services have not 

disappeared, banks have an ever-shrinking pool 

of on-site workers (Bureau of Labor Statistics, 

n.d.). New ATMs incorporate remote teller 

assistance via webcams (Townsend, 2017). This 

push for automation and remote operations 

has reduced salary and rent burdens for banks 

but also diminished local job opportunities and 

community trust in banking (CAPACD et al., 

2014). Marginalized communities in particular 

emphasize the importance of personal 

relationships and customer service in banking, 

exemplifying how the industry has eroded local 

trust in pursuit of greater efficiency (CAPACD 

et al., 2014). The industry continues to embrace 

automated banking services and has done 

little to redress this erosion of public trust. 

Like automated banking, SMR automation will 

create new kinds of jobs (particularly in data 

management and AI, which do not need to be 

performed locally) but risks shrinking industry 

employment on the whole. 

Developers also argue that SMR projects will 

bring new people, money, and industries to the 

area, but this is likely to fall short when new 

jobs do not go to local residents (Glasmeier 

& Farrigan, 2007). Prison developers in the 

United States similarly 

e m p h a s i z e  l o c a l 

economic development 

to garner support from 

host communities. Yet 

because most prison jobs 

are filled by those living 

outside the community, 

local tax revenues do not 

increase, and the salaries are spent elsewhere 

(King et al., 2004). Promises of increased 

profits for local businesses will go unrealized 

if new jobs are taken by workers living outside 

the community. And local communities, 

particularly rural ones, often do not have the 

resources to increase housing, food, and energy 

supplies for prison workers that do choose to 

relocate locally (King et al., 2004). Developers 

also assert prisons create new local industries 

that help maintain prison operations, yet 

prisons are not found to generate significant 

“spin-off” jobs or bolster local economic 

competition, especially in rural towns with 

fewer resources (King et al., 2004).

Without meaningful efforts to bridge 
educational gaps and facilitate training 
pathways, coal communities will struggle to 
gain nuclear expertise.
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Finally, Ecuador’s Coca Codo Sinclair Dam 

case illustrates not only how infrastructure 

projects deliver far fewer economic benefits to 

local communities than they promise but also 

how this can produce social destabilization. 

Both government officials and Sinohydro, 

the Chinese firm that led construction of 

the dam in the Ecuadorian Amazon, created 

high expectations for jobs and economic 

development in surrounding communities 

(Vallejo et al., 2018). This included the promise 

that local people would get 70% of dam-related 

jobs (Teräväinen, 2019; Vallejo et al., 2018). 

However, because they lacked engineering 

expertise and were not offered training, local 

residents only got approximately 40%, and all 

were in temporary construction. Once the dam 

was complete, workers could not easily return 

to their previous employment in industries 

such as agriculture. Regional unemployment 

increased, and many families experienced 

financial instability. Although Sinohydro 

imported most of its high-expertise jobs from 

China, some Ecuadorian engineers—from 

urban areas—got jobs at the dam. But they 

struggled to operate equipment because of 

communication issues; for example, equipment 

labels were sometimes incorrectly translated 

from Chinese to Spanish (Casey & Krauss, 

2018). Like their prison counterparts, dam 

developers also promised that local businesses 

would increase their profits by selling food, 

housing, and other goods both on and off 

construction sites (Vallejo et al., 2018). But 

providing on-site services required formal 

partnership with Sinohydro and meeting 

onerous bureaucratic requirements, including 

registration with tax and public procurement 

offices, which proved an obstacle for most 

small, local industries (Business & Human 

Rights Resource Centre [BHRRC], 2022; Vallejo 

et al., 2018). Meanwhile, although nearby 

property owners benefited from short-term 

increases in rental and business revenues, 

alcohol use, street fights, and theft increased 

in tandem (Vallejo et al., 2018).  

SMRS WILL REINFORCE 
LOCAL WORKFORCE 
INEQUALITIES
Like conventional nuclear energy, SMR 

employment is likely to reinforce local 

socioeconomic and health inequalities. 

Historically, nuclear power plants in the United 

States have been located in wealthy white 

communities with highly educated workforces 

and strong English skills (Cranmer et al., 2023). 

In the highest nuclear power-producing states 

of Pennsylvania and Illinois, for example, 

communities hosting the states’ top-generating 

plants are overwhelmingly white with poverty 

rates well below the state average (Burman, 

2024; U.S. Census Bureau, 2022a; U.S. Census 

Bureau, 2022b). Nuclear plant jobs in these 

communities require specialized education 

and are well paid and stable as a result. By 

contrast, uranium mining and milling jobs 

require fewer specialized skills, are poorly 

paid, and are often unsafe for human health 

and the environment because radioactive dust 

contaminates air, groundwater, and workers’ 

bodies (U.S. EPA, n.d.). Perhaps as a result, 

they tend to be performed by low-income and 

less educated communities of color. As noted 

in the Introduction, much of the world’s supply 

of uranium comes from mines in Kazakhstan, 

Namibia, and Niger where exports to nuclear 

energy leaders such as the United States, Russia, 

and more recently, China, continue to sustain 

local industries (Bersimbaev & Bulgakova, 
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2015; Hecht, 2012; El Obeid, 2021). In the 

United States, Australia, and Canada, uranium 

mining and milling has historically been sited 

on Indigenous land and disproportionately 

employed and harmed Indigenous populations 

(Coates et al., 2023; Dawson & Madsen, 2011; 

Leyton-Flor & Sangha, 2024; Schroer, 2022). 

In the American West alone, more than 500 

abandoned uranium mines on Navajo land 

await cleanup by the EPA as of 2025, while 

nearby Indigenous populations risk radiation 

exposure in the meantime (Forté, 2025; U.S. 

EPA, 2025a). Despite this, global workplace 

protections are inconsistent and inadequate 

in mining and milling industries compared 

to the stringent oversight at nuclear power 

plants, leaving marginalized communities at 

risk (National Research Council, 2012). 

Marginalized communities and workers are 

also likely to be treated as dispensable. In 

1920s America, the U.S. Radium Company 

(USRC) employed young female workers from 

immigrant and working-class backgrounds in 

its factory. The “Radium Girls,” as they were 

called, painted hundreds of watch dials with 

toxic radium-laced paint daily to make them 

luminous (Grady, 1998). USRC chemists, aware 

of the dangerous health impacts of radium, used 

screens and masks to handle the material (New 

Jersey Government [NJ Gov], 2016). But factory 

management never relayed these dangers to 

workers or provided protective gear. Instead, 

they instructed the women to repeatedly press 

their brushes to their lips to give paint strokes 

an exacting edge, exposing their bodies to high 

levels of radiation and greater health risks (NJ 

Gov, 2016). As sick workers came forward with 

conditions like jaw necrosis and tooth decay, the 

USRC attempted to avoid culpability and profit 

losses (Balkansky, 2019; Rudzis, 2017). Tactics 

included altering a workplace safety report that 

found widespread radium contamination in the 

factory, falsely attributing workers’ illnesses to 

syphilis, and purposefully delaying litigation 

efforts of victims (NJ Gov, 2016).  

Protests and litigation have led to improved 

regulation of the nuclear industry, increased 

safety measures, and worker compensation 

in some places, but they are not consistent 

everywhere and expose marginalized 

communities to disproportionate risks. On 

one hand, the United States established the 

Radiation Exposure Compensation Act (RECA) 

in 1990 to provide restitution for workers and 

communities sickened by uranium mining 

(Radiation Exposure Compensation Act, 1990). 

In 2024, the U.S. Congress let RECA expire 

(Miri, 2024), though in 2025, the Act was 

reauthorized, allowing the filing of claims until 

2027 and even expanding eligible populations 

(Obee, 2025). No such direct compensation 

programs exist elsewhere (Mandel, 2021). In 

prominent uranium-producing nations like 

Namibia and Kazakhstan, changes in health 

and safety have been slower (Business & Human 

“The Radium Girls” painting the hands and spheres of 
watches and compasses. (Wikimedia Commons)
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Rights Resource Centre, 2022; El Obeid, 2021; 

Wilde-Ramsing et al., 2011). Limited knowledge 

-sharing about uranium mining’s occupational 

hazards, as well as government suppression of 

workers’ unions, has diminished opportunities 

for miners to organize for safer conditions in 

these places (Omarova, 2023; Shindondola-

Mote, 2008). When SMR proponents argue 

that uranium mining has been sufficiently 

reformed in recent decades, they overlook 

lagging protections and heightened risks for 

marginalized communities in some of the most 

prolific uranium industries in the world.   

We see a similar pattern of inequitable 

distribution of risks and benefits across 

“green” industries. Lithium ion batteries are 

framed as a key technology for decarbonizing 

and mitigating climate change, yet the users of 

electric vehicles and similar technologies that 

are powered by lithium ion batteries tend to 

be wealthy and white (Dugdale, 2022), while 

socioeconomically disenfranchised Indigenous 

communities tend to mine lithium around 

the world (Greenfield, 2022; Hauser, 2024; 

Kurmelovs, 2022; Penn & Lipton, 2021; Redvers 

et al., 2023). Lithium processing involves toxic 

chemicals that can contaminate groundwater, 

soil, and the air, causing adverse health 

impacts for nearby populations and ecosystems 

(Kaunda, 2020). Mining also requires vast 

amounts of water, worsening droughts in arid 

communities where lithium is most abundant 

(Greenfield, 2022; Wetlands International, 

2023). And yet, these communities lack 

proper health care access and are therefore 

less prepared to combat mining-related illness 

(Redvers et al., 2023). They also lack the 

political power to mitigate lithium mining’s 

environmental and health impacts (Amnesty  

Interntional, n.d.).  

Unfortunately, the private sector invariably 

views marginalized communities as acceptable 

collateral damage for meeting production 

demands. This was clear in the Radium Girls 

case, and today we see this across industries. 

Agriculture companies, for example, have 

grown comfortable burdening rural, immigrant 

communities with the hazards of pesticide 

drift in pursuit of more lucrative crop 

production. Pesticides are, of course, common 

in agriculture, but air currents can push the 

chemicals from the crops they are supposed 

to treat into neighboring natural spaces, 

water sources, and residential areas. This 

“drift” can have enormous negative health 

impacts, including heightened instances of 

cancer and endocrine disruption in humans 

and wildlife, as well as decreased biodiversity 

and soil fertility in the environment (Aktar 

et al., 2009; Bowser & Tharp, 2022; Damalas 

& Koutroubas, 2016). Farm workers—largely 

from communities of color, with undocumented 

immigrant backgrounds, and with low levels 

of education—are among the most affected 

(Harrison, 2011). Like lithium and uranium 

Tractor spraying pesticide on field, Germany. (Stefan 
Thiesen / Wikimedia Commons)
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mining communities and the Radium Girls, 

they have few protections (Arcury et al., 2014; 

Castillo et al., 2021; Donley et al., 2022). Given 

the importance of pesticides in producing high 

volumes of crops, farmers are unlikely to give 

them up. But they also know that in many 

places, where few employment alternatives 

exist to agricultural work, they have a captive 

labor force.

Similarly, decades before the Coca Codo 

Sinclair Dam was built, engineers warned 

that its location in a natural disaster-prone 

valley could threaten the safety of workers 

and local communities as well as the health 

of the Ecuadorian Amazon (Casey & Krauss, 

2018). But the government pushed on, hoping 

to ensure Ecuador’s stable supply of electricity 

and reducing the nation’s dependence on 

fossil fuels. Construction crews then observed 

faulty steel equipment, and in 2014, a pressure 

well collapsed and killed 13 workers (Casey 

& Krauss, 2018). Workers went on strike to 

protest noncompliance with labor rights 

regulations, including health, safety, and wage 

protections (BHRRC, 2022; Lozano, 2019). But 

Sinohydro threatened to fire or even press 

charges against protestors (Varas & Paz y Miño, 

2023). Meanwhile, neighboring communities 

continue to lack reliable or affordable energy 

access, and do not share in the benefits 

of the nation’s energy transition (Casey &  

Krauss, 2018). 

The nuclear industry’s history, considered in 

the context of the legacies of other technologies 

like pesticides, radium, lithium ion batteries, 

and dams, demonstrates a clear pattern of 

inequity. Despite lofty promises, marginalized 

communities tend to have access to the least 

attractive jobs, exposing them to risks and 

providing few protections. Further, they rarely 

have access to the technology’s benefits. While 

proponents of SMR tout it as a vehicle for job 

creation, there is little evidence that developers 

will be able to counteract the likely inequitable 

distribution of the riskiest jobs without 

proactive attention.

SMR DEVELOPER 
INTERESTS WILL 
CURTAIL COMMUNITY 
SELF-GOVERNANCE 
Large private and state-owned utilities 

have dominated global nuclear power 

development for decades, making it difficult 

for local communities to exert influence over 

decisionmaking including mining, milling, 

plant siting, energy distribution, and pricing 

(NEA, 2009; Union of Concerned Scientists, 

2022). Despite community protests over the 

environmental and health impacts of potential 

accidents at the Seabrook Station Nuclear 

Power Plant in the United States or the Temelín 

Nuclear Power Station in the Czech Republic, 

for example, developers continued building 

new plants (Radio Prague International, 1998; 

Turner, 2011). Nevada’s Yucca Mountain is a 

rare exception. Here, Indigenous communities, 

concerned about potential radiation exposure 

for future generations and the destruction of 

culturally significant, sacred land, aligned 

with the state of Nevada, whose opposition 

in Congress halted a nuclear waste repository 

project after decades of grassroots opposition 

(KTNV Las Vegas, 2023; Solis, 2019). 

SMR proponents argue that their small-scale, 

modular technologies can encourage local 

energy self-governance, but reversing decades 

PDF: Click to 
return to top
PDF: Click to 
return to top



118UNIVERSITY OF MICHIGAN TECHNOLOGY ASSESSMENT PROJECT 2025

THE REACTOR AROUND THE CORNER | UNDERSTANDING ADVANCED NUCLEAR ENERGY FUTURES
C hapter       6 :  A b an  d on  i ng   P rom   i ses    o f  L ocal     Development            an  d  E mpo   w erment    

of top-down nuclear power development will 

be a difficult task. Developers will need to foster 

community consent and collaborative design in 

plant siting, civilian nuclear education, and local 

energy ownership to be successful (Lovering & 

Baker, 2021). Analogical case studies teach us 

that this kind of public engagement and trust-

building must be fostered over the long term 

and be expansive in scope, rather than simply 

focused on gaining one-time consent.

Without such practices, infrastructure 

development can have long-term, catastrophic 

impacts on communities. In 1954, the 

American and Canadian governments flooded 

vast amounts of land in the Mohawk Nation’s 

Akwesasne Territory to construct a commercial 

seaway and hydroelectric power dam, known 

as the Moses-Saunders Power Dam (Johnson-

Zafiris, 2024; Shaw & Kaczkowski, 2009). In 

the process, they destroyed large swathes of 

Akwesasne land without local consultation, 

and the influx of polluting ships and factories 

sickened nearby communities with chronic 

illnesses (Johnson-Zafiris, 2024; Thomas-

Blate, 2016). The pollution of waterways and 

air has also since infringed on the Akwesasne’s 

right to use natural resources for food, 

medicine, and traditional ways of life (Johnson-

Zafiris, 2024). In 2008, in light of decades of 

Akwesasne suffering, the Mohawk Council of 

Akwesasne (MCA, or the governing body of the 

Akwesasne community located in present-day 

Canada) reached a settlement with Ontario 

Power Generation (OPG) (Johnson-Zafiris, 

2024). It granted the MCA a formal apology, 

$45 million in compensation, and the transfer 

of several Akwesasne islands flooded during 

seaway construction 

( J o h n s o n - Z a f i r i s , 

2024). However, these 

retroactive and monetary 

amends could not reverse 

years of harm inflicted on 

the Akwesasne people. 

Ultimately, ignoring local 

interests cost the OPG 

millions, but more importantly, cost many in 

the Akwesasne community their livelihoods. 

Without taking community needs, knowledge, 

and consent into account, SMRs are likely to 

similarly harm communities and encounter 

local pushback. 

More closely related to SMRs, the Romanian 

Jiu Valley case demonstrates both how 

communities can provide important knowledge 

to developers and how ignoring this knowledge 

can increase public alienation. For over 30 

years, coal miners struggled to find new 

employment opportunities as the region’s coal 

industry shrank. When the Romanian Wind 

Energy Association (RWEA) finally established 

a workforce training program in 2019, it failed 

to engage community members in its planning 

and execution (LaBelle et al., 2021; Romanian 

Energy Ministry, 2019). Jiu Valley residents 

expressed concern over the loss of community 

identity and local economic power linked to 

the declining coal industry, yet the RWEA and 

Romanian government’s efforts to transition 

away from coal were detached from this input 

(LaBelle et al., 2021). Mine communities were 

SMR proponents argue that their small-
scale, modular technologies can encourage 
local energy self-governance, but reversing 
decades of top-down nuclear power 
development will be a difficult task.
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left feeling alienated, expressing distrust 

in their government and coal corporations 

through protests (Turp-Balazs, 2021). In 2021, 

hundreds of Jiu Valley coal miners protested 

their declining wages, with as many as 60 

people barricading themselves inside a mine 

and threatening to go on hunger strike (Turp-

Balazs, 2021). Political negotiations have also 

alienated Jiu Valley miners (LaBelle et al., 2021). 

Bucharest politicians, rather than Jiu Valley 

community members, represent the region 

in energy transition talks with the European 

Union, further limiting local governance of the 

process and its socioeconomic impacts (LaBelle 

et al., 2021). In failing to incorporate the input 

of the Jiu Valley community, these top-down 

efforts have harmed local self-determination 

in shaping a post-coal future. If the coal-

to-nuclear workforce transition is similarly 

myopic and missing local input, communities 

will be unprepared for the energy transition 

and sidelined from governance by developers.

When developers promise or are required to 

incorporate public input into decision-making 

and do not follow through, this too harms social 

cohesion. Take the development of Atlanta’s 

Public Safety Training Center (known as “Cop 

City”). Initially a prison farm, city officials 

planned to turn the land into a park after 

community input called for more local green 

spaces (Center for Civic Innovation, 2023). But 

by 2021, the Atlanta City Council and Atlanta 

Police Foundation (a multi-million dollar 

nonprofit with corporate backers like Delta and 

Coca-Cola) had decided, behind closed doors, 

to build a massive, $90 million police training 

compound (Huynh, 2021; Simon, 2023). The 

secrecy continued when then-mayor Keisha 

Lance Bottoms failed to include community 

members on the advisory council guiding the 

center’s development despite written plans 

to do so in an administrative order (Office of 

the Mayor, City of Atlanta, 2021). When the 

public finally learned of the training center, 

just two months before its approval would 

go to council vote, there were widespread 

protests (Huynh, 2021). In response, city 

officials introduced a public comment period 

to let council members hear the concerns in full 

(Pratt, 2023). The council heard a staggering 

17 hours of feedback, most decrying the project 

as a tool for militarizing local law enforcement 

and destroying green spaces in adjacent, 

predominantly-Black neighborhoods (Huynh, 

2021). Yet the plan was ultimately approved 

by the city council (Huynh, 2021). When the 

city council met to approve project funding two 

years later, it again heard public comments. 

But the hundreds of participants were let into 

City Hall two hours late, barred from bringing 

food or water into the building, and were given 

only one sign-up sheet, dramatically limiting 

the number of people who could speak (Pratt, 

2023). Not surprisingly, despite overwhelming 

opposition, the city council voted to approve 

Fântânele-Cogealac Wind Farm, Romania. (Sandri 
Alexandra / Wikimedia Commons)
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millions of dollars in funding (King, 2023;  

Rico, 2023). 

Local resistance to Cop City continues. In 

2023, environmental activists created a forest 

encampment protesting Cop City; Georgia state 

troopers shot and killed one activist as they 

cleared it, sparking protests both nationally 

and internationally (Radde, 2023; Rico, 2023). 

There was also a grassroots campaign to place a 

Cop City referendum on the city ballot, but local 

activists accused city officials of slowing down 

signature verification of petitions (French, 

2024). The case illustrates that developers 

must take community input into account and 

that efforts to suppress it are likely to create 

long-term acrimony, uncertainty, and risk for 

all parties.   

However, it is possible to engage citizens 

successfully in the development of complex 

technical infrastructure, through trusted 

stakeholder partnerships. Consider India’s 

Baliraja Dam, stewarded by grassroots 

activism. Traditionally, local perspectives 

and environmental conditions received little 

attention in the drought-prone southwestern 

state of Maharashtra (Morrison, 2010). By 

the final decades of the 20th century, 2% 

of all farmers used 70% of irrigation water, 

with lucrative cash crops prioritized over 

small family farms (Phadke, 2002). In 1984, 

the political organization Mukti Sangharsh 

Chalval (MSC or Struggle for Liberation 

Movement) initiated water redistribution 

through the Baliraja Dam project (Rout, 

2009). It first surveyed local families on water 

conditions before establishing a “Council for 

Drought Eradication” composed of village 

representatives (Phadke, 2002). MSC and the 

council then developed a cooperative ownership 

model, which enabled local families to shape 

where and how much water is distributed 

(Phadke, 2022). Democratic governance of 

infrastructure can clearly succeed when 

initiated by dependable outside stakeholders 

who approach development, governance, and 

ownership critically and from the bottom up.

Dutch water governance demonstrates how 

embedding democratic decisionmaking and 

stable funding structures in a national political 

order can also foster successful community-

based governance. The Dutch national 

government owns and operates all water 

utilities in the Netherlands; 21 water boards, 

made up of elected members of the public, 

as well as representatives from business, 

agricultural, and environmental sectors, govern 

these utilities at the regional level (Havekes, 

2017; SOCOTEC, n.d.). These boards, which 

manage water quality, quantity, and flood 

protections, are autonomous and decentralized, 

with duties, powers, and structure outlined in 

the Dutch Constitution and the Water Board 

A scale measures water levels in a polder, Zoerermeer, 
Netherlands. (Vincent van Zeijst /  Wikimedia Commons)
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Act of 1991 (Havekes, 2017). Residents of each 

region elect members to their water board’s 

“general body” for a four-year term; this 

body appoints five individuals to an “executive 

assembly” that steers policy implementation 

(Havekes, 2017). The general body also 

recommends a water board chair to oversee 

all water management duties (Havekes, 2017). 

Along with taxes levied on residents, water 

boards fund operations through their majority 

ownership of the Dutch Water Bank, a public 

bank providing loans at the lowest possible cost 

to the water sector (Acioly et al., 2016). The 

Netherlands has turned over one of its most 

crucial concerns of public policy, technology, 

budget, and life (after all, over one-quarter 

of its land mass is below sea level) to its 

citizens. This demonstrates enormous trust, 

and shows again that citizen-led governance 

in highly consequential, technical areas is 

possible. It requires governments to provide 

clear legal frameworks, budgets, and buy-in, 

and then step aside, demonstrating their trust 

in citizens.

It will be extremely difficult for SMR companies 

to establish and maintain this kind of local 

governance given the industry’s financing 

models. Most players, whether public or private, 

aim to operate multiple sites, sometimes 

across several countries. Therefore, they are 

likely to prioritize scalability, efficiency, and 

of course, revenues over local needs. Consider 

early telephony in the United States. Initially, 

small telephone cooperatives, governed by local 

users, developed reasonably-priced services in 

rural areas (Garcia, 2005). Members owned (and 

often physically expanded and maintained) 

telephone lines themselves, giving users a 

say in the pricing and scale of local services. 

The dominant Bell Telephone Company then 

used the economic downturn caused by the 

Great Depression to purchase and consolidate 

struggling rural cooperatives, forcing many 

communities to forfeit control over their 

telephone rates and local infrastructure (Gabel, 

1969). Today, telephone cooperatives make up 

roughly 5% of the nation’s subscribers, but at 

their height, these cooperatives numbered in 

the thousands (NTCA - The Rural Broadband 

Association, n.d.). The dominance of large 

telecommunications corporations left the 

majority of Americans unable to fight inflated 

telephone rates and reductions in service 

quality (University of Wisconsin Center for 

Cooperatives, n.d.). SMR communities will be 

similarly vulnerable to the profit and efficiency 

aims of developers, particularly given the 

emerging oligopoly in the SMR industry.  

SMR’s high costs are also likely to complicate 

self-governance goals, as already revealed in 

the collapse of one promising SMR project in 

Utah. NuScale worked with Utah Associated 

Municipal Power Systems, a state-supported 

Study of telephone poles. (Library of Congress Prints and 
Photographs Division)
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non-profit servicing municipal utilities across 

several Western states, to develop a co-op 

ownership model for its reactors (Lovering & 

Baker, 2021). This model allowed municipalities 

to buy and scale energy production according to 

local demand and even pull out of the project 

if it no longer aligned with their interests 

(Lovering & Baker, 2021). But the costs were 

ultimately too high for municipalities to bear, 

and the project was cancelled (Bright, 2023). 

The fault lies not with the local ownership 

model, but the precarity of the marketplace, 

and reveals what may be a crucial stumbling 

block for SMR self-governance.

Finally, it is important to note that local 

participation is not a panacea for the 

sociopolitical turmoil that often accompanies 

infrastructure projects. Democratic engagement 

can produce informed refusal (Benjamin, 

2016) and fray local social fabric. Peculiar, 

Missouri, experienced a phenomenon that is 

becoming all too common: an opaque effort 

by an undisclosed tech giant to build a local 

data center, which would house computer 

systems and associated components needed 

to process the data associated with AI and 

other digital technologies (O’Donovan, 

2024). In the small hamlet outside Kansas 

City, development executives and the mayor 

promised residents that the data center (funded 

by an an unnamed tech company) would bring 

economic opportunity and jobs (Tan, 2024). 

But community members worried the project 

would alter the town’s rural character, and 

they created an online campaign and yard signs 

reading “No Data Centers” to garner public 

support (Tan, 2024). In response, developers 

went as far as to talk to local residents in 

their living rooms, but required nondisclosure 

agreements, and upon closer scrutiny retreated 

to closed-door meetings with Peculiar’s mayor 

and town administrator (Tan, 2024). Later, at a 

town hall meeting, anti-data-center residents 

and the town’s pro-data-center mayor almost 

clashed over the plan. Even after the proposal 

was rejected by local elected officials, public 

trust in Peculiar’s leadership remains tenuous 

(Tan, 2024). 

In short, SMR proponents make a variety 

of promises about the technology’s benefits 

for local communities, from plentiful and 

accessible jobs, to economic development, to 

energy self-governance; yet this chapter shows 

that achieving these outcomes will be much 

more difficult. Without giving more attention 

to on-the-ground realities and building 

proactive decisionmaking in technology 

design and policy action, there will likely 

be minimal local economic benefits and a 

lack of democratic governance. Additionally, 

marginalized communities are likely to be 

further marginalized in the process. But 

there are also stories of success. The Baliraja 

Dam and Dutch water governance exemplify 

possible paths to achieving community 

governance, both through grassroots efforts 

and national-level policy. However, unless 

the SMR industry prioritizes local consent 

and engagement in the same way it prioritizes 

cheap and efficient operations, promises of 

community development and empowerment 

will go unrealized.
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Policy Recommendations
As the world seeks more reliable, low-carbon sources of energy, many hopes and 

expectations rest on emerging technologies such as small modular reactors (SMRs) 

and other advanced nuclear energy systems. However, if this technology is adopted 

without robust governance frameworks that are sensitive to labor practices, 

environmental impacts, and broader societal implications, there is significant risk that 

its harms will outweigh the benefits. Robust governance would help ensure that the  

implementation of SMRs serves the public interest rather than predominantly corporate 

and geopolitical actors.

Comprehensively manage safety and risk

 1 R E C O M M E N D AT I O N  1 :  A D O P T  M E A S U R E S  T O  M I N I M I Z E 
R I S K  A C R O S S  T H E  N U C L E A R  FU  E L  C Y C L E .

Governments, the nuclear industry, and international organizations must 
comprehensively manage risk across the nuclear fuel cycle. This should include:

a.	 Mandating publicly accessible environmental justice reviews for all nuclear 
energy-related projects, including uranium extraction and processing, power 
plant construction, industrial co-siting, and spent nuclear fuel management. 
These reviews should have longitudinal frameworks that account for historical 
environmental burdens and compounding exposure risk across the entire 
nuclear fuel cycle.

b.	 Adopting policies that ensure responsible sourcing of uranium and discourage 
the purchase of uranium that does not meet strict environmental and ethical 
standards across the nuclear fuel cycle. This means transparency for the life 
cycle of the uranium to ensure clear communication of labor and environmental 
standards throughout the mining, transport, and processing stages. 
International and national certifications can also be created to give compliant 
companies a competitive advantage.

c.	 Adopting policies that ensure geopolitically responsible sourcing of HALEU 
fuel for SMRs and discourage the entrenching of exploitative geopolitical 
relationships.

d.	 Supporting labor protections for workers across the fuel cycle, especially for 
mining, and implementing existing international labor standards that prioritize 
the safety and health of workers.

e.	 Developing international protection guidelines that address the historical 
exploitation and vulnerability of Indigenous lands.
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Conduct inclusive and collaborative public participation

2 R E C O M M E N D AT I O N  2 :  F O S T E R  E M P O W E R E D  P UB  L I C 
I N V O LV E M E N T.

Governments and SMR developers must foster inclusive and collaborative public 
participation in governance, design, development, siting, operation, and waste 
management. These processes should empower publics to have a meaningful choice 
over the governance and planning of their nuclear infrastructure, including community 
veto power. In addition: 

a.	 Communities, national governments, and international agencies should 
co-develop standards for collaboration, including mandates for early-stage 
engagement for governance, design, planning, siting, industrial co-location, 
operation, and decommissioning.

b.	 National governments should support the enforcement of community 
engagement standards.

c.	 Plant developers and co-siting industries should also fund community 
engagement, encourage stakeholder dialogue, create venues for communities 
to communicate concerns (e.g., local governance boards comprising a 
representative group of citizens from the host communities), and support 
organizations to address and implement these concerns.

d.	 Licensing authorities should require guidelines for energy allocation and land 
use that are developed collaboratively between communities and developers.

e.	 Governments should protect the right to dissent and engage in civil protest 
about regional, national, and international nuclear projects.

3 R E C O M M E N D AT I O N  3 :  BUI   L D  P UB  L I C  C A PA C I T Y  T O 
B A L A N C E  I N DU  S T R Y  D O M I N A N C E .

Government and philanthropy must invest in public capacity for nuclear energy 
development and regulation as a counterweight to industry influence. This can include 
facilitating collaborations with academia, government research facilities, and industry; 
creating financial support for networks of environmental justice groups, think tanks, and 
civil rights litigation firms; resources for impacted populations, especially Indigenous 
communities; and fostering research on socially and ecologically robust strategies for 
the safe and equitable use of nuclear energy technology.
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4 R E C O M M E N D AT I O N  4 :  R E Q UI  R E  T R A N S PA R E N T 
E VA L U AT I O N  O F  E N V I R O N M E N TA L  A N D  S O C I A L 
I M PA C T S .

Government agencies funding SMR research and development must require prospective 
developers to submit social and environmental impact reports and plans for how to 
mitigate or prevent the anticipated burdens of SMRs. In the evaluation and approval 
process, these should be given equal weight to the technical merit of evaluations such 
as safety assessments. This will require expanding the types of experts on review 
panels. Continued government support should be conditional on their successful 
implementation.

Implement strong financial controls

5 R E C O M M E N D AT I O N  5 :  M I N I M I Z E  D E P E N D E N C E  O N 
P R I VAT E  A N D  F O R E I G N  I N V E S T O R S .

National and local regulators should implement strong financial controls on SMR 
development and investment. This includes:

•	 Limiting private funding and foreign investment in the production of SMRs to prevent 
investor and geopolitical interests from influencing decisions in ways that outweigh 
domestic concerns.

•	 Prioritizing investments that build domestic capacity for regulation and oversight; 
research, development, and deployment; and environmental justice in order to avoid 
long-term dependencies when countries accept foreign investment in SMRs.

6 R E C O M M E N D AT I O N  6 :  P R I O R I T I Z E  D O M E S T I C  B E N E FI  T S .

Countries that receive foreign investment for uranium extraction should implement 
controls on natural resource export to ensure domestic benefits. This could include 
establishing state-owned companies for uranium mining and processing, the profits 
of which should return to directly affected regions and communities.
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Strengthen and adapt legal and regulatory frameworks

7 R E C O M M E N D AT I O N  7 :  S H IF  T  FI  N A N C I A L  R I S K  BU  R D E N S 
AWAY  F R O M  P UB  L I C S .

National and local governments should shift financial risk burdens from publics to 
investors and developers. This can be done through:

a.	 “Polluters pay” frameworks for SMRs and co-siting industries to ensure financial 
liability for environmental degradation and pollution, environmental clean-up, and 
necessary technological maintenance for safe operations and decommissioning.

b.	 Re-evaluation and revision of existing legislation to shift the financial and physical 
risks of failures, such as severe accidents or failed infrastructure projects, away 
from communities and taxpayers to the nuclear industry. 

c.	 Liability limits and financial protections for the nuclear industry should not be used 
as incentives for SMR development.

8 R E C O M M E N D AT I O N  8 :  P R O T E C T  R E G U L AT O R Y  A G E N C I E S 
F R O M  I N DU  S T R Y  I N F L U E N C E .

National governments must protect their regulatory agencies from industry influence. 
Governments should enact policies prohibiting a “revolving door” between regulatory 
roles and roles advocating for nuclear energy both in industry and government. This 
could include requiring waiting periods before changing positions, implementing 
transparency measures that track employment history and relationships, and increasing 
funding and interagency support to be less dependent on industry experts.

Equitably distribute benefits

9 R E C O M M E N D AT I O N  9 :  E Q UI  TA B LY  DI  S T R IBU   T E  E N E R G Y 
R E S O U R C E S .

Regional utilities must dedicate a percentage of power to meet community needs, as 
determined by community governance boards. Utilities should provide discounted 
rates on power for host, mining, and waste storage communities, including residential, 
school, and local business customers.
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10 R E C O M M E N D AT I O N  1 0 :  E Q UI  TA B LY  R E DI  S T R IBU   T E 
P R O FI  T S .

National governments should enact policies that ensure equitable redistribution 
of profits from the activities across the entire nuclear fuel cycle—including mining, 
processing, power generation, and waste management—to the communities and 
territories most affected by industry activity. They should include a self-determination 
process for representatives of those communities to make decisions about distribution 
and spending mechanisms.

11 R E C O M M E N D AT I O N  1 1 :  I N V E S T  I N  J O B  T R A I N I N G  A N D 
L O C A L  E C O N O M I C  T R A N S I T I O N S .

National, regional, and local governments should work together to create accessible, 
responsive, and comprehensive job training programs for host communities, providing 
tuition waivers, scholarships, application assistance, and licensing exam preparation 
for locals. Typically, job assistance programs in communities transitioning between 
industries have not been effective or enduring. Therefore, it is especially important to 
supply these programs with sufficient resources and connect them to local knowledge 
to sustain them over the long term.  When job transition programs are deemed 
unfeasible or unlikely, other robust, long-standing forms of compensation should 
be supplied to communities, such as funding for healthcare, infrastructure, and local 
cultural and education needs. 

Identify, repair, and remediate harms

12 R E C O M M E N D AT I O N  1 2 :  A C K N O W L E D G E  A N D  R E PA I R 
PA S T  D A M A G E ,  P R O T E C T  A G A I N S T  FU  T U R E  H A R M S .

International agencies and national and local governments must acknowledge, repair, 
and remediate past social, economic, and environmental damage from nuclear-related 
activities and protect previously affected communities from repeated harms. This can 
be done through:

a.	 A government council or commission that formally recognizes and reconciles 
past harms caused by the nuclear enterprise and provides substantive financial 
compensation, health care, restoration of mineral rights, environmental remediation, 
and legal protections against future harms for affected communities.

b.	 Adherence to existing sovereignty and environmental protection agreements, 
including the United Nations Declaration on the Rights of Indigenous Peoples and 
the Rio Declaration.
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