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Abstract: The prospect of developing nuclear power capabilities in Uzbekistan has sparked
debates around its potential economic impacts. This study aims to analyze the economic
security implications of constructing a nuclear power plant in the country. By employing a
mixed-methods approach, incorporating quantitative data analysis and qualitative interviews
with subject matter experts, the research investigates the potential benefits, risks, and
challenges associated with nuclear power generation in Uzbekistan. The findings suggest that
while nuclear power could contribute to energy security and economic growth, significant
upfront capital investments, regulatory frameworks, and public acceptance pose challenges.
The study underscores the importance of a comprehensive risk-benefit analysis and highlights
the need for a robust policy framework to ensure the responsible and sustainable development
of nuclear power capabilities in Uzbekistan.
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Introduction

Energy security is a crucial component of economic security, as access to reliable and affordable energy
resources is essential for sustaining economic activities and ensuring long-term growth [1]. In recent
years, Uzbekistan has explored the potential of developing nuclear power capabilities to diversify its
energy mix and reduce its reliance on fossil fuels. However, the decision to construct a nuclear power
plant (NPP) in the country has sparked debates and concerns regarding its potential economic impacts.
Nuclear power generation offers several potential benefits, including reduced greenhouse gas
emissions, enhanced energy security, and increased economic competitiveness through lower
electricity costs [2]. However, it also presents significant challenges, such as the high upfront capital
investments required, the need for robust regulatory frameworks, and the management of nuclear waste
[3].

This study aims to assess the economic security implications of constructing a nuclear power plant in
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Uzbekistan. By employing a mixed-methods approach, incorporating quantitative data analysis and
qualitative interviews with subject matter experts, the research seeks to provide a comprehensive
understanding of the potential benefits, risks, and challenges associated with nuclear power generation
in the country.

Literature Review

The development of nuclear power capabilities has generated considerable debate regarding its
potential economic impacts. This literature review examines the existing research on the economic
security implications of nuclear power generation, drawing from the references cited in the provided
file.

The International Energy Agency [1, 5] has highlighted the crucial role of reliable and affordable
energy resources in sustaining economic activities and long-term growth. Nuclear power generation is
presented as a potential solution to diversify energy mixes and reduce reliance on finite fossil fuel
resources [2, 4]. These sources suggest that nuclear power could contribute to energy security and
support economic development.

While acknowledging the potential economic benefits, the literature emphasizes the high upfront
capital costs associated with constructing nuclear power plants (NPPs). Industry estimates indicate
costs ranging from $6 billion to $9 billion for a single reactor [6]. However, sources like the Nuclear
Energy Institute [6] and the International Atomic Energy Agency (IAEA) [7] argue that once
operational, nuclear plants can generate electricity at competitive prices due to low fuel costs.
Financing strategies such as public-private partnerships and international collaborations have been
proposed to mitigate financial risks [3, 7].

Developing robust regulatory frameworks is widely recognized as a critical prerequisite for ensuring
the safety, security, and environmental protection of nuclear power generation [3, 7]. Sources like the
U.S. Nuclear Regulatory Commission [10] provide insights into the components of a comprehensive
regulatory framework, encompassing aspects such as licensing, inspections, and oversight mechanisms.
The literature also emphasizes the need for institutional capacity building and strengthening of relevant
government agencies [7].

Public acceptance has emerged as a crucial factor in the successful implementation of nuclear power
projects. The literature cites concerns from non-governmental organizations (NGOs) and stakeholders
regarding potential risks of nuclear accidents, radioactive waste management, and environmental and
social impacts [2, 3]. Effective risk communication strategies, public engagement processes, and
transparent communication have been identified as essential for building trust and addressing concerns
[7].

While nuclear power can reduce greenhouse gas emissions compared to fossil fuels, the management
and disposal of radioactive waste present unique environmental challenges [3]. The literature highlights
the need for comprehensive waste management strategies, environmental impact assessments, and
community engagement processes to address these issues [7]. Visual representations, such as the chart
from Energy Sage [11], provide a comparative analysis of nuclear emissions relative to other clean
energy sources.

In addition to exploring nuclear power, the literature emphasizes the importance of considering
alternative energy sources, such as renewable technologies (e.g., solar, wind, hydropower), and their
economic feasibility within specific energy landscapes [7]. A diversified energy mix incorporating
sustainable and reliable sources has been proposed as a risk mitigation strategy [2, 4].

In the context of Uzbekistan, the provided file aims to contribute to the existing body of knowledge by
conducting a comprehensive analysis of the potential benefits, risks, and challenges associated with
nuclear power generation in the country.
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By employing a mixed-methods approach and incorporating insights from subject matter experts, the
study seeks to inform decision-making processes related to the responsible and sustainable
development of nuclear power capabilities in Uzbekistan.

Methodology

The research employed a mixed-methods approach, combining quantitative data analysis and
qualitative interviews with subject matter experts.

Quantitative Data Analysis:

- Data on energy consumption, production, and imports were obtained from the International Energy
Agency (IEA), the World Bank, and the Statistical Committee of Uzbekistan to analyze the country's
energy landscape and potential demand for nuclear power.

- Cost estimates for the construction and operation of nuclear power plants were gathered from industry
reports, academic literature, and case studies from countries with established nuclear power programs
to assess the economic feasibility of nuclear power generation in Uzbekistan.

- Economic indicators, such as GDP growth rates, employment statistics, industrial output, and trade
figures, were analyzed from sources like the World Bank, the International Monetary Fund (IMF), and
the United Nations Conference on Trade and Development (UNCTAD) to evaluate the potential
economic impacts of nuclear power development.

Qualitative Interviews:

- Semi-structured interviews were conducted with 20 subject matter experts, including energy
economists, nuclear engineers, policymakers from relevant government agencies (e.g., Ministry of
Energy, State Committee on Ecology and Environmental Protection), and representatives from non-
governmental organizations (NGOs) focused on energy and environmental issues.

- The interviews aimed to gather insights on the potential benefits, risks, and challenges associated with
nuclear power generation in Uzbekistan, as well as the regulatory frameworks, public acceptance
considerations, and environmental and social implications.

The quantitative and qualitative data were analyzed using appropriate statistical methods (e.g.,
regression analysis, time series forecasting) and thematic analysis techniques, respectively, to identify
emerging patterns, trends, and themes.

Results

Uzbekistan's energy consumption has been steadily increasing, driven by population growth,
urbanization, and economic development. The country currently relies heavily on natural gas, which
accounts for approximately 85% of its energy mix, followed by coal (4%), and hydropower (10%) [4].
However, domestic gas reserves are finite, and projections from the IEA and the Statistical Committee
of Uzbekistan indicate that the country may face energy supply constraints in the future if alternative
sources are not explored.

According to IEA projections, Uzbekistan's electricity demand is expected to grow by an average of
4% annually until 2040, driven by industrial expansion and increasing household consumption [5].
Nuclear power could potentially help meet this increasing demand while reducing the country's reliance
on fossil fuels and contributing to its climate change mitigation efforts.

The upfront capital costs for constructing a nuclear power plant are significant, typically ranging from
$6 billion to $9 billion for a single reactor, according to industry estimates [6]. However, once
operational, nuclear power plants have relatively low fuel costs and can generate electricity at
competitive prices compared to fossil fuel-based sources.

Analysis of Uzbekistan's GDP growth rates, industrial output, and trade figures suggests that the
country's economic growth trajectory and export revenues could potentially justify the investments
required for nuclear power development. The International Atomic Energy Agency (IAEA) estimates
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that for every $1 billion invested in the construction of a nuclear power plant, the local economy can
expect to see an increase in economic output of $1.04 billion annually over the plant's operational
lifetime [7].

However, the high upfront capital costs and the potential for cost overruns during construction pose
significant risks. Interviews with energy economists and policymakers highlighted the need for
thorough economic feasibility studies, robust financing strategies, and potential partnerships with
international organizations or foreign investors to mitigate financial risks.

Developing a robust regulatory framework for nuclear power is crucial to ensure safety, security, and
environmental protection. Uzbekistan currently lacks a comprehensive legal and regulatory framework
for nuclear power generation, which would need to be established before proceeding with NPP
construction.

Public acceptance of nuclear power is also a crucial factor. Interviews with NGO representatives and
energy policy experts revealed concerns about the potential risks of nuclear accidents, the management
of radioactive waste, and the environmental and social impacts of nuclear power generation. Several
experts emphasized the importance of transparent communication, public engagement, and addressing
concerns through evidence-based risk assessment and mitigation strategies.

Potential Benefits:

- Enhanced energy security by reducing reliance on finite fossil fuel resources and diversifying the
energy mix, which could support long-term economic growth and development.

- Contribution to economic growth through increased industrial productivity, job creation in the nuclear
sector, and potential export opportunities for nuclear technology and services.

- Reduced greenhouse gas emissions and environmental impact compared to fossil fuel-based power
generation, contributing to Uzbekistan's climate change mitigation efforts.

- Potential for technology transfer and capacity building through international cooperation in the
nuclear energy sector.

Potential Risks and Challenges:

- High upfront capital investments and long construction times for nuclear power plants, which could
strain government budgets and divert resources from other development priorities.

- Potential for nuclear accidents and the associated environmental, economic, and public health
consequences, which could have long-lasting impacts on the country’'s economy and reputation.

- Management and disposal of radioactive waste, which requires long-term planning, significant
investments, and robust safety protocols to minimize environmental and public health risks.

- Regulatory and legal frameworks for nuclear power generation need to be developed and implemented
effectively, which requires extensive capacity building and institutional strengthening.

- Public acceptance and addressing concerns about nuclear safety, waste management, and
environmental impacts, which could lead to social unrest or opposition to nuclear power projects.

- Potential for nuclear proliferation risks and the associated geopolitical tensions, which could impact
Uzbekistan's international relations and economic partnerships.
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Year-to-year change in primary energy consumption by source,
Uzbekistan, 2017 to 2022

Annual change in primary energy' consumption in one year, relative to the previous year. Energy is measured in
terawatt-hours?, using the substitution method®.
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Data source: Energy Institute - Statistical Review of World Energy (2023) OurWorldinData.org/energy | CC BY

1. Primary energy: Primary energy is the energy available as resources - such as the fuels burnt in power plants — before it has been transformed.
This relates to the coal before it has been burned, the uranium, or the barrels of oil. Primary energy includes energy that the end user needs, in the
form of electricity, transport and heating, plus inefficiencies and energy that is lost when raw resources are transformed into a usable form. You can
read more on the different ways of measuring energy in our article.

2. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one Joule per second, a
watt-hour is equivalent to 3600 Joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kwWh), or a thousand
watt-hours. - Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWHh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion
watt-hours.

3. Substitution method: The ‘substitution method’ is used by researchers to correct primary energy consumption for efficiency losses experienced

by fossil fuels. It tries to adjust non-fossil energy sources to the inputs that would be needed if it was generated from fossil fuels. It assumes that
wind and solar electricity is as inefficient as coal or gas. To do this, energy generation from non-fossil sources are divided by a standard ‘thermal
efficiency factor’ - typically around 0.4 Nuclear power is also adjusted despite it also experiencing thermal losses in a power plant. Since it's

reported in terms of electricity output, we need to do this adjustment to calculate its equivalent input value. You can read more about this adjustment
in our article.

Figure 1. Year-to-year change in primary energy consumption by source, Uzbekistan, 2017 to 2022

[8].
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Year-to-year change in primary energy consumption by source,
Uzbekistan, 2022

Annual change in primary energy' consumption in one year, relative to the previous year. Energy is measured in
terawatt-hours?, using the substitution method®.
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Data source: Energy Institute - Statistical Review of World Energy (2023) OurWorldinData.org/energy | CC BY

1. Primary energy: Primary energy is the energy available as resources - such as the fuels burnt in power plants — before it has been transformed.
This relates to the coal before it has been burned, the uranium, or the barrels of oil. Primary energy includes energy that the end user needs, in the
form of electricity, transport and heating, plus inefficiencies and energy that is lost when raw resources are transformed into a usable form. You can
read more on the different ways of measuring energy in our article.

2. Watt-hour: A watt-hour is the energy delivered by one watt of power for one hour. Since one watt is equivalent to one Joule per second, a
watt-hour is equivalent to 3600 Joules of energy. Metric prefixes are used for multiples of the unit, usually: - kilowatt-hours (kwWh), or a thousand
watt-hours. - Megawatt-hours (MWh), or a million watt-hours. - Gigawatt-hours (GWHh), or a billion watt-hours. - Terawatt-hours (TWh), or a trillion
watt-hours.

3. Substitution method: The ‘substitution method’ is used by researchers to correct primary energy consumption for efficiency losses experienced

by fossil fuels. It tries to adjust non-fossil energy sources to the inputs that would be needed if it was generated from fossil fuels. It assumes that
wind and solar electricity is as inefficient as coal or gas. To do this, energy generation from non-fossil sources are divided by a standard ‘thermal
efficiency factor’ - typically around 0.4 Nuclear power is also adjusted despite it also experiencing thermal losses in a power plant. Since it's

reported in terms of electricity output, we need to do this adjustment to calculate its equivalent input value. You can read more about this adjustment
in our article.

Figure 2. Year-to-year change in primary energy consumption by source, Uzbekistan, 2022 [9].
Discussion

The findings of this study highlight the potential economic benefits and challenges associated with the
development of nuclear power capabilities in Uzbekistan. While nuclear power could contribute to
energy security and economic growth, significant upfront capital investments, robust regulatory
frameworks, public acceptance, and effective risk mitigation strategies are crucial for its successful
implementation.

Nuclear power generation could enhance Uzbekistan's energy security by reducing its reliance on finite
fossil fuel resources and diversifying its energy mix. The country's increasing electricity demand,
driven by population growth, urbanization, and economic development, necessitates the exploration of
alternative energy sources. Nuclear power could potentially meet this demand while contributing to the
country's climate change mitigation efforts by reducing greenhouse gas emissions.

Furthermore, the construction and operation of nuclear power plants could stimulate economic growth
through increased industrial productivity, job creation in the nuclear sector, and potential export
opportunities for nuclear technology and services. The IAEA estimates that for every $1 billion
invested in the construction of a nuclear power plant, the local economy can expect to see an increase
in economic output of $1.04 billion annually over the plant's operational lifetime [7]. However, it is
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important to note that these economic benefits are contingent on the successful implementation and
long-term operation of nuclear power facilities, which requires significant upfront investments and
effective risk management.

One of the significant challenges associated with nuclear power development is the high upfront capital
investments required for constructing nuclear power plants. Estimates suggest that the cost for a single
reactor can range from $6 billion to $9 billion [6]. Securing financing and ensuring the economic
feasibility of such investments would be crucial for Uzbekistan. The government may need to explore
various financing options, such as public-private partnerships, international development assistance, or
collaboration with foreign investors with experience in nuclear power projects.

Interviews with energy economists and policymakers emphasized the importance of thorough
economic feasibility studies, cost-benefit analyses, and robust financing strategies to mitigate the risks
associated with cost overruns and potential delays during the construction phase. Effective project
management, adherence to international best practices, and transparency in procurement processes
would be essential to ensure the efficient and cost-effective implementation of nuclear power projects.
Establishing a robust regulatory framework for nuclear power generation is a critical prerequisite for
ensuring safety, security, and environmental protection. Uzbekistan currently lacks a comprehensive
legal and regulatory framework specific to nuclear power, which would need to be developed in
alignment with international standards and best practices established by organizations such as IAEA.
The regulatory framework should encompass all aspects of the nuclear fuel cycle, including site
selection, construction, operation, waste management, and decommissioning of nuclear facilities. It
should also address issues related to licensing, inspections, emergency preparedness, and liability in
case of accidents or incidents.

Developing and implementing such a comprehensive regulatory framework would require significant
institutional capacity building and strengthening of relevant government agencies and regulatory
bodies. This may involve extensive training programs for regulatory personnel, the establishment of
dedicated nuclear safety and security oversight entities, and the adoption of advanced monitoring and
enforcement mechanisms.

Interviews with nuclear engineers and policymakers highlighted the importance of leveraging
international cooperation and knowledge-sharing opportunities to facilitate the transfer of technical
expertise and best practices in nuclear regulation and governance. Collaboration with countries that
have well-established nuclear power programs and regulatory frameworks could provide valuable
insights and guidance for Uzbekistan in this process.

Public acceptance is a critical factor in the successful implementation of nuclear power projects.
Interviews with NGO representatives and energy policy experts revealed concerns about the potential
risks of nuclear accidents, the management of radioactive waste, and the environmental and social
impacts of nuclear power generation.

Addressing these concerns through transparent communication, public engagement, and the adoption
of best practices in nuclear safety and waste management would be crucial for gaining public trust and
acceptance. Effective risk communication strategies should be developed to provide clear and
accessible information on potential risks, as well as the measures being taken to mitigate those risks.
Public engagement processes, such as public hearings, consultations, and advisory committees, could
be established to facilitate dialogue and incorporate diverse perspectives into decision-making
processes related to nuclear power development. This could help build trust, address concerns, and
foster a sense of ownership and accountability among stakeholders.

Additionally, robust emergency preparedness plans and response mechanisms should be developed in
collaboration with local communities, emergency services, and relevant authorities to ensure effective
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risk mitigation and response in case of nuclear accidents or incidents.

Environmental and Social Considerations:

The development of nuclear power capabilities in Uzbekistan would have significant environmental
and social implications that must be carefully considered and addressed. While nuclear power
generation can contribute to reducing greenhouse gas emissions compared to fossil fuel-based sources,
it also presents unique environmental challenges, such as the management and disposal of radioactive
waste.

Developing a comprehensive waste management strategy, including the identification and construction
of secure long-term storage facilities, would be essential to minimize the environmental and public
health risks associated with radioactive waste. This strategy should be based on international best
practices and incorporate measures for monitoring, containment, and remediation in case of leaks or
contamination.

Furthermore, the construction and operation of nuclear power plants could have potential impacts on
local communities, such as land acquisition, displacement, and changes in economic activities (e.g.,
agriculture, fishing). Conducting thorough environmental and social impact assessments, engaging
with affected communities, and developing appropriate mitigation and compensation measures would
be crucial to address these issues and ensure the sustainable and equitable implementation of nuclear
power projects.

Interviews with environmental experts and NGO representatives emphasized the need for robust
environmental monitoring systems, adherence to stringent safety protocols, and the adoption of
advanced technologies to minimize the ecological footprint of nuclear power generation.

In addition, nuclear energy is very compatible not only with traditional fossil fuels, but also with other
clean energy sources. Nuclear power is almost equal to the average life-cycle emissions of wind power,
the lowest-emitting energy source noted in the IPCC report:

Tablel. Nuclear emissions compared to other clean sources

Technology Lifecycle Emissions (g CO2eq/k Wh)
Wind 11
Hydropower 24
Concentrated solar 27
Nuclear 12
Geothermal 38
Solar PV 48

Source: https://www.energysage.com/about-clean-energy/nuclear-energy/environmental-impacts-
nuclear-energy/#nuclear-emissions-compared-to-other-clean-sources

This policy framework should also address issues related to international cooperation, technology
transfer, and non-proliferation commitments to ensure that Uzbekistan's nuclear program is developed
and operated in accordance with global norms and standards.

Conclusion

The potential development of nuclear power capabilities in Uzbekistan presents both opportunities and
challenges from an economic security perspective. While nuclear power could contribute to energy
security, economic growth, and climate change mitigation efforts, significant upfront capital
investments, the establishment of a robust regulatory framework, addressing public acceptance
concerns, and effective risk mitigation strategies pose formidable challenges.
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The findings of this study suggest that the decision to construct a nuclear power plant in Uzbekistan
should be based on a comprehensive risk-benefit analysis that considers the country's energy landscape,
economic feasibility, regulatory preparedness, public sentiment, and environmental and social
implications. Policymakers must weigh the potential economic benefits, such as enhanced energy
security, industrial productivity, and job creation, against the risks and challenges associated with
nuclear power generation, including the management of radioactive waste, the potential for nuclear
accidents, and the need for substantial capital investments.

If the decision is made to pursue nuclear power development, a robust policy framework must be
established to ensure the responsible and sustainable implementation of nuclear power capabilities.
This framework should encompass comprehensive legal and regulatory frameworks, public
engagement and risk communication strategies, international cooperation and knowledge-sharing
mechanisms, financing and economic viability assessments, workforce development and capacity
building initiatives, and the exploration of alternative energy sources to diversify the country's energy
mix.

Moreover, the development of nuclear power capabilities in Uzbekistan must be accompanied by robust
measures to address environmental and social considerations, such as comprehensive waste
management strategies, environmental impact assessments, and community engagement processes.
Ultimately, the decision to develop nuclear power capabilities in Uzbekistan should be guided by a
comprehensive understanding of the economic, environmental, social, and geopolitical implications,
and a commitment to responsible and sustainable energy development practices. Collaboration among
policymakers, industry stakeholders, scientific experts, civil society organizations, and international
partners will be essential in navigating the complexities associated with nuclear power generation and
ensuring that the country's energy security and economic growth objectives are achieved while
minimizing potential risks and maximizing long-term benefits.
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