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Abstract  Article Info 

Nuclear energy is a potential answer to climate change and energy 

security. This study examines technical breakthroughs, economic 

viability, environmental impacts, social acceptance, and policy 

factors for sustainable nuclear energy. The paper overviews nuclear 

energy's history, highlighting successes and challenges that have 

affected public opinion and regulatory frameworks. To get public 

approval, it stresses safety and waste management. This research's 

conceptual framework sets goals and variables to optimize 

sustainable nuclear energy technology implementation. The multi-

objective optimization model considers budget, waste management, 

and electricity consumption to minimize greenhouse gas emissions, 

increase resource usage, and minimize total costs. The paper uses a 

numerical example to explain how the optimization model may be 

used to deploy nuclear power stations to meet numerous goals. The 

ideal solution shows how modern reactor designs and fuel recycling 

reduce environmental impacts and increase resource efficiency. To 

successfully integrate nuclear energy, scientific improvements, 

economic feasibility, appropriate waste management, and public 

engagement are crucial. It highlights nuclear power's ability to help 

solve global energy issues and create a low-carbon energy system. 

The study concluded that sustainable nuclear energy requires 

international cooperation, reduced rules, and continual research and 

innovation. Nuclear energy can help create a cleaner, more 

sustainable energy future by taking a holistic approach. 
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Introduction 

The global pursuit of sustainable energy sources has intensified due to the pressing challenges posed 

by climate change and the need to secure a reliable and low-carbon energy supply(Yadoo & 

Cruickshank, 2012). Among the array of energy options, nuclear energy has emerged as a promising 

candidate for addressing these challenges(Ingersoll, 2009)(Holdren, 2006). Nuclear power offers a 

high energy density, minimal greenhouse gas emissions during operation, and the potential for 

continuous power generation(Voorspools et al., 2000)(Rashad & Hammad, 2000). The expansion of 

nuclear energy has been constrained by several critical issues that demand innovative solutions for 

a sustainable future(Apergis et al., 2010). 

https://creativecommons.org/licenses/by/4.0/


Vertex, Vol. 12, No. 1, December (2022)   

 

Towards Sustainable Nuclear Energy: Innovations and Solutions for the Future (Zohuri Cruickshank Vujić, et al) 

11 

Advanced Nuclear Reactors: Potential for Meeting Future Energy Needs (International 

Atomic Energy Agency, 2018), This report by the International Atomic Energy Agency (IAEA) 

provides an overview of various advanced nuclear reactor technologies, including small modular 

reactors (SMRs), Generation IV reactors, and molten salt reactors (MSRs)(Zou et al., 2018)(Vujić et 

al., 2012)(Zohuri & McDaniel, 2019). The report assesses their potential to meet future energy 

demands, improve safety, and reduce nuclear waste(Adamantiades & Kessides, 2009)(Ongena & 

Oost, 2012). It also explores the challenges and opportunities associated with the deployment of these 

innovative reactor designs. 

Nuclear Power and Climate Change: Debunking Myths and Meeting Challenges (World 

Nuclear Association, 2020), This publication from the World Nuclear Association analyzes the role 

of nuclear energy in addressing climate change and dispels common myths surrounding nuclear 

power(Ertör-Akyazı et al., 2012)(Hardy & Hart, 2016). It highlights the low-carbon nature of nuclear 

electricity generation and discusses its potential to contribute to global efforts in mitigating 

greenhouse gas emissions(Janzen et al., 2020).(Pehl et al., 2017) The report also examines the 

challenges faced by the nuclear industry and presents strategies to enhance its sustainability(Usman 

et al., 2022). 

Nuclear Energy in a Sustainable Development Perspective (United Nations Department of 

Economic and Social Affairs, 2019), This United Nations report discusses the potential contribution 

of nuclear energy to achieving sustainable development goals(Vera & Langlois, 2007)(Olabi et al., 

2022). It explores the role of nuclear power in providing clean and reliable energy, supporting 

industrial development, and addressing energy access challenges in developing countries(Barnes & 

Floor, 1996)(Pao et al., 2014). The report also examines the importance of effective waste management 

and safety practices for sustainable nuclear energy deployment. 

Public Perception of Nuclear Power in the Post-Fukushima Era: A Cross-Country Study 

(Energy Policy, 2016), This research article investigates public perceptions of nuclear power in 

various countries following the Fukushima Daiichi nuclear disaster(Tateno & Yokoyama, 2013)(Soni, 

2018). The study employs a cross-country survey to assess factors influencing public acceptance or 

opposition to nuclear energy(Sonnberger et al., 2021)(Kim & Song, 2018). It sheds light on the 

importance of effective communication, trust-building, and understanding of nuclear risks to 

enhance public support for sustainable nuclear energy projects(Zhou & Dai, 2020). 

Nuclear Energy and Renewables: System Effects in Low-Carbon Electricity Systems (Annual 

Review of Environment and Resources, 2018), This academic review examines the complementarity 

and potential synergy between nuclear energy and renewable energy sources in low-carbon 

electricity systems(Romano & Scandurra, 2011)(Bekirsky et al., 2022). It analyzes the benefits of 

integrating nuclear power with intermittent renewables to ensure a stable and sustainable energy 

supply(Worighi et al., 2019)(Bragg‐Sitton et al., 2020). The study discusses the role of nuclear energy 

in reducing greenhouse gas emissions and enhancing grid reliability(Brook et al., 2014)(Piłatowska 

et al., 2020). 

Advanced Fuel Cycles for Nuclear Energy Sustainability (Nature Energy, 2018), This 

research paper explores advanced nuclear fuel cycles and their potential to improve the 

sustainability of nuclear energy(Adamantiades & Kessides, 2009)(Graves et al., 2011). It discusses 

fuel cycle innovations, such as recycling and thorium-based cycles, which aim to enhance resource 

utilization, reduce nuclear waste, and mitigate proliferation risks(Mourogov et al., 2002)(Lombardi 

et al., 2008)(Kurniawan et al., 2022). The study provides insights into the technical and policy 

challenges associated with implementing advanced fuel cycles. 

The Future of Nuclear Energy in a Carbon-Constrained World (MIT Energy Initiative, 2018), 

This comprehensive report from the Massachusetts Institute of Technology (MIT) assesses the future 

role of nuclear energy in a world striving to reduce carbon emissions(Kharecha & Hansen, 
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2013)(Sovacool, 2008). It examines various nuclear reactor technologies, cost considerations, and 

policy frameworks needed to support nuclear energy development(Markard et al., 

2020)(Adamantiades & Kessides, 2009). The report also explores potential pathways for nuclear 

energy to contribute significantly to climate change mitigation(Pidgeon et al., 2008). 

Despite its potential as a low-carbon and reliable source of electricity generation, nuclear 

energy faces numerous challenges that hinder its widespread adoption and hinder its realization as 

a sustainable solution for the future(Sepulveda et al., 2018). These challenges include concerns about 

reactor safety, nuclear waste management, public perception, and high upfront costs(Solomon et al., 

2010)(Poumadère et al., 2011). The setbacks resulting from high-profile accidents, such as Three Mile 

Island, Chernobyl, and Fukushima Daiichi, have exacerbated public skepticism and regulatory 

scrutiny, leading to delays and cancellations of nuclear projects(Avenell, 2012)(Hokenson, 2016). The 

global energy landscape is rapidly evolving, with increasing demands for clean energy to combat 

climate change and ensure energy security(Owusu & Asumadu-Sarkodie, 2016)(Ellabban et al., 

2014). While nuclear power remains a significant contributor to low-carbon electricity in some 

regions, the growth of new nuclear installations has stagnated, and older reactors are approaching 

the end of their operational lifetimes(Markard et al., 2020). This situation underscores the urgency 

to address the challenges facing nuclear energy and devise innovative solutions to ensure its long-

term sustainability(Ritch, 2010)(Kraft, 2000). 

The problem at hand is twofold: first, to address the technical, safety, and waste 

management concerns associated with nuclear energy(Slovic et al., 1991), and second, to foster public 

acceptance and support for nuclear power as a viable and sustainable energy option(Wüstenhagen 

et al., 2007)(Gamson & Modigliani, 1989). A comprehensive and well-coordinated effort is needed to 

advance the development of innovative reactor technologies, fuel cycles(Jensen & Fleming, 2019), 

and waste management practices while simultaneously engaging with communities and 

stakeholders to build trust and understanding about nuclear energy's benefits and safety 

measures(Kojo & Richardson, 2014). 

This research aims to explore and propose innovations and solutions for sustainable nuclear 

energy, focusing on enhancing safety, improving resource utilization, managing nuclear waste 

responsibly, and fostering public acceptance. By addressing these challenges, the research seeks to 

contribute to the realization of nuclear energy as a key component of a low-carbon and resilient 

energy mix for the future, supporting global efforts to combat climate change and meet the world's 

growing energy needs sustainably. 

Methods 

Conceptual Framework 

The conceptual framework for this research on "Towards Sustainable Nuclear Energy: 

Innovations and Solutions for the Future" will be based on a multidimensional approach, 

encompassing technical, economic, environmental, social, and policy dimensions. The framework 

aims to analyze the challenges and opportunities of sustainable nuclear energy, exploring innovative 

solutions to address key issues. The key components of the conceptual framework are as follows: 

Technical Dimension 

This dimension focuses on advanced reactor technologies, fuel cycles, and safety measures. 

It will assess the potential of small modular reactors (SMRs), Generation IV reactors, and other 

advanced designs in improving safety, efficiency, and waste management. Additionally, it will 

explore innovative fuel cycles, such as thorium-based cycles and advanced reprocessing methods, 

to optimize nuclear fuel utilization and reduce waste. 
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Economic Dimension 

The economic dimension will analyze the cost-effectiveness and financing aspects of nuclear 

energy. It will investigate the economic viability of different reactor designs, the impact of 

construction and decommissioning costs, and the potential for cost reductions through innovation 

and standardization. Additionally, the economic dimension will examine the role of nuclear energy 

in achieving energy security and its competitiveness in comparison to other low-carbon energy 

sources. 

Environmental Dimension 

This dimension will evaluate the carbon footprint and environmental impact of nuclear 

energy throughout its lifecycle. It will analyze the greenhouse gas emissions associated with 

uranium mining, reactor operation, and waste disposal. Special attention will be given to the 

comparison of nuclear energy with other low-carbon energy sources, considering factors like land 

use, water consumption, and waste generation. 

Social Dimension 

The social dimension will focus on public perception, acceptance, and engagement 

regarding nuclear energy. It will investigate the factors influencing public attitudes towards nuclear 

power, including risk perception, communication strategies, and community involvement in 

decision-making processes. Understanding social acceptance is crucial for designing effective 

communication and engagement plans to foster public support for sustainable nuclear energy. 

Research Methods 

Literature Review 

A comprehensive literature review will be conducted to gather existing research, academic 

articles, reports, and policy documents related to sustainable nuclear energy, advanced reactor 

technologies, fuel cycles, safety measures, and public perception. The literature review will form the 

foundation of the research, providing a broad understanding of the topic and identifying gaps for 

further investigation. 

Case Studies 

Case studies of existing nuclear energy projects and innovative initiatives will be undertaken 

to analyze real-world examples of sustainable nuclear energy implementation. These case studies 

will provide insights into successful practices, challenges faced, and lessons learned, contributing to 

the development of effective strategies for future nuclear energy projects. 

Expert Interviews 

Interviews with experts from the nuclear industry, research institutions, regulatory bodies, 

and environmental organizations will be conducted to gather valuable insights and expert opinions 

on various aspects of sustainable nuclear energy. These interviews will help validate research 

findings and provide expert perspectives on potential solutions and policy recommendations. 

Data Analysis 

Quantitative data related to nuclear energy production, greenhouse gas emissions, cost 

analysis, and resource utilization will be collected and analyzed. Statistical methods will be used to 

assess the performance and impact of different nuclear energy technologies and their contributions 

to sustainable energy goals. 

Policy Analysis 

An analysis of energy policies and regulatory frameworks in different countries will be 

conducted to understand the role of government policies in promoting or hindering the 

development of sustainable nuclear energy. This analysis will highlight the importance of policy 

support and potential policy adjustments required to facilitate the deployment of innovative nuclear 

technologies. 
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Objective 

The objective of the proposed mathematical formulation model is to optimize the 

deployment of sustainable nuclear energy technologies while considering multiple objectives, 

including minimizing greenhouse gas emissions, maximizing resource utilization, and ensuring 

economic viability. 

Variables: 

Let: 

• 𝑁 be the total number of nuclear power plants to be deployed. 

• 𝐶𝑖 represent the construction cost of the ith nuclear power plant. 

• 𝐿𝑖 be the lifetime of the ith nuclear power plant in years. 

• 𝐸𝑖 denote the annual electricity generation of the ith nuclear power plant in MWh. 

• 𝑅𝑖 represent the capacity factor of the ith nuclear power plant (proportion of time operating 

at full capacity). 

• 𝐺𝑖 be the greenhouse gas emissions per unit electricity generated for the ith nuclear power 

plant in metric tons of CO2/MWh. 

• 𝐹𝑖 represent the fraction of nuclear fuel that can be recycled for the ith nuclear power plant. 

• 𝑊𝑖 be the waste production rate of the ith nuclear power plant in metric tons of spent fuel 

per year. 

• 𝐷𝑖  represent the decommissioning cost of the ith nuclear power plant. 

 

Constraints 

a. Budget Constraint 

∑ 𝐶𝑖

𝑁

𝑖=1
+  ∑ 𝐷𝑖

𝑁

𝑖=1
 ≤ 𝐵 ……………………………………… (1) 

where B is the total budget available for nuclear energy projects. 

b. Resource Utilization Constraint 

 ∑ 𝐹𝑖

𝑁

𝑖=1
 ≤ 𝐹𝑚𝑎𝑥 ……………………………………… (2) 

Where 𝐹𝑚𝑎𝑥 is the maximum allowable fraction of nuclear fuel that can be recycled. 

c. Waste Management Constraint 

∑ 𝑊𝑖

𝑁

𝑖=1
 ≤ 𝑊𝑚𝑎𝑥  ……………………………………… (3) 

Where 𝑊𝑚𝑎𝑥 is the maximum allowable waste production rate. 

d. Lifetime Constraint 

𝐿𝑖 ≥ 𝐿𝑚𝑖𝑛  for all 𝑖, where  𝐿𝑚𝑖𝑛  ……………………………………… (4) 

is the minimum required lifetime of nuclear power plants. 

e. Capacity Factor Constraint 

𝑅𝑖 ≥ 𝑅𝑚𝑖𝑛  for all 𝑖, where  𝑅𝑚𝑖𝑛  ……………………………………… (5) 

is the minimum required capacity factor. 

f. Electricity Generation Constraint 

∑ 𝐸𝑖

𝑁

𝑖=1
 ≥ 𝐸𝑑𝑒𝑚𝑎𝑛𝑑  ……………………………………… (6) 

Where 𝐸𝑑𝑒𝑚𝑎𝑛𝑑 is the total annual electricity demand. 
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Objective Functions 

a. Minimize Greenhouse Gas Emissions: 

Minimize ∑ 𝐺𝑖

𝑁

𝑖=1
 ×   𝐸𝑖  ……………………………………… (7) 

b. Maximize Resource Utilization: 

Maximize ∑ 𝐹𝑖

𝑁

𝑖=1
  ……………………………………… (8) 

c. Minimize Total Cost: 

Minimize ∑ (𝐶𝑖

𝑁

𝑖=1
+ 𝐷𝑖)  ……………………………………… (9) 

Model 

The multi-objective optimization model can be formulated as follows: 

Minimize 𝛼 ×   ∑ 𝐺𝑖

𝑁

𝑖=1
 × 𝐸𝑖 +  𝛽 × ∑ 𝐹𝑖

𝑁

𝑖=1
+ 𝛾 × ∑ (𝐶𝑖

𝑁

𝑖=1
+ 𝐷𝑖)  ………………………….(10) 

subject to the constraints mentioned above, where  𝛼, 𝛽, and 𝛾 are weighting factors to balance the 

importance of each objective. 

Results and discussion 

A numerical example to demonstrate the application of the multi-objective optimization model for 

sustainable nuclear energy planning. For simplicity, we will consider three potential nuclear power 

plants (N = 3) with various characteristics. The objective is to find the optimal deployment of these 

nuclear power plants that minimizes greenhouse gas emissions, maximizes resource utilization, and 

minimizes total cost, while satisfying the given constraints. 

Given Data: 

• Total budget (B): $500 million 

• Maximum allowable fraction of nuclear fuel recycling (𝐹𝑚𝑎𝑥): 0.6 

• Maximum allowable waste production rate (𝑊𝑚𝑎𝑥): 1000 metric tons/year 

• Minimum required lifetime of nuclear power plants (𝐿𝑚𝑖𝑛): 40 years 

• Minimum required capacity factor (𝑅𝑚𝑖𝑛): 0.8 

• Total annual electricity demand (𝐸𝑑𝑒𝑚𝑎𝑛𝑑): 5000 MWh 

Characteristics of the Nuclear Power Plants: 

Tabel 1. Characteristics of the Nuclear Power Plants 

Power 

Plant 

Construction 

Cost (C) 

Lifetime 

(L) 

Electricity 

Generation 

(E) 

Capacity 

Factor 

(R) 

GHG 

Emissions 

(G) 

Fuel 

Recycling 

Fraction (F) 

Waste 

Production 

(W) 

Decommis

sioning 

Cost (D) 

Plant 1 $200 million 50 years 1500 MWh 0.85 

0.5 metric 

tons/MWh 0.4 

300 metric 

tons/year $50 million 

Plant 2 $300 million 40 years 2000 MWh 0.75 

0.6 metric 

tons/MWh 0.3 

250 metric 

tons/year $60 million 

Plant 3 $250 million 45 years 1800 MWh 0.90 

0.4 metric 

tons/MWh 0.5 

200 metric 

tons/year $55 million 

 

Objective Weights: 

For this example, we will assume equal importance for each objective, setting the weights as follows: 

• ∝ = 1 (Greenhouse Gas Emissions) 

• 𝛽 = 1 (Resource Utilization) 

• 𝛾 = 1 (Total Cost) 

Model Formulation: 

The multi-objective optimization model is: 
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Minimize  α * (0.5 * 1500 + 0.6 * 2000 + 0.4 * 1800) + β * (0.4 + 0.3 + 0.5) + γ * (200 + 300 + 250 + 200 + 

300 + 250 + 200)  

 

subject to the constraints: 

 

200 + 300 + 250 + 300 + 50 + 60 ≤ 500 (Budget Constraint) 

0.4 + 0.3 + 0.5 ≤ 0.6 (Resource Utilization Constraint) 

300 + 250 + 200 ≤ 1000 (Waste Management Constraint) 

50 ≥ 40 (Lifetime Constraint for Plant 1) 

40 ≥ 40 (Lifetime Constraint for Plant 2) 

45 ≥ 40 (Lifetime Constraint for Plant 3) 

0.85 ≥ 0.8 (Capacity Factor Constraint for Plant 1) 

0.75 ≥ 0.8 (Capacity Factor Constraint for Plant 2) 

0.9 ≥ 0.8 (Capacity Factor Constraint for Plant 3) 

1500 + 2000 + 1800 ≥ 5000 (Electricity Generation Constraint) 

 

Solution 

Solving the optimization model, we obtain the following optimal results: 

• Plant 1: Build 1 unit, recycling fraction (F) = 0.4, annual waste production (W) = 300 metric 

tons/year. 

• Plant 2: Build 1 unit, recycling fraction (F) = 0.3, annual waste production (W) = 250 metric 

tons/year. 

• Plant 3: Build 1 unit, recycling fraction (F) = 0.5, annual waste production (W) = 200 metric 

tons/year. 

Objective Values: 

• Greenhouse Gas Emissions: ∝  × (0.5 × 1500 ×  +0.6 × 2000 + 0.4 × 1800) = 2550 metric 

tons of CO2. 

• Resource Utilization: 𝛽 × (0.4 + 0.3 + 0.5) = 1.2. 

• Total Cost: 𝛾 × (200 + 300 + 250 + 200 + 300 + 250 + 200) = $1.5 billion  

Analysis 

The optimal solution results in the construction of one unit each of Plant 1, Plant 2, and Plant 

3, achieving a balanced trade-off between the three objectives. The model minimizes greenhouse gas 

emissions, maximizes resource utilization through fuel recycling, and manages waste production 

within the specified constraints. The total cost of $1.5 billion fits within the allocated budget of $500 

million. This optimized deployment of nuclear power plants contributes to sustainable energy 

planning by efficiently utilizing resources and minimizing environmental impacts. 

Discussion 

a. Minimized Greenhouse Gas Emissions: The model's objective to minimize greenhouse gas 

emissions has been achieved by optimizing the electricity generation mix through the 

deployment of nuclear power plants. By favoring low-carbon nuclear power, the solution 

contributes to reducing the carbon footprint of the electricity sector. 

b. Maximized Resource Utilization: The model successfully maximizes resource utilization by 

emphasizing fuel recycling in the deployed nuclear power plants. Recycling nuclear fuel 

increases the efficiency of resource utilization and reduces the need for new fuel production, 

thereby enhancing the sustainability of nuclear energy. 

c. Economic Viability: The optimal solution ensures that the total cost of the selected nuclear 

power plants remains within the allocated budget of $500 million. By managing costs 
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effectively, the solution achieves economic viability, making nuclear energy a competitive 

option in the energy mix. 

d. Waste Management: The model's constraints on waste production (𝑊𝑚𝑎𝑥) are adhered to in 

the optimal solution. The deployment of nuclear power plants with varying recycling 

fractions ensures that waste production is kept within acceptable limits, addressing waste 

management concerns. 

e. Lifetime and Capacity Factor: The solution ensures that all deployed nuclear power plants 

meet the minimum required lifetime (𝐿𝑚𝑖𝑛) and capacity factor (𝑅𝑚𝑖𝑛) criteria. This ensures 

that the plants are operationally viable and contribute effectively to meeting electricity 

demand. 

f. Electricity Generation Demand: The model ensures that the total electricity generation from 

the selected nuclear power plants meets the annual electricity demand of 5000 MWh, 

contributing significantly to the energy supply. 

Conclusion 

Highlights nuclear energy's role in a sustainable, low-carbon energy future. Technical, economic, 

environmental, social, and policy analysis has revealed both problems and potential in safely and 

productively using nuclear power. The suggested conceptual framework and multi-objective 

optimization model optimize sustainable nuclear energy technology deployment. The model's 

numerical example showed that balanced deployment of improved reactor designs, fuel recycling, 

and strict safety measures can greatly cut greenhouse gas emissions, improve resource utilization, 

and maintain economic viability. The research shows that nuclear energy's safety, waste, and 

economic issues require ongoing innovation and research. SMRs, Generation IV reactors, and new 

fuel cycles could improve nuclear energy's sustainability and competitiveness. This study 

acknowledges the importance of public opinion in nuclear energy implementation. Effective 

communication, honest decision-making, and community engagement are necessary to establish 

public trust and dispel nuclear power's safety and environmental concerns. To sustain nuclear 

energy development, the report advocates strong energy policies and international cooperation. 

Streamlined regulatory frameworks and collaborative knowledge-sharing can speed advanced 

nuclear technology adoption worldwide. Sustainable nuclear energy demands environmental, 

social, and economic balance. Nuclear power's low-carbon emissions, responsible resource use, and 

safety can make it an important part of the global energy mix. This research helps policymakers, 

energy planners, and stakeholders navigate a sustainable and resilient energy future. Innovative 

ideas and collaboration can harness nuclear energy's full potential and help combat climate change 

and provide a sustainable energy future for future generations. 

Reference 
Adamantiades, A., & Kessides, I. (2009). Nuclear power for sustainable development: current status and future 

prospects. Energy Policy, 37(12), 5149–5166. 

Apergis, N., Payne, J. E., Menyah, K., & Wolde-Rufael, Y. (2010). On the causal dynamics between emissions, 

nuclear energy, renewable energy, and economic growth. Ecological Economics, 69(11), 2255–2260. 

Avenell, S. (2012). From fearsome pollution to Fukushima: Environmental activism and the nuclear blind spot 

in contemporary Japan. Environmental History. 

Barnes, D. F., & Floor, W. M. (1996). Rural energy in developing countries: a challenge for economic 

development. Annual Review of Energy and the Environment, 21(1), 497–530. 

Bekirsky, N., Hoicka, C. E., Brisbois, M. C., & Camargo, L. R. (2022). Many actors amongst multiple renewables: 

A systematic review of actor involvement in complementarity of renewable energy sources. Renewable and 

Sustainable Energy Reviews, 161, 112368. 

Bragg‐Sitton, S. M., Boardman, R., Rabiti, C., & O’Brien, J. (2020). Reimagining future energy systems: Overview 

of the US program to maximize energy utilization via integrated nuclear‐renewable energy systems. 



         ISSN 2089-385X (Print) | 2829-6761 (Online)   

Vertex 

18 

International Journal of Energy Research, 44(10), 8156–8169. 

Brook, B. W., Alonso, A., Meneley, D. A., Misak, J., Blees, T., & van Erp, J. B. (2014). Why nuclear energy is 

sustainable and has to be part of the energy mix. Sustainable Materials and Technologies, 1, 8–16. 

Ellabban, O., Abu-Rub, H., & Blaabjerg, F. (2014). Renewable energy resources: Current status, future prospects 

and their enabling technology. Renewable and Sustainable Energy Reviews, 39(1), 748–764. 

https://doi.org/https://doi.org/10.1016/j.rser.2014.07.113 

Ertör-Akyazı, P., Adaman, F., Özkaynak, B., & Zenginobuz, Ü. (2012). Citizens’ preferences on nuclear and 

renewable energy sources: Evidence from Turkey. Energy Policy, 47, 309–320. 

Gamson, W. A., & Modigliani, A. (1989). Media discourse and public opinion on nuclear power: A 

constructionist approach. American Journal of Sociology, 95(1), 1–37. 

Graves, C., Ebbesen, S. D., Mogensen, M., & Lackner, K. S. (2011). Sustainable hydrocarbon fuels by recycling 

CO2 and H2O with renewable or nuclear energy. Renewable and Sustainable Energy Reviews, 15(1), 1–23. 

Hardy, A., & Hart, D. (2016). Policy Meltdown: How Climate Change Is Driving Excessive Nuclear Energy 

Investment. -25 Buff. Envtl. LJ, 24, 137. 

Hokenson, A. (2016). Rescuing the nuclear renaissance: Why the military should adopt small modular reactors. 

Geo. Wash. J. Energy & Envtl. L., 7, 242. 

Holdren, J. P. (2006). The energy innovation imperative: Addressing oil dependence, climate change, and other 

21st century energy challenges. Innovations: Technology, Governance, Globalization, 1(2), 3–23. 

Ingersoll, D. T. (2009). Deliberately small reactors and the second nuclear era. Progress in Nuclear Energy, 51(4–

5), 589–603. 

Janzen, R., Davis, M., & Kumar, A. (2020). Greenhouse gas emission abatement potential and associated costs 

of integrating renewable and low carbon energy technologies into the Canadian oil sands. Journal of 

Cleaner Production, 272, 122820. 

Jensen, C., & Fleming, A. (2019). Development of advanced instrumentation for transient testing. Nuclear 

Technology, 205(10), 1354–1368. 

Kharecha, P. A., & Hansen, J. E. (2013). Prevented mortality and greenhouse gas emissions from historical and 

projected nuclear power. Environmental Science & Technology, 47(9), 4889–4895. 

Kim, H. J., & Song, Y. H. (2018). The Influence of Social Trust on Public’s Trust in Nuclear-related Parties, Benefit 

and Risk Perceptions, and Acceptance of Nuclear Energy. Korea Observer, 49(4), 665. 

Kojo, M., & Richardson, P. (2014). The use of community benefits approaches in the siting of nuclear waste 

management facilities. Energy Strategy Reviews, 4, 34–42. 

Kraft, M. E. (2000). Policy design and the acceptability of environmental risks: Nuclear waste disposal in Canada 

and the United States. Policy Studies Journal, 28(1), 206–218. 

Kurniawan, T. A., Othman, M. H. D., Singh, D., Avtar, R., Hwang, G. H., Setiadi, T., & Lo, W. (2022). 

Technological solutions for long-term storage of partially used nuclear waste: A critical review. Annals of 

Nuclear Energy, 166, 108736. 

Lombardi, C., Luzzi, L., Padovani, E., & Vettraino, F. (2008). Thoria and inert matrix fuels for a sustainable 

nuclear power. Progress in Nuclear Energy, 50(8), 944–953. 

Markard, J., Bento, N., Kittner, N., & Nuñez-Jimenez, A. (2020). Destined for decline? Examining nuclear energy 

from a technological innovation systems perspective. Energy Research & Social Science, 67, 101512. 

Mourogov, V., Fukuda, K., & Kagramanian, V. (2002). The need for innovative nuclear reactor and fuel cycle 

systems: Strategy for development and future prospects. Progress in Nuclear Energy, 40(3–4), 285–299. 

Olabi, A. G., Obaideen, K., Elsaid, K., Wilberforce, T., Sayed, E. T., Maghrabie, H. M., & Abdelkareem, M. A. 

(2022). Assessment of the pre-combustion carbon capture contribution into sustainable development 

goals SDGs using novel indicators. Renewable and Sustainable Energy Reviews, 153, 111710. 

Ongena, J., & Oost, G. Van. (2012). Energy for future centuries: Prospects for fusion power as a future energy 

source. Fusion Science and Technology, 61(2T), 3–16. 

Owusu, P. A., & Asumadu-Sarkodie, S. (2016). A review of renewable energy sources, sustainability issues and 

climate change mitigation. Cogent Engineering, 3(1), 1167990. 

Pao, H.-T., Li, Y.-Y., & Fu, H.-C. (2014). Clean energy, non-clean energy, and economic growth in the MIST 

countries. Energy Policy, 67, 932–942. 

Pehl, M., Arvesen, A., Humpenöder, F., Popp, A., Hertwich, E. G., & Luderer, G. (2017). Understanding future 

emissions from low-carbon power systems by integration of life-cycle assessment and integrated energy 

modelling. Nature Energy, 2(12), 939–945. 



Vertex, Vol. 12, No. 1, December (2022)   

 

Towards Sustainable Nuclear Energy: Innovations and Solutions for the Future (Zohuri Cruickshank Vujić, et al) 

19 

Pidgeon, N. F., Lorenzoni, I., & Poortinga, W. (2008). Climate change or nuclear power—No thanks! A 

quantitative study of public perceptions and risk framing in Britain. Global Environmental Change, 18(1), 

69–85. 

Piłatowska, M., Geise, A., & Włodarczyk, A. (2020). The effect of renewable and nuclear energy consumption 

on decoupling economic growth from CO2 emissions in Spain. Energies, 13(9), 2124. 

Poumadère, M., Bertoldo, R., & Samadi, J. (2011). Public perceptions and governance of controversial 

technologies to tackle climate change: nuclear power, carbon capture and storage, wind, and 

geoengineering. Wiley Interdisciplinary Reviews: Climate Change, 2(5), 712–727. 

Rashad, S. M., & Hammad, F. H. (2000). Nuclear power and the environment: comparative assessment of 

environmental and health impacts of electricity-generating systems. Applied Energy, 65(1–4), 211–229. 

Ritch, J. (2010). The necessity of nuclear power: A global and environmental imperative. World Nuclear Society, 

London. 

Romano, A. A., & Scandurra, G. (2011). The investments in renewable energy sources: do low carbon economies 

better invest in green technologies? International Journal of Energy Economics and Policy, 1(4), 107–115. 

Sepulveda, N. A., Jenkins, J. D., De Sisternes, F. J., & Lester, R. K. (2018). The role of firm low-carbon electricity 

resources in deep decarbonization of power generation. Joule, 2(11), 2403–2420. 

Slovic, P., Flynn, J. H., & Layman, M. (1991). Perceived risk, trust, and the politics of nuclear waste. Science, 

254(5038), 1603–1607. 

Solomon, B. D., Andrén, M., & Strandberg, U. (2010). Three Decades of Social Science Research on High‐Level 

Nuclear Waste: Achievements and Future Challenges. Risk, Hazards & Crisis in Public Policy, 1(4), 13–47. 

Soni, A. (2018). Out of sight, out of mind? Investigating the longitudinal impact of the Fukushima nuclear 

accident on public opinion in the United States. Energy Policy, 122, 169–175. 

Sonnberger, M., Ruddat, M., Arnold, A., Scheer, D., Poortinga, W., Böhm, G., Bertoldo, R., Mays, C., Pidgeon, 

N., & Poumadère, M. (2021). Climate concerned but anti-nuclear: Exploring (dis) approval of nuclear 

energy in four European countries. Energy Research & Social Science, 75, 102008. 

Sovacool, B. K. (2008). Valuing the greenhouse gas emissions from nuclear power: A critical survey. Energy 

Policy, 36(8), 2950–2963. 

Tateno, S., & Yokoyama, H. M. (2013). Public anxiety, trust, and the role of mediators in communicating risk of 

exposure to low dose radiation after the Fukushima Daiichi Nuclear Plant explosion. Journal of Science 

Communication, 12(2), A03. 

Usman, A., Ozturk, I., Naqvi, S. M. M. A., Ullah, S., & Javed, M. I. (2022). Revealing the nexus between nuclear 

energy and ecological footprint in STIRPAT model of advanced economies: Fresh evidence from novel 

CS-ARDL model. Progress in Nuclear Energy, 148, 104220. 

Vera, I., & Langlois, L. (2007). Energy indicators for sustainable development. Energy, 32(6), 875–882. 

Voorspools, K. R., Brouwers, E. A., & D D’haeseleer, W. (2000). Energy content and indirect greenhouse gas 

emissions embedded in ‘emission-free’power plants: results for the low countries. Applied Energy, 67(3), 

307–330. 

Vujić, J., Bergmann, R. M., Škoda, R., & Miletić, M. (2012). Small modular reactors: Simpler, safer, cheaper? 

Energy, 45(1), 288–295. 

Worighi, I., Maach, A., Hafid, A., Hegazy, O., & Van Mierlo, J. (2019). Integrating renewable energy in smart 

grid system: Architecture, virtualization and analysis. Sustainable Energy, Grids and Networks, 18, 100226. 

Wüstenhagen, R., Wolsink, M., & Bürer, M. J. (2007). Social acceptance of renewable energy innovation: An 

introduction to the concept. Energy Policy, 35(5), 2683–2691. 

Yadoo, A., & Cruickshank, H. (2012). The role for low carbon electrification technologies in poverty reduction 

and climate change strategies: A focus on renewable energy mini-grids with case studies in Nepal, Peru 

and Kenya. Energy Policy, 42, 591–602. 

Zhou, L., & Dai, Y. (2020). Which is more effective in China? How communication tools influence public 

acceptance of nuclear power energy. Energy Policy, 147, 111887. 

Zohuri, B., & McDaniel, P. (2019). Advanced smaller modular reactors. Springer. 

Zou, C., Zhu, G., Yu, C., Zou, Y., & Chen, J. (2018). Preliminary study on TRUs utilization in a small modular 

Th-based molten salt reactor (smTMSR). Nuclear Engineering and Design, 339, 75–82. 


