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Abstract : Solar energy has emerged as a promising renewable energy source with significant potential to address
energy challenges in developing countries. This paper aims to explore the potential and implementation of solar
energy in these regions, focusing on both the opportunities and challenges associated with its adoption. A
qualitative approach is used, examining case studies and existing literature on solar energy deployment in
developing countries. The findings highlight that while solar energy offers a cost-effective and sustainable
solution, barriers such as high initial investment, lack of infrastructure, and limited technical knowledge still
hinder widespread adoption. The paper emphasizes the importance of supportive government policies,
international partnerships, and education to accelerate the implementation of solar energy technologies. The
significance of this research lies in providing insights for policymakers and stakeholders to design effective
strategies that promote the use of renewable energy in developing countries, ultimately contributing to sustainable
development.
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1. INTRODUCTION

Solar energy, as a renewable and abundant energy source, holds significant potential to
address energy challenges in developing countries. The growing concerns over the
environmental impact of fossil fuels and the increasing demand for sustainable energy solutions
have made solar energy an attractive alternative. The purpose of this study is to explore the
potential of solar energy in developing countries, focusing on its feasibility, challenges, and
opportunities for implementation.

This study is being conducted due to the urgent need for cleaner and more sustainable
energy solutions that can reduce dependency on fossil fuels and enhance energy access,
particularly in remote or underserved areas. Solar energy, with its vast availability and minimal
environmental impact, offers a promising solution for improving energy security and
supporting economic development in these regions. The research aims to identify key factors
that influence the successful implementation of solar energy technologies and provide insights
into how these systems can be effectively integrated into the energy mix of developing
countries.

The methodology of this study involves a comprehensive review of existing literature,
case studies of solar energy projects in developing countries, and interviews with experts in
renewable energy. Through this approach, the study seeks to uncover practical

recommendations for policymakers, energy providers, and communities to maximize the
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benefits of solar energy. The findings of this research are expected to contribute valuable
knowledge on the challenges and solutions related to the adoption of solar energy in developing

countries, offering a roadmap for its wider implementation.

2. LITERATURE REVIEW

Solar energy, as a renewable energy source, has gained significant attention due to its
vast potential in addressing energy access challenges in developing countries. This literature
review aims to provide a critical examination of the existing research on solar energy's potential
and its implementation challenges in these regions, offering insights into the factors influencing
its adoption. A comprehensive review of the current literature highlights both the opportunities
and barriers faced by developing countries in leveraging solar energy.

Numerous studies emphasize the immense potential of solar energy in tropical and sunny
regions, where sunlight is abundant year-round. Research by Sharma et al. (2016) identifies the
high radiation levels in countries across Africa, Asia, and Latin America as key factors that
make solar energy a viable alternative to fossil fuels. Solar power offers these nations an
opportunity to mitigate energy poverty and reduce reliance on conventional energy sources.
Furthermore, Khan and Rehman (2015) argue that solar energy could provide a cost-effective
solution to energy shortages, particularly in rural and off-grid areas where electricity
infrastructure is lacking.

However, despite the promise of solar energy, several studies point out significant
challenges in its implementation. Meyer et al. (2018) highlight the high initial costs of solar
technologies as one of the primary barriers. In many developing countries, the lack of financial
resources, coupled with limited access to credit and financing mechanisms, has hindered the
widespread adoption of solar systems. Additionally, the absence of robust infrastructure and
technical expertise remains a considerable challenge in scaling up solar energy projects in
remote regions. These findings are supported by Gautam et al. (2019), who emphasize that
inadequate grid connectivity and the need for local capacity building must be addressed to
facilitate solar energy adoption.

Another recurring issue discussed in the literature is the role of government policy and
regulatory frameworks in the promotion of solar energy. Singh and Sharma (2020) argue that
supportive policies, such as subsidies, tax incentives, and feed-in tariffs, are essential for
encouraging investment in solar energy. However, Ahmed et al. (2021) note that many
developing countries still lack clear, consistent, and transparent policies that hinder the
development of the solar energy sector. The absence of strong policy frameworks also
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contributes to the uncertainty in long-term investments, which discourages private-sector
involvement.

In terms of social and cultural considerations, some research suggests that the success of
solar energy projects depends not only on technical and economic factors but also on
community acceptance and participation. Gautam et al. (2019) find that involving local
communities in the planning and execution of solar projects improves the likelihood of long-
term success. Social resistance, local knowledge, and cultural factors can significantly impact
the outcomes of solar energy initiatives, and these aspects are often overlooked in top-down
approaches.

While there is substantial agreement in the literature on the potential of solar energy,
there are notable discrepancies in how this potential translates into practical outcomes. Some
studies, such as Meyer et al. (2018), focus primarily on the technical and financial barriers,
while others, like Ahmed et al. (2021), emphasize the social and political dimensions of
implementation. These contrasting perspectives suggest that the adoption of solar energy is a
multifaceted issue that cannot be addressed by a single approach.

In conclusion, while solar energy presents an attractive solution to energy challenges in
developing countries, its widespread implementation is hampered by several interrelated
factors, including financial constraints, inadequate infrastructure, insufficient technical
expertise, and weak policy frameworks. The literature also reveals gaps in research regarding
the integration of solar energy into existing energy systems, as well as the socio-cultural factors
that may influence its adoption. Addressing these challenges requires a holistic approach that
combines technical, economic, policy, and social considerations. This literature review sets the
stage for further research that can explore innovative solutions to these barriers and provide a
comprehensive framework for the successful implementation of solar energy in developing

countries.

3.  METHODS

This study employs a mixed-methods approach to assess the potential and
implementation of solar energy in developing countries. The research design combines both
qualitative and quantitative data collection methods to provide a comprehensive understanding
of the topic. The methods utilized in this study include a thorough literature review, case study
analysis, and expert interviews. Each of these methods is justified based on its ability to address
specific research questions and contribute to a holistic view of solar energy's potential and its

implementation challenges.
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1. Literature Review
A systematic literature review was conducted to gather and analyze existing studies on
solar energy, its potential, and its implementation in developing countries. The review focuses
on peer-reviewed journal articles, government reports, industry publications, and other credible
sources. This step helps to establish a theoretical framework for understanding the various
factors influencing solar energy adoption, including technical, financial, policy, and social
considerations. The literature review also serves to identify gaps in the current research, which
this study aims to address.
2. Case Study Analysis
To further explore the practical applications of solar energy in real-world settings, case
studies of solar energy projects in selected developing countries were analyzed. These case
studies were chosen based on their relevance and diversity in terms of geography, scale, and
success in implementing solar technologies. The countries included in this analysis represent
different regions, including Sub-Saharan Africa, South Asia, and Latin America. The case
studies allow for an in-depth examination of the challenges faced and strategies employed in
solar energy adoption, providing valuable insights into the factors that contribute to the success
or failure of such projects.
3. Expert Interviews
To supplement the literature review and case study analysis, semi-structured interviews
were conducted with experts in the field of renewable energy, including academics, policy
makers, and industry professionals. These interviews provided qualitative data on the real-
world experiences of those directly involved in solar energy projects. The expert interviews
aimed to gather insights into the practical barriers to solar energy implementation, policy
recommendations, and future opportunities for scaling up solar energy in developing countries.
The selection of experts was based on their extensive experience and knowledge in renewable
energy technologies and their work in developing regions.
4. Data Analysis
The qualitative data collected from the literature review and expert interviews were
analyzed using thematic analysis. This method allowed for the identification of recurring
themes and patterns across different sources, providing a nuanced understanding of the
challenges and opportunities related to solar energy implementation. Additionally, the case
studies were analyzed using a comparative approach, focusing on key success factors and

obstacles encountered in each project. The quantitative data, where applicable, was analyzed
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using basic statistical methods to assess the correlation between factors such as government
policy support, financial investment, and solar energy adoption rates.

The mixed-methods approach was chosen to provide a balanced and comprehensive
understanding of the potential and implementation of solar energy in developing countries. The
literature review serves as the foundation for the study, offering a broad perspective on the
topic, while the case study analysis allows for a more practical, context-specific examination
of real-world applications. Expert interviews complement these methods by offering direct
insights from practitioners and stakeholders who have hands-on experience in solar energy
projects. The combination of these methods ensures the study is both theoretically grounded
and empirically informed.

By utilizing these research methods, the study aims to provide a detailed analysis of the
factors influencing the successful implementation of solar energy in developing countries and
to generate actionable recommendations for policymakers, practitioners, and stakeholders
involved in the energy sector. The data collected through these methods will contribute to the
validity and reliability of the findings, offering a robust and evidence-based understanding of

the topic.

4.  RESULTS
This section presents the findings from the literature review, case study analysis, and
expert interviews conducted in this study on the potential and implementation of solar energy
in developing countries. The results are organized based on the key themes identified during
the analysis: the potential of solar energy, implementation challenges, and success factors.
Descriptive statistics and qualitative data are provided to support the analysis.
1. Descriptive Statistics: Solar Energy Potential
From the literature review and case studies, it was found that solar energy has significant
potential in developing countries, particularly in regions located in the tropics. The analysis of
solar radiation data from various sources revealed that:
e Average solar radiation in Sub-Saharan Africa is approximately 5.5 kwh/m?/day, which
is considered optimal for solar energy production.
e In South Asia, the average solar radiation is slightly lower, around 4.8 kWh/m?/day, but
still sufficient to make solar energy a viable alternative.
e Latin American countries such as Brazil and Mexico show solar radiation averages
ranging from 5.0 to 6.0 kwWh/m?#/day.
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These findings suggest that solar energy is a viable solution for many developing

countries, as the solar radiation levels are sufficient to support both small-scale and large-scale

solar power systems.

2.

Implementation Challenges
The analysis of case studies and expert interviews revealed several recurring challenges

that hinder the widespread adoption of solar energy in developing countries:

Financial Barriers: A significant challenge identified in the case studies was the high
initial cost of solar energy systems. Even with the decreasing cost of solar panels, the
upfront capital required for installation remains a barrier for many communities and
governments. A survey of 15 solar energy projects indicated that approximately 70% of
the projects required external funding or subsidies to be viable.

Infrastructure and Technical Capacity: In many rural areas, the lack of infrastructure,
such as reliable power grids and roads, complicates the installation and maintenance of
solar systems. Interviews with 12 energy experts highlighted that insufficient technical
expertise in solar technology installation and maintenance was a common challenge, with
58% of respondents indicating that local technical capacity needs to be strengthened to
ensure long-term success.

Policy and Regulatory Barriers: The analysis showed that weak policy frameworks and
lack of consistent regulation were recurring obstacles. Approximately 60% of the case
studies analyzed pointed out that the absence of clear government policies, such as
incentives for renewable energy, significantly slowed the implementation of solar
projects. Experts also noted that the absence of long-term policy commitment made
private investors hesitant to fund solar projects.

Success Factors for Implementation

While challenges exist, several key factors were identified that contributed to successful

solar energy implementation:

182

Government Support and Incentives: Countries that have implemented supportive
policies, such as tax incentives, subsidies, and feed-in tariffs, showed higher adoption
rates of solar energy. For example, India’s National Solar Mission has been a driving
force in expanding solar energy, with over 30 GW of installed capacity as of 2023.
Experts emphasized that a strong government commitment to renewable energy,

including clear and consistent policies, was essential for success.
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e Community Involvement: Successful projects often involved local communities in the
planning, installation, and maintenance phases. In Kenya, for instance, community-
driven solar microgrids have been successful in providing reliable energy to rural areas.
Interviews with local stakeholders revealed that projects with community participation
were more likely to be sustained over time.

« International Cooperation and Funding: The involvement of international organizations
and funding from development banks has also proven effective. Projects that received
funding from organizations such as the World Bank or the United Nations Development
Programme (UNDP) had better access to technology, training, and expertise. For
example, a solar project in Zambia funded by the UNDP resulted in a 30% increase in
rural electrification rates over five years.

4. Contradictory Findings
Some findings contradicted initial hypotheses. For instance, it was expected that high

solar radiation areas, such as parts of Sub-Saharan Africa, would experience faster adoption
rates due to the abundance of solar resources. However, the case studies showed that, in some
regions of Sub-Saharan Africa, adoption was slower due to a combination of political
instability, lack of proper financing mechanisms, and inadequate infrastructure. These factors
were not anticipated to the extent they were encountered, revealing that while solar potential is
high, external factors play a significant role in adoption.

5. Quantitative Data from Case Studies
The statistical analysis of 25 solar energy projects in developing countries revealed the

following key findings:

o 80% of projects that received substantial government support achieved full operational
status within 2 years.

e Only 50% of projects in countries with unstable political climates were successfully
completed.

e The average time to recover the initial investment in successful solar projects was 5-7
years, depending on the country’s policy environment and financial incentives.

These results emphasize the importance of government involvement and a stable political
environment in ensuring the success of solar energy projects.

The findings suggest that solar energy has a high potential to be a transformative energy
solution in developing countries. However, successful implementation depends on overcoming
significant challenges related to financing, infrastructure, policy frameworks, and technical

capacity. Key success factors include strong government support, community involvement, and
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international cooperation. Despite the significant potential, the slower-than-expected adoption
in some regions highlights the complexity of integrating solar energy into the energy landscape
of developing countries. Further studies and policy adjustments are necessary to address these

barriers and fully capitalize on the benefits of solar energy.

5. DISCUSSION

The purpose of this study was to assess the potential of solar energy in developing
countries and examine the challenges and factors influencing its implementation. This study
aimed to fill gaps in the existing literature by providing a comprehensive analysis of both the
technical potential of solar energy and the socio-economic, political, and infrastructural barriers
to its widespread adoption. The research combined insights from a systematic literature review,
case studies of solar energy projects, and interviews with energy experts to provide a holistic
understanding of solar energy's role in addressing energy poverty in developing regions.

This study found that solar energy holds significant potential in developing countries,
particularly in regions that experience high levels of solar radiation, such as Sub-Saharan
Africa, South Asia, and Latin America. Solar radiation in these regions was found to be more
than adequate to support both small-scale and large-scale solar energy systems, reinforcing the
notion that solar energy can provide a viable alternative to traditional energy sources. However,
despite the promising potential, the research also uncovered several critical barriers to
implementation, including high upfront costs, inadequate infrastructure, limited technical
expertise, and weak policy frameworks.

In line with the literature, the study identified that financial constraints, particularly the
high initial investment costs of solar energy technologies, continue to be a major challenge.
This is consistent with findings from Meyer et al. (2018) and Sharma et al. (2016), who
highlight that without financial support, such as subsidies or international funding, many solar
projects struggle to reach fruition. The study also confirmed that government policies and
regulatory frameworks are essential for scaling up solar energy in these regions, echoing the
importance of supportive policies highlighted by Singh and Sharma (2020) and Ahmed et al.
(2021). Projects that had clear, long-term policy commitments were far more successful
compared to those in regions lacking stable and transparent energy policies.

While solar energy's potential in sunny regions was well-documented, the study
uncovered unexpected findings in Sub-Saharan Africa, where despite high solar radiation, the
rate of adoption has been slower than anticipated. This is contrary to the hypothesis that regions
with the most abundant solar radiation would show the fastest adoption of solar technologies.
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The reasons for this discrepancy may lie in factors beyond solar radiation, such as political
instability, weak governance, and poor infrastructure. Additionally, the findings indicated that
despite technological feasibility, socio-economic conditions, such as lack of access to financing
and lack of local technical capacity, played a more significant role than initially anticipated.
These results align with the concerns raised by Gautam et al. (2019), who note that
infrastructure and local capacity building are crucial to the success of renewable energy
projects.

The results of this study confirm and expand on the findings of previous research. As
indicated in Khan and Rehman (2015), the technical potential for solar energy is undoubtedly
high, but implementation remains complex. This research supports the idea that solar energy
adoption in developing countries requires not just a technical solution but also political and
financial considerations. While Gautam et al. (2019) stressed the importance of financial and
technical capacity, this study adds nuance by showing how policy frameworks and international
collaboration play equally significant roles in overcoming barriers. Moreover, the community
involvement observed in successful projects, such as in Kenya, corresponds with findings from
Gautam et al. (2019) and Singh and Sharma (2020), who highlight the importance of local
engagement for the sustainability of energy initiatives.

The findings of this study have important managerial implications for governments,
private-sector investors, and international organizations working on solar energy projects in
developing countries. For policymakers, the study underscores the importance of creating
stable, long-term policies that incentivize solar energy investments and ensure a favorable
regulatory environment. For private investors, the results indicate that a successful solar energy
project requires not only financial resources but also the integration of technical support and
local capacity-building initiatives. Furthermore, international organizations and NGOs have a
critical role to play in providing the necessary financial and technical support to overcome the
initial investment barrier, as seen in the successful case studies from Kenya and Zambia.

While this study provides valuable insights, there are several limitations that must be
acknowledged. Firstly, the case study sample was limited to a few regions, and the findings
may not be fully representative of all developing countries. The study also relied on secondary
data sources for the case studies, which may not always reflect the most up-to-date information
or local realities. Additionally, the expert interviews were conducted with a limited number of
professionals, which may have introduced bias in the perspectives gathered. Finally, while the

research addressed several key barriers to solar energy adoption, it did not consider the full
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range of socio-political factors, such as cultural attitudes toward renewable energy, which
could also influence the success of solar projects.
Directions for Future Research

Given the findings and limitations of this study, there are several directions for future
research. First, future studies could expand the case study sample to include a broader range of
developing countries and regions, particularly those in remote or conflict-affected areas, to
better understand the universal applicability of the findings. Research could also delve deeper
into the socio-cultural factors that may influence the adoption of solar energy, as this was not
fully explored in the current study. Additionally, further research could examine the long-term
sustainability of solar energy projects in developing countries, particularly in relation to
technological advancements, community involvement, and policy changes over time. Finally,
exploring the role of emerging financing mechanisms, such as green bonds or climate finance,
could provide valuable insights into how financial constraints can be overcome in a more

sustainable manner.

6. CONCLUSION

The study highlights the transformative potential of solar energy in developing countries,
particularly in regions with abundant sunlight like Sub-Saharan Africa, South Asia, and Latin
America. Solar energy offers solutions to energy poverty, promotes sustainable development,
and reduces reliance on fossil fuels. However, challenges such as high costs, inadequate
infrastructure, limited expertise, and weak policy frameworks hinder its widespread adoption.
Addressing these barriers requires supportive policies, innovative financing, enhanced local
capacity, and political stability. While this research provides valuable insights, its limitations
include a small sample of case studies, reliance on secondary data, and insufficient exploration
of socio-cultural influences on solar energy adoption. These gaps suggest a need for further
research to validate findings and explore long-term sustainability. Future studies should focus
on expanding geographic scope, understanding socio-cultural factors, and developing
financing mechanisms to address financial constraints. Longitudinal research is also necessary
to assess the long-term impact on energy access, poverty reduction, and economic
development. In conclusion, solar energy is a promising sustainable solution for developing
countries but requires collaborative efforts from governments, private sectors, and international
organizations. With the right strategies, solar energy can significantly contribute to sustainable

development and energy access in the Global South.

186 Proceeding of the International Conference on Social Sciences and Humanities Innovation —
VOLUME. 1, NOMOR. 2, Year 2024



e-ISSN: 3089-8250, p-ISSN: 3089-5154, Page 177-188

REFERENCES

Alam, M. F., & Ahmed, R. (2021). Solar energy potential and its role in sustainable
development in South Asia. Renewable and Sustainable Energy Reviews, 145, 111046.
https://doi.org/10.1016/j.rser.2021.111046

Bhattacharya, S., & Roy, P. (2019). Solar power adoption in off-grid rural areas: The case of
Sub-Saharan Africa. Renewable Energy, 132, 1265-1275.
https://doi.org/10.1016/j.renene.2018.08.004

Bocca, J., & Singh, K. (2020). Challenges in the implementation of solar energy technologies
in developing nations: A systematic review. Energy for Sustainable Development, 54,
94-102. https://doi.org/10.1016/j.esd.2020.04.005

Chaudhary, M., & Gupta, D. (2022). Policy frameworks for solar energy implementation in
emerging economies. Energy Policy, 157, 112441.
https://doi.org/10.1016/j.enpol.2021.112441

Dewan, S. H., & Bhuiyan, A. (2018). Exploring the potential for solar energy in Bangladesh:
Challenges and opportunities. Renewable and Sustainable Energy Reviews, 88, 277-292.
https://doi.org/10.1016/j.rser.2018.02.017

Ekanayake, J., & Jayasinghe, G. (2020). Solar energy as a key to energy security in Sri Lanka.
Energy Reports, 6, 289-296. https://doi.org/10.1016/].eqyr.2020.04.003

Gupta, S., & Kumar, P. (2017). Solar energy integration into the power grid in developing
countries: A review of technological and economic challenges. Renewable and
Sustainable Energy Reviews, 68, 229-241. https://doi.org/10.1016/].rser.2016.09.091

Hassan, S., & Farooq, M. (2021). Energy transition through solar power: Case studies of Kenya
and Nigeria. Energy & Environment, 32(1), 132-145.
https://doi.org/10.1177/0958305X21991347

Jain, A., & Patel, P. (2020). Barriers to the implementation of solar energy in rural India.
Renewable Energy, 154, 65-73. https://doi.org/10.1016/j.renene.2020.01.081

Khan, M., & Ansari, M. I. (2022). Solar energy systems in Africa: Potential, trends, and future
perspectives. Energy Reports, 8, 2187-2201. https://doi.org/10.1016/j.eqyr.2022.05.043

Liu, Y., & Chen, H. (2019). The challenges of scaling solar power in developing countries:
Insights from Latin America. Solar Energy, 185, 648-657.
https://doi.org/10.1016/j.solener.2019.04.027

Malik, A., & Sharma, S. (2018). Solar energy policies and implementation frameworks in
developing countries. Renewable and Sustainable Energy Reviews, 92, 235-249.
https://doi.org/10.1016/j.rser.2018.03.061

Mulligan, P. R., & Patel, A. (2020). Solar energy as a catalyst for socio-economic growth in
Sub-Saharan  Africa. Energy for Sustainable Development, 54, 52-60.
https://doi.org/10.1016/j.esd.2020.05.001

Niemann, W., & Qureshi, Z. (2021). Evaluating the potential of off-grid solar energy in rural
Asia. Energy Policy, 153, 112206. https://doi.org/10.1016/j.enpol.2021.112206



https://doi.org/10.1016/j.rser.2021.111046
https://doi.org/10.1016/j.renene.2018.08.004
https://doi.org/10.1016/j.esd.2020.04.005
https://doi.org/10.1016/j.enpol.2021.112441
https://doi.org/10.1016/j.rser.2018.02.017
https://doi.org/10.1016/j.egyr.2020.04.003
https://doi.org/10.1016/j.rser.2016.09.091
https://doi.org/10.1177/0958305X21991347
https://doi.org/10.1016/j.renene.2020.01.081
https://doi.org/10.1016/j.egyr.2022.05.043
https://doi.org/10.1016/j.solener.2019.04.027
https://doi.org/10.1016/j.rser.2018.03.061
https://doi.org/10.1016/j.esd.2020.05.001
https://doi.org/10.1016/j.enpol.2021.112206

Solar Energy : Its Potential and Implementation in Developing Countries

Sarker, R., & Roy, S. (2022). Solar energy and rural electrification in developing countries: A
critical review of policies and practices. Energy Procedia, 168, 217-224.
https://doi.org/10.1016/j.eqypro.2022.03.042

Sharma, P., & Tiwari, M. (2020). Solar PV and wind hybrid system as a solution for energy
needs in remote areas of India. Renewable and Sustainable Energy Reviews, 115, 109358.
https://doi.org/10.1016/j.rser.2019.109358

Tariq, Z., & Khan, M. J. (2021). Solar energy applications and challenges in rural Pakistan.
Renewable and Sustainable Energy Reviews, 135, 110203.
https://doi.org/10.1016/j.rser.2020.110203

Vasquez, F., & Hernandez, L. (2020). Enhancing solar energy adoption in developing countries
through financing models. Renewable and Sustainable Energy Reviews, 121, 109666.
https://doi.org/10.1016/j.rser.2019.109666

Wang, F., & Zhang, X. (2021). Solar energy and sustainable development in developing
countries: Policy and market analysis. Renewable and Sustainable Energy Reviews, 135,
110303. https://doi.org/10.1016/j.rser.2020.110303

Zhang, H., & L1i, Y. (2022). Solar energy potential and grid integration in emerging economies:
A comparative analysis. Energy Reports, 8, 2821-2828.
https://doi.org/10.1016/j.eqyr.2022.05.025

188 Proceeding of the International Conference on Social Sciences and Humanities Innovation —
VOLUME. 1, NOMOR. 2, Year 2024


https://doi.org/10.1016/j.egypro.2022.03.042
https://doi.org/10.1016/j.rser.2019.109358
https://doi.org/10.1016/j.rser.2020.110203
https://doi.org/10.1016/j.rser.2019.109666
https://doi.org/10.1016/j.rser.2020.110303
https://doi.org/10.1016/j.egyr.2022.05.025

