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Submitted: July 23, 2025 energy poverty, boost economic development and improve on environmental
Final Revised: August 11, 2025 sustainability. Method: The lack of access to good electricity, especially rural and
Accepted: September 20, 2025 remote locations, has limited social and economic growth, and as a result, decentralized
Published: October 25, 2025 solar systems can serve as an alternative to traditional electricity systems. Although it
Keywords: has potential, solar energy has various issues that hinder its mainstream application.
Solar energy The factors affecting adoption include societal ones, such as community skepticism and
Developing countries perceived external pressures, and geopolitical considerations in terms of equity and

climate justice make international cooperation more complex. Results: Not only does
solar energy satisfy increasing energy needs, but it also helps to reduce climate change
through less reliance on fossil fuels and a decrease in greenhouse gases. Integration and
scalability are hindered by technological constraints, old infrastructure and lack of
technical know-how. The lack of financial resources, excessive initial investment, and
complicated international funding environment also limit the projects. The uncertainty
of investors and developers is produced by policy and regulatory barriers and the
discrepancy between national strategies and the needs of the local communities.
Effective examples of successful projects in places like Rwanda, Kenya, and Bangladesh
have shown that proper solar programs can reduce energy poverty, generate jobs and
enhance education and health outcomes. Novelty: Future opportunities are based on
the technological innovation, energy storage and smart grid system investments and
the creation of inclusive financing systems. With a solution to these obstacles and
opportunities, solar energy in developing nations has the potential to contribute to
sustainable development objectives, to improve energy security and quality of life of
millions, and to make renewable energy a key element of the future socio-economic and
environmental stability.

Renewable energy adoption
Energy poverty

Sustainable development

INTRODUCTION

The implementation of solar energy among developing nations is a revolutionary
route on the way to mitigating energy poverty, fueling economic development, and
enhancing environmental sustainability. In most of these countries, there is still no access
to stable supplied electricity especially in rural and remote regions whereby traditional
grid connections are not available or inaccessible. Solar energy is a decentralized and
renewable alternative that can potentially fill this gap, by supplying communities with
uninterrupted supply of power at home, school, health facilities, and small-scale
businesses [1].

In addition to satisfying increasing energy requirements, solar use can play a key
role in mitigating climate change across the globe because it will decrease reliance on
fossil fuels and decrease greenhouse gas emissions, which is why it is a highly important
element of sustainable development policies. Although it has obvious advantages, there
are significant obstacles to the widespread use of solar energy. The scalability of
renewable solutions is hindered by technological constraints including inefficiencies in
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photovoltaic systems, and challenges in converting solar power to current energy grids.
The financial constraints also make the process of adoption challenging because, in a
number of developing countries, there is no capital that can be used in large-scale
infrastructure development, and it is difficult to offer enough incentives to attract
investment on a larger scale [2].

These barriers are increased by outdated energy infrastructure, insufficiency of
technical expertise and a lack of supportive maintenance networks that leaves both the
policy makers and investors in doubt. Social and cultural influences also contribute, as
not all communities are ready to use new technologies because they are not familiar with
them, are distrustful, or believe they are expensive. Furthermore, equity and climate
justice geopolitical issues make the situation more complicated, with most developing
countries feeling pressured by developed countries to switch to renewable energy as
unequal [3]. These challenges must be tackled in a multifaceted and coordinated way.
The governments, international organizations, and local communities have to cooperate
in order to create the all-encompassing policy frameworks, innovative financing models,
and the involvement and engagement of communities.

Financial barriers can be reduced by policies providing low-interest loans, tax
incentives, and subsidies. Meanwhile, technical training programs and knowledge
transfer initiatives may establish the local solar technology deployment and maintenance
capacity. The successful experience of such countries like Rwanda, Kenya and
Bangladesh shows that properly designed solar projects can not only reduce energy
poverty, but also spur the local economy, provide employment, and raise health and
education standards, which points to the possibility of renewable energy becoming an
engine of larger socio-economic growth [4]. Solar initiatives have been a challenge in
terms of sustainability and equity. The solutions should be specific to the needs, abilities,
and cultural backgrounds of the local communities and not a one-size-fits-all solutions.

The success of technology in the long-term is not only determined by technology
and funding but also its ability to promote local ownership, community involvement,
and dynamic management approaches that will be responsive to changing energy
requirements and environmental factors. In the end, solving these technical, financial,
social, and political hurdles and exploiting the enormous potential solar energy offers in
developing nations is the key to the future of solar energy [5]. With an increase in the
number of technological advances and the ongoing rise in the investment in renewable
energy in the world, there is hope that solar energy will be at the centre of sustainable
development goals, economic resilience and better quality of life to millions of people
across the world. With a carefully considered and all-inclusive approach to renewable
energy solutions, developing countries can not only address their energy demands in the
short term, but also establish a platform towards long-term ecological and socio-
economic sustainability.
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METHODOLOGY
Solar Energy Adoption in Developing Countries: Opportunities and
Challenges

The introduction of solar energy in developing nations provides a revolutionary
chance of solving energy poverty, spur economic development, and environmental
sustainability. Since most countries are experiencing challenges of accessing reliable
electricity, decentralized solar power can be used to supply rural populations with
power, enhance the standard of living, and minimize the use of fossil fuels, thus reducing
greenhouse gas emission and climate change [6]. Although it has potential, its
widespread usage is challenging. Progress is usually derailed by technological
constraints, budgetary considerations, and regulatory issues, as well as by opposition to
change in the society. Solar projects pose uncertainty to investors as many countries are
faced with old infrastructure in the energy sector, lack of technical knowhow and
resources to invest in solar projects.

The issue of geopolitical concerns related to equity and climate justice can also
complicate the implementation, with certain countries feeling the outside pressure as
unfair. The only way to overcome these obstacles is to have governments, communities,
and international organizations working together to create supportive policies,
innovative types of financing, and community engagement strategies. The prospects,
however, are great. Solar energy infrastructure investment can spur the economy and
create jobs by creating employment opportunities in the installation, maintenance, and
production of solar technologies [7]. The solar energy also offers decentralized energy
access point in the rural and remote locations making educational and economic activities
possible when it is dark due to the solar-powered streetlights and small-scale business
operations (Figure 1). The transition has a beneficial environmental impact by
minimizing greenhouse gases and air pollution, which benefits the health of the
population and reduces expenses related to health. Solar energy also promotes
technological innovation and transfer of knowledge. The development of local expertise,
in conjunction with international cooperation, will provide the opportunity to offer
solutions to the community-specific energy needs [8].

These benefits can be enhanced by good policy frameworks and community
involvement. The accessibility, relevance and sustainability of the projects through
financial incentives, low-interest loans, and local-led initiatives gives community
members a sense of ownership. Essentially, the future of the solar energy uptake in the
developing nations lies in the capacity to respond to the technological, financial, and
societal challenges and the exploitation of the economic growth, energy access,
environmental safety and empowerment of the community. The achievement in this field
can become central to the process of promoting sustainable development and enhancing
the lives of millions.
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Figure 1. Renewable Energy in Developing Countries [34].

RESULTS AND DISCUSSION
Challenges in Solar Energy Adoption in Developing Countries

Use of solar energy in developing countries is a good avenue to sustainable
development but it is a complicated journey that is not easily implemented due to
numerous problems that are experienced. All of these difficulties are technological,
financial, regulatory, and societal in nature, with each of the challenges bringing its own
challenges and barriers that need to be overcome to achieve successful integration of
renewable energy systems [1]. One of the greatest obstacles to the adoption of solar
energy is the technological obstacles. A lot of developing countries use outdated
infrastructure which is not geared towards renewable energy sources and thus, itis hard
to integrate solar power with the current electricity systems. The intermittent solar
generation can cause grid instability in systems with insufficient storage or distribution
capacity, making it difficult to manage and reliable [9].

In addition to infrastructure, technical expertise to design, install, operate and
maintain solar energy systems is usually in short supply. In the absence of talented
human resources, the process of scaling up solar projects is slow and unpredictable,
which reduces the overall effectiveness of renewable energy projects. Another severe
challenge is financial constraints. Initial expenses of solar energy initiatives such as
buying photovoltaic panels, batteries, installation equipment may be prohibitive in low-
income areas. Most developing countries find it hard to raise adequate capital to support
these projects even in cases where they can see the long-term economic payoffs.
International financing can provide an answer, and it is not always easy to go through
intricate funding systems and comply with strict eligibility requirements by governments
and local developers (Table 1) [10].

Solar projects will not be accessible to the community that needs them most without
special financial plans, like subsidies, low-interest loans, or even government-sponsored
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partnerships. Policy and regulatory environment is also a critical factor in defining the
success of adoption of solar energy. The ineffective or old energy policies in most
countries do not offer a clear guideline on how to incorporate the renewable technologies.
Uncertainty in regulation deters investment, and complicated bureaucratic processes can
delay the process of approving and implementing a project [11]. Moreover, the national
energy policies might not consistently be in line with the needs of the local communities,
resulting in loopholes in support and coordination. Unstable application of laws and
incentives to encourage the participation of the private sector may also slow the process
and innovative solar projects may not pick up.

The community involvement is a critical aspect of the sustainability and efficiency
of solar energy projects, but there are usually societal issues. Local populations may be
skeptical or opposed to solar energy because of the lack of awareness regarding its
advantages. Certain communities might feel threatened by some of the possible impacts
on the traditional livelihoods or feel that the renewable energy projects have been foisted
down their throats especially when it is led by international donors or the developed
countries [12]. Even technically sound and well-funded projects might fail to be
successful in the long term unless there is active involvement and buy-in by the local
stakeholders.

Development of trust, education and community involvement in planning and
decision making are hence paramount aspects of any solar energy program. Although
solar power presents revolutionary potential to the developing nations, its
implementation is limited by the challenges that are interconnected in nature,
technological, financial, regulatory, and social [13]. To resolve these obstacles, it is
important to have a holistic approach, which involves infrastructure improvements,
financial innovation, policy changes, and meaningful community involvement. It is only
through addressing these issues concurrently that developing countries can maximize
the potential of solar energy to enhance energy access, boost economic growth and
sustainable development.

Table 1. Opportunities and Benefits of Solar Energy Adoption in Developing

Countries
Aspect Description Impact on Development  Reference
Energy access Solar energy provides Improves access to lighting, [14]
improvement decentralised electricity to education, healthcare

rural and remote areas where services, and small business
grid infrastructure is limited.  activities.

Climate  change Solar power reduces reliance Supports global climate [2]

mitigation on fossil fuels and lowers  targets and  promotes
greenhouse gas emissions. environmentally sustainable
development.
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Economic growth Solar industry  generates Stimulates local economies [8]
and job creation employment in installation, and promotes green job
maintenance, manufacturing, creation.
and technical services.
Rural Off-grid solar systems and Enhances social welfare and [15]
electrification solar home systems provide economic productivity in
electricity to communities rural regions.

without grid access.

Public health and Solar adoption reduces air Decreases respiratory  [6]
environmental pollution caused by fossil fuel diseases and lowers
benefits energy generation. healthcare costs.

Technological Solar  adoption  promotes Encourages research [16]
innovation development of energy storage collaboration and

systems and smart grid technological advancement.

technologies.

2. Geopolitical Context and Case Studies of Solar Energy Adoption

The prevalence of solar energy in developing nations is not simply determined by
technological, economic and social factors but by complicated geopolitics. The move
towards renewable energy in many countries, especially in the Global South, is seen as
coercion by the developed nations, and climate justice and equity are questioned [17].
These countries claim that they do not need to take the major responsibility of switching
to green energy since they have contributed less to the global greenhouse gas emissions
historically and are still working towards meeting their economic development targets.
This is a difficult situation to collaborate globally, where the advantages of cooperation
have to be balanced with the fear of injustice and national independence [18]. With these
setbacks, the possibility of solar energy to reduce energy poverty, spur economic growth,
and facilitate sustainable development is demonstrated in many cases in developing
countries.

In Rwanda, one of the most impressive achievements has been the construction of
a solar power project which was the quickest in Africa, and was completed within six
months in 2014. The facility, which has more than 28,000 solar panels, has a 8.5 megawatts
capacity which increases the electrical capacity of the country by 6 percent and serves
over 15,000 households. Rwandan government is still investigating more solar power
plants, which is a good sign of its intentions to develop renewable energy [19]. In Kenya
with a large percentage of the population having no secure access to electricity, the
government undertook the Kenya National Electrification Strategy to have a universal
access. The major part of this plan is solar energy, especially in the rural electrification.
Local projects have been able to provide tens of thousands of households with solar
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solutions, such as Solarium and M-KOPA Solar, installing hundreds of thousands of solar
products (Figure 2) [20].

These initiatives have helped to alleviate energy poverty and quality of life
throughout the nation. Another interesting case of solar adoption that is decentralized is
that of Bangladesh. Having more than 5.2 million solar home systems in place,
approximately 12 percent of the population is now enjoying access to electricity, which
has changed the energy landscape in the rural areas. International cooperation with the
world bank has also helped to roll out solar irrigation pumps and micro grids, which
have also improved access to energy [21]. Microfinance programs have helped families
to have access to solar systems and thus renewable energy is accessible and practical to
use in daily life.

The equitable solar programs provide lessons to developing countries even in
developed countries. In the US, the example of Sol Smart initiatives can explain how local
authorities can address the obstacles associated with the development of the workforce,
the access to community solar, and the possibilities of financing projects by low and
medium-income families [22]. These initiatives offer a model of how to emulate effective
practices and emphasize on the role of equity, inclusion, and community involvement in
the implementation of solar energy. Taken together, these case studies reveal that
geopolitical, economic, and social factors make the realization of solar energy a
challenging endeavor, but with a proper design and an inclusive approach to the issue,
it is possible to overcome hurdles and provide transformative advantages [16]. They
highlight the importance of holistic solutions that incorporate technological novelty,
financial affordability, policy, and community to have sustainable and fair energy
solutions in various settings.
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Figure 2. Infographic on Renewable Energy Illustrating Solar Wind [35].
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Future Prospects of Solar Energy Adoption
Although solar energy has been proven to be successful in several case studies,

there are still immense hurdles to the adoption of solar energy in the developing world.
The main obstacles are supportive policy frameworks, innovative financial mechanisms,
and effective partnerships between stakeholders in the energy sector [23]. The challenges
mentioned above are essential in ensuring that solar energy projects are sustainable, fair
and able to cause sustainable socio-economic growth. Simultaneously, the achievements
observed in the countries like Rwanda, Kenya, and Bangladesh can also offer some
substantial insights that can be utilized to implement renewable energy programs in
other areas. The future of the adoption of solar energy in developing countries has both
challenges and opportunities. With the ongoing solar technologies development, and the
reduction in expenses, the possibility of more installations is high, which will further
improve energy autonomy and energy resilience in these areas [24]. Emerging markets
have proven to be able to design, build and operate large-scale solar projects at shorter
durations, placing them in a position to compete with more developed markets and are
able to respond quickly to the increasing energy demands. The most important issue
in the realization of this potential is the financial investment. To have a sustainable
energy future, significant annual investments in renewable energy infrastructure, such as
solar, will be necessary to aid in the development of technology, following the
implementation of the project, and its maintenance [25]. Such investments not only play a
vital role in the generation of energy but also, they lead to the creation of economic value
in minimizing environmental harm and health-related expenses with regard to pollution.
Although the initial expenses and the lack of financial resources of most developing
nations are considered as a problem, new forms of financing, microfinance, and global
collaborations are becoming crucial facilitators of solar energy use (Table 2).

The global agreements and development programs lead to the sharing of
technologies, joint projects, and transfer of knowledge that would assist in bridging the
financial and technical disparities. Adoption barriers are also essential barriers to be
overcome with the help of technology. Energy storage technologies, like flow batteries
and smart grid systems, are a response to the intermittence of solar energy and to increase
grid resilience [14]. With enhanced energy management systems, the demand and supply
are better forecasted and therefore the solar energy can be effectively used even when the
sunlight is low. Current studies are aimed at maximizing the efficiency of solar panels
and increasing the storage of energy, which will further make solar energy a more
feasible option in satisfying the constantly rising electricity demand of developing
countries.

In addition to financial and technological issues, the involvement of the community
and locally focused solutions are critical to sustainable adoption of solar energy.
Empowering the local people and incorporating the social aspects in the renewable
energy plans have been particularly effective. Community-based programs that engage
communities in the planning, design and implementation of solar systems do not only
provide solutions to energy poverty, but also lead to economic growth, job creation and
social justice. It is possible to reach long-term resilience and create benefits that are much
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beyond the access to energy alone by prioritizing local participation and ownership in
solar energy initiatives [26]. Although policy-related, funding, technology, and social
interaction challenges still exist, the prospects of using solar energy in third world
countries are immense. Combined strategic investments, technological development,
global cooperation and community-based methods will lead to a future where solar
energy will help revolutionize energy access, promote economic development and foster
sustainable development and climate resilience worldwide.
Table 2. Major Challenges Affecting Solar Energy Adoption in Developing

Countries.
Challenge Key Issues Consequences Reference
Category
Technological Outdated infrastructure and Grid instability and reduced [9]
limitations difficulty integrating solar efficiency of renewable
power into existing grids. energy systems.
Lack of technical ~Shortage of trained Slower project [27]
expertise professionals for installation, implementation and reduced
maintenance, and system long-term sustainability.
management.
Financial High initial investment costs Limits large-scale adoption [10]
constraints for  photovoltaic  panels, and delays renewable energy
batteries, and infrastructure. projects.
Policy and Weak policy frameworks, Creates uncertainty for [11]
regulatory bureaucratic procedures, and investors and slows
barriers inconsistent regulations. renewable energy
development.
Social acceptance Limited  awareness and Reduces community [28]
issues scepticism  toward  new participation and project
technologies among sustainability.
communities.
Geopolitical Developing nations perceive Complicates  international [17]
concerns global renewable energy cooperation and energy
pressure as inequitable. policy implementation.
Discussion

The implementation of solar energy in third world countries is a revolutionary way
of solving energy poverty, economic prosperity and environmental sustainability. Most
developing countries are still struggling with the lack of access to quality power supplies,
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especially in rural and remote communities, where the traditional grid connections are
usually absent or untrustworthy [29]. The solar energy as a decentralized and renewable
alternative can fill this gap since it can ensure that homes, schools, health care centers and
small businesses have reliable electricity. In addition to fulfilling the increasing energy
demand, solar energy use is also a leading activity in reducing climate change by
minimizing the use of fossil fuels and the emission of greenhouse gas emissions, which
makes it an essential element in sustainable development policies. Although the potential
is obvious, the realization of solar energy on a large scale in the developing countries is
surrounded with many challenges. The greatest barriers include technological
constraints. Most locations use outdated infrastructure that is not intended to
accommodate renewable energy sources, which makes grids unstable and makes it
difficult to accommodate intermittent solar power [30].

Also, lack of trained manpower to design, install, operate and service solar energy
systems is another obstacle. Even the most well-financed projects may be slowed down
or fail to meet their expectations without the sufficient technical skills, which will reduce
the sustainability of solar projects. Another major obstacle is the financial constraints.
Initial expenses of solar set ups, such as photovoltaic panels, batteries and distribution
plants are prohibitive to low-income countries. Although the benefits of a long-term
economy are apparent, most nations find it difficult to assemble enough capital, and
gaining international financing may entail working through tedious financial
frameworks [31]. The scaling of solar energy systems is not massive yet without new
financing instruments like low-interest loans, subsidies and public-private collaborates.
Regulations and policy structures also affect adoption rate.

Poor policies in most countries are either obsolete or incomplete and hence do not
give definite support of renewable energy, giving directors and financiers a grey area.
The development of solar infrastructure is also made complicated by bureaucratic
hurdles, imbalance between the national strategies and the needs of the local
communities and inconsistent enforcement of the regulations [30]. The question of
societal factors is also crucial in determining the use of solar energy. The community
involvement of a renewable energy project is a key component of sustainability, but
numerous initiatives are poorly received or opposed by the local communities. The
ignorance of the perceived advantages of solar power, fear of an imposition on
conventional livelihoods by the renewable energy programs may hinder local support.
Relationships (developing trust), education, and community participation in planning
and decision-making are thus important constituents of an effective deployment of solar
energy [27].

There is an additional layer of complexity of geopolitics. The fact that the world is
moving towards renewable energy is seen by many developing countries as an element
of coercion by developed nations, and results in questions of equity and climate justice.
These countries typically claim that they are not primarily responsible towards green
energy transition as they have contributed less to the global greenhouse emission in the
past and they need to focus on economic growth [30]. This dynamic brings out the need
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to strike a balance between the global collaboration and fairness in order to make
renewable energy activities effective and fair. Nonetheless, with the right
implementation, the transforming power of solar energy can be exemplified in many case
studies. An example of this was Rwanda, which became Africa in the quickest
constructed solar energy project in 2014 (anger-8.5 Megawatts of power) which serves
over 15,000 households. Kenya has used its National Electrification Strategy to promote
solar energy to the rural communities, including local projects like M-KOPA Solar that
provide energy access to tens of thousands of households [15].

Bangladesh has more than 5.2 million solar home systems installed, and through
microfinance and international collaborations almost 12% of the population now have
access to electricity. Even in highly developed nations such as the United States, there are
lessons given on fair solar installation, programs are set to develop the workforce,
provide access to capital, and community solar plans as a means to ensure wider
involvement. Solar energy in the developing world has a bright future that has hinged
on strategic measures towards eliminating the current obstacles. The intermittency of
solar energy and the reduced reliability of electricity grids can be reduced with the help
of technological innovations and improvements, such as storage technologies and
intelligent grids [30]. Which can be better forecasted and responsive to energy demand,
leading to more resilient and flexible energy networks, through improved energy
management systems. The viability of solar energy as a valid alternative to address
increasing electricity demands has been further strengthened by research on optimizing
the efficiency of photovoltaic and on extending the storage capacity. Scaling of renewable
energy continues to center around financial investment [28]. To secure a sustainable
energy future, it needs significant investments in terms of annual budgets to build
infrastructures, enhance technology and see the economic gains of a diminished
environmental damage and decreased costs in health-related matters.

Although the initial investments and constraints of resources can be a problem, the
development of new financing schemes, international partnerships, and policy incentives
is facilitating the wide availability of sun power. Efforts through global frameworks, like
climate agreements, will help to establish the transfer of technology and better
collaborations towards a more inclusive and collaborative renewable energy
environment. The incorporation of community involvement and locally-based solutions
is equally vital. The social and economic effect of solar energy is increased by decisions
that enable the community to participate in the planning and execution of projects, i.e.,
relying on the local residents [32].

These programs foster ownership, equity and long-term sustainability by tapping
into the local knowledge and priorities. Community-led solutions also avert irrelevance,
social and environmental challenges instability of energy solutions as well as ensure
acceptance. Although there are technological, financial, regulatory, societal and
geopolitical obstacles to the adoption of solar energy in developing countries, the
opportunities are immense. Solar energy can help to reshape access to energy, kick-start
local economies, enhance community health, and reduce climate change [33]. Successful
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case studies teach the need to employ integrated strategies merging technological
innovation, financial support, policy reform, and community participation. These
opportunities can help developing nations have a sustainable energy system that will
support economic development, social equity and environmental resilience, which will
improve the quality of life of millions of people around the globe.

CONCLUSION

Fundamental Finding: The adoption of solar energy provides tremendous
opportunities in developing countries to reduce energy poverty levels, boost economic
development and ensure that the environment can be sustained. Implication: Through
these openings, developing countries will be able to increase access to energy, elevate
resilience and even gain more unique socio-economic and environmental advantages,
making solar energy one of the foundations of sustainable development and climate
change reduction. Limitation: Although there are challenges such as technological
constraints, financial constraints, policy gaps, societal resistance, and geopolitical issues
are still there, Future Research: successful case studies show that strategies backed by
other players such as coordinating actions can address these challenges.
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