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Abstract

Energy access is a critical driver of socioeconomic development, influencing healthcare, education, industry, and overall quality
of life. Despite its importance, Africa continues to experience substantial energy deficits, with over 600 million people—
predominantly in rural areas—Ilacking access to electricity. The slow and costly expansion of conventional grid infrastructure
exacerbates energy poverty, deepening economic inequalities and limiting growth opportunities. Solar energy has emerged as
a promising solution for rural electrification, offering a sustainable, scalable, and cost-effective alternative to traditional fossil
fuel-based systems. By leveraging abundant solar resources, African rural communities can gain reliable electricity access,
fostering local development and enhancing living standards. This study examines the role of solar power in bridging the energy
access gap, highlighting its potential to transform rural livelihoods, promote economic inclusion, and contribute to sustainable
development across the continent.
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Introduction

Energy access is a fundamental pillar of socioeconomic development, enabling advancements in healthcare,
education, industry, and overall quality of life (IEA, 2022). However, Africa continues to face significant energy
deficits, with over 600 million people lacking electricity, particularly in rural areas where grid expansion remains
slow and costly (World Bank, 2021). This persistent energy poverty exacerbates economic inequalities and limits
opportunities for growth, highlighting the urgent need for alternative solutions to bridge the energy access gap
(Sovacool et al., 2021). Solar energy has gained increasing recognition as a transformative solution for addressing
Africa’ s rural electrification challenges, offering a sustainable and scalable alternative to traditional fossil fuel-
based energy systems (IEA, 2022). Given that many African rural communities are located far from national
grids, extending conventional electricity infrastructure is often economically and logistically unfeasible (World
Bank, 2021). In contrast, solar power’ s decentralized nature enables localized electricity generation, reducing
reliance on expensive grid expansion and allowing households and businesses to access energy independently
(Nygaard & Hansen, 2021). One of the key advantages of solar energy is its costeffectiveness in the long run.
While the initial installation costs for solar photovoltaic (PV) systems can be high, declining technology prices
and innovative financing models—such as payas-you-go (PAYG) schemes and microfinance options—have
made solar energy increasingly accessible to low-income households (Glemarec, 2017). Furthermore, solar power
reduces the recurring costs associated with diesel generators and kerosene lamps, which remain prevalent in many
rural communities despite their negative economic and environmental impacts (IEA, 2022). By replacing these
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expensive and polluting energy sources, solar energy alleviates financial burdens on households while promoting
sustainable energy consumption (IRENA, 2023).

Beyond affordability, solar energy significantly contributes to environmental sustainability. The transition from
fossil fuels to solar power reduces greenhouse gas (GHG) emissions, mitigating climate change and improving
air quality in rural areas (AfDB, 2022). In many regions, reliance on traditional biomass for cooking and lighting
contributes to deforestation and indoor air pollution, leading to severe health implications (Blimpo & Cosgrove-
Davies, 2019). The adoption of solar energy helps reduce dependence on wood and charcoal, preserving
ecosystems while improving public health (Sovacool et al., 2021). Additionally, solar energy systems enhance
rural livelihoods by enabling access to modern services and economic opportunities. Solar-powered mini-grids
and standalone solar home systems provide reliable electricity for homes, schools, and health centers, improving
education, healthcare delivery, and communication infrastructure (IRENA, 2023). For instance, access to
refrigeration for vaccine storage enhances healthcare outcomes, while solar-powered lighting extends study hours
for students, fostering educational progress (World Bank, 2021). Moreover, solar energy supports
entrepreneurship by powering small businesses, agricultural activities, and digital services, driving economic
development in remote communities (Nygaard & Hansen, 2021).

Given Africa’ s vast solar energy potential—estimated at 10 terawatts (TW) of solar power capacity—the
continent has a unique opportunity to leverage renewable energy to bridge its electrification gap (IRENA, 2023).
However, to fully realize the benefits of solar energy, sustained investments, supportive policies, and capacity-
building initiatives are needed. Governments and private sector stakeholders must collaborate to improve
infrastructure, enhance affordability, and develop regulatory frameworks that facilitate widespread adoption
(Glemarec, 2017). By prioritizing solar energy expansion, African nations can accelerate progress toward
universal energy access while fostering sustainable and inclusive economic growth. Despite its immense potential
to address energy poverty, the adoption of solar energy in Africa is hindered by several structural, economic, and
institutional barriers. One of the primary challenges is financial constraints, as both governments and private
investors struggle to mobilize sufficient funds for large-scale deployment (Nygaard & Hansen, 2021). The high
upfront costs of solar photovoltaic (PV) systems, battery storage, and infrastructure development pose a
significant barrier, particularly in regions with weak financial markets and limited access to credit (World Bank,
2021). Although the long-term benefits of solar energy outweigh these initial costs, many households and small
businesses lack the capital to invest in solar technologies without external financial support (IRENA, 2023).
Policy and regulatory challenges further impede the expansion of solar energy. Many African nations have yet to
establish clear and consistent policies that incentivize investment in renewable energy (AfDB, 2022). In some
cases, outdated energy policies still favor centralized fossil fuel-based power generation, limiting the incentives
available for decentralized solar energy solutions (Sovacool et al., 2021). Additionally, bureaucratic red tape,
unclear land-use regulations, and inconsistent tariff structures discourage private sector participation in solar
energy projects (IEA, 2022). Strengthening policy frameworks to encourage investment in offgrid solar solutions
and implementing feed-in tariffs or tax incentives could significantly enhance the sector’ s growth (Blimpo &
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Cosgrove-Davies, 2019). Infrastructural deficits also present a major challenge. Many rural areas in Africa lack
the necessary transmission and distribution networks to integrate solar energy solutions effectively (World Bank,
2021). Although solar mini-grids and standalone home systems provide decentralized solutions, the absence of
supporting infrastructure—such as storage systems, grid interconnections, and maintenance services—Ilimits their
scalability and reliability (Nygaard & Hansen, 2021). Additionally, inadequate roads and supply chains hinder
the transportation of solar panels, batteries, and other essential components to remote locations, increasing
installation costs and delays (IRENA, 2023).

Technical expertise and human capital constraints further slow the adoption of solar energy. The renewable
energy sector in Africa faces a shortage of skilled professionals capable of designing, installing, and maintaining
solar energy systems (AfDB, 2022). Many countries lack specialized training programs for solar technicians and
engineers, resulting in an over-reliance on foreign expertise, which can be costly and unsustainable (Nygaard &
Hansen, 2021). Investing in local capacity-building initiatives, vocational training programs, and university
partnerships is essential to developing a skilled workforce that can sustain and expand the solar energy sector
(IEA, 2022). Affordability remains a pressing issue, particularly for low-income households, which struggle to
afford solar home systems even when financing options are available (Glemarec, 2017). While innovative
financial mechanisms such as pay-as-you-go (PAYG) models and public-private partnerships (PPP) have
improved accessibility, their reach is still limited (IRENA, 2023). PAYG schemes allow users to make small,
incremental payments for solar power rather than paying the full cost upfront, reducing financial strain on
households (World Bank, 2021). However, challenges such as high interest rates, low digital literacy, and the
lack of mobile payment infrastructure in some regions continue to limit the effectiveness of these models
(Sovacool et al., 2021). Expanding PPPs to leverage both public funds and private investments could play a
crucial role in increasing solar energy penetration in underserved communities (AfDB, 2022).

This paper examines the role of solar energy in addressing rural electrification challenges in Africa, assessing its
socioeconomic benefits, environmental impacts, and barriers to implementation. Furthermore, it provides policy
recommendations to accelerate the adoption of solar energy technologies, ensuring a just and inclusive energy
transition. By exploring these dimensions, the study aims to contribute to the ongoing discourse on sustainable
energy solutions in Africa and inform decision-making processes that can drive long-term electrification
strategies.

1. Literature Review

1.1  The State of Energy Access in Rural Africa

Energy access remains a significant challenge in rural Africa, where electrification rates are among the lowest
globally. While urban areas have witnessed some improvements, rural regions continue to lag, with countries
such as Chad (11.8%), Niger (17.8%), and the Democratic Republic of Congo (19.1%) having some of the lowest
electrification rates (World Bank, 2021). This energy deficit limits economic development, restricts access to
education and healthcare, and perpetuates poverty (AfDB, 2022). As a result, millions of people in rural Africa
rely on traditional energy sources such as firewood, charcoal, and kerosene for cooking, heating, and lighting
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(IEA, 2021). However, these sources pose severe health, environmental, and economic risks. The burning of
biomass and kerosene emits toxic pollutants that contribute to indoor air pollution, leading to respiratory diseases,
cardiovascular illnesses, and eye problems, particularly affecting women and children who spend more time near
cooking stoves (WHO, 2021; Sovacool et al., 2021). Moreover, the widespread use of firewood and charcoal has
led to deforestation and land degradation, accelerating biodiversity loss and reducing carbon sequestration in
countries like Nigeria and Kenya (IRENA, 2023). Economically, traditional energy sources impose a heavy
financial burden on rural households, as families often spend a significant portion of their income on purchasing
kerosene, candles, and batteries for lighting (AfDB, 2022). Additionally, time spent collecting firewood—
primarily by women and children—reduces opportunities for education and income-generating activities (World
Bank, 2021).

Efforts to expand rural electrification in Africa face multiple challenges, including high infrastructure costs, weak
institutional frameworks, and limited private sector participation. Extending national electricity grids to rural
areas is expensive due to vast distances and low population densities, making it financially unviable for many
governments (Nygaard & Hansen, 2021). Weak regulatory frameworks and inconsistent energy policies further
deter private sector investment, slowing the growth of electrification projects (IEA, 2022). Additionally, the high
perceived risks of investing in rural energy markets prevent private sector engagement, limiting the expansion of
innovative solutions such as mini-grids and standalone solar home systems (IRENA, 2023). Given the challenges
of grid extension, decentralized renewable energy solutions, particularly solar mini-grids and standalone solar
systems, have emerged as viable alternatives for rural electrification (Blimpo & Cosgrove-Davies, 2019). Africa’
s abundant solar radiation provides an opportunity to harness this energy efficiently, reducing dependence on
fossil fuels and mitigating carbon emissions while enabling economic and social development (Glemarec, 2017).
However, achieving universal access to electricity in rural Africa will require stronger governmental support,
enhanced public-private partnerships, and increased investment in sustainable energy solutions.

1.2 The Role of Solar Energy in Rural Electrification

Solar energy has emerged as a transformative solution for addressing rural electrification challenges in Africa,
offering a clean, sustainable, and cost-effective alternative to traditional energy sources. Given the continent's
abundant solar radiation, solar power presents a viable opportunity to bridge the energy gap, particularly in remote
and underserved communities. Unlike conventional grid expansion, which is often expensive and logistically
challenging, solarbased solutions such as off-grid systems, mini-grids, and standalone solar home systems
provide decentralized energy access, enabling rural populations to benefit from modern electricity services
(IRENA, 2023). One of the key advantages of solar energy is its affordability, as the declining cost of solar
photovoltaic (PV) technology has made it increasingly accessible. Over the past decade, the price of solar panels
has dropped by more than 80%, making solar power a cost-competitive alternative to diesel generators and
kerosene lamps (IEA, 2022). This price reduction has been driven by technological advancements, economies of
scale, and increased global production, particularly in countries like China, which dominates the global solar PV
market (IRENA, 2023). Additionally, innovations in battery storage and solar inverters have further improved
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the efficiency and reliability of solar energy, enhancing its long-term affordability for rural consumers (World
Bank, 2021).

Despite the falling costs of solar technology, upfront investment remains a major barrier for many low-income
households in rural Africa. To address this challenge, innovative financing models such as pay-as-you-go
(PAYG) schemes, microcredit financing, and public-private partnerships (PPP) have emerged to enhance
affordability and accessibility (Blimpo & Cosgrove-Davies, 2019). PAYG models, pioneered by companies like
M-KOPA in Kenya and PEG Africa in Ghana, allow consumers to **purchase solar home systems through small,
flexible installments instead of a large upfront payment (Glemarec, 2017). These payments are often made
through mobile money platforms, reducing financial barriers and expanding access to underserved communities.
Research has shown that PAYG solar solutions increase energy affordability, reduce household expenditure on
kerosene and candles, and enhance economic productivity by providing reliable electricity for small businesses
and entrepreneurs (Nygaard & Hansen, 2021). Additionally, microcredit financing programs provided by
development banks,

NGOs, and private sector initiatives have played a crucial role in expanding rural solar adoption. Microfinance
institutions, such as the Grameen Shakti program in Bangladesh, have demonstrated how small loans can enable
rural households to invest in solar energy solutions, leading to increased energy access and economic
empowerment (AfDB, 2022). Similar approaches in Africa, supported by institutions like the African
Development Bank (AfDB) and the World Bank, have helped finance solar installations in countries such as
Ethiopia, Uganda, and Tanzania (IEA, 2022). Furthermore, public-private partnerships (PPPs) have facilitated
large-scale solar electrification projects in rural areas. Governments, in collaboration with private investors and
international organizations, have developed solar mini-grids and community-based solar projects to extend
electricity access to off-grid populations (IRENA, 2023). Countries like Rwanda and Senegal have implemented
subsidized solar energy programs that combine public funding with private sector expertise, leading to wider
adoption and long-term sustainability (Sovacool et al., 2021).

One of the most significant advantages of solar energy is its scalability, which allows for flexible deployment
across different geographic and socioeconomic contexts. Unlike centralized grid systems that demand extensive
infrastructure investment and long-term planning, solar minigrids and standalone solar home systems can be
deployed rapidly to electrify remote villages and off-grid communities (Nygaard & Hansen, 2021). This
adaptability makes solar energy particularly effective in rural Africa, where grid expansion is often slow due to
geographical barriers, financial constraints, and low population density (IEA, 2022). Mini-grids have emerged as
a viable decentralized solution, providing community-based electrification where extending the national grid is
economically unfeasible. These localized energy networks enable multiple households, businesses, and public
institutions to share a common renewable energy source, ensuring reliable and cost-effective electricity supply
(IRENA, 2023). In countries like Tanzania, Kenya, and Nigeria, solar mini-grids have demonstrated their
potential to catalyze economic activities, including irrigation for agriculture, small-scale manufacturing, and
digital services (AfDB, 2022). Research suggests that mini-grid electrification can increase local productivity,
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improve household incomes, and support microenterprises, thereby fostering socioeconomic development
(Sovacool et al., 2021).

For instance, in Kenya’ s Lake Victoria region, the Kudura Sustainable Development Solutions project has
successfully implemented solar-hybrid mini-grids, powering fishing communities with electric lighting, cold
storage for fish preservation, and water purification systems (World Bank, 2021). This has led to reduced post-
harvest losses, increased business opportunities, and improved overall economic resilience in the region.
Similarly, in Tanzania, companies like PowerGen Renewable Energy and JUMEME Rural Power Supply have
deployed solar-hybrid mini-grids to electrify off-grid villages, enabling access to modern services such as digital
communication, water pumping, and health facilities (IRENA, 2023). In addition to mini-grids, standalone solar
home systems (SHS) have become a game-changer in rural electrification. These systems, which include solar
panels, batteries, and inverters, provide individual households with essential energy services, such as lighting,
phone charging, television, and refrigeration (World Bank, 2021). Unlike diesel generators, solar home systems
require minimal maintenance, have low operating costs, and provide uninterrupted electricity without fuel
dependency (IEA, 2022). Studies show that SHS adoption has led to higher school enrollment rates (due to
improved study conditions), enhanced access to information (through television and radio), and increased
economic opportunities (by enabling small businesses such as mobile phone charging stations and hair salons)
(Nygaard & Hansen, 2021).

A case study from Rwanda highlights the success of off-grid solar providers like BBOXX and Ignite Power,
which have installed hundreds of thousands of solar home systems, benefiting lowincome families and small
businesses (AfDB, 2022). By integrating mobile payment platforms, these providers have allowed consumers to
purchase electricity through affordable installment plans, making solar power more accessible to rural
populations (Glemarec, 2017). The scalability of solar energy also extends to productive uses such as agriculture
and healthcare. Solar-powered irrigation pumps have significantly improved farm productivity and food security
in countries like Ethiopia and Mali, where farmers previously relied on expensive and unreliable dieselpowered
irrigation systems (IRENA, 2023). Similarly, solar refrigeration units have helped reduce vaccine spoilage and
improve healthcare delivery in off-grid clinics across Zambia, Uganda, and Ghana (WHO, 2021). Despite its
scalability, solar energy deployment in rural Africa still faces several barriers, including policy uncertainties,
financing limitations, and technical capacity constraints (Sovacool et al., 2021). However, with continued
investment, supportive policies, and innovative business models, solar mini-grids and standalone systems have
the potential to transform rural economies, enhance social well-being, and accelerate universal energy access
across the continent (IEA, 2022).

From an environmental perspective, solar energy promotes sustainability by reducing reliance on fossil fuels and
mitigating carbon emissions. Traditional rural energy sources, such as firewood, charcoal, and diesel generators,
contribute to deforestation, air pollution, and greenhouse gas emissions (IRENA, 2023). By replacing these
polluting energy sources with clean solar power, rural electrification efforts can contribute to climate change
mitigation and environmental conservation (Sovacool et al., 2021). Furthermore, solar-powered solutions reduce

| ISSN: 3065-0437 Page | 49

Vol: 14 No: o1

https://keithpub.com/ | ©2026 CJET]|
Published by Keith Publication




, ISSN: 3065-0437

Columbia Journal of Engineering and
Technology

Research Article

household exposure to indoor air pollution, which is a major health risk in many African communities that rely
on biomass fuels for cooking and heating (WHO, 2021).

Figure 1, The Environmental Impact of Solar Energy

Despite these advantages, the widespread adoption of solar energy in rural Africa still faces barriers, including
high initial investment costs, limited technical expertise, and weak policy support (Nygaard & Hansen, 2021).
Addressing these challenges requires stronger policy incentives, increased investment in renewable energy
infrastructure, and capacity-building programs to develop local expertise in solar technology deployment and
maintenance. With the right policy framework and financial mechanisms, solar energy has the potential to
accelerate universal electricity access, driving socioeconomic development while ensuring environmental
sustainability.

1.3  Case Studies on Solar Energy in Africa

The adoption of solar energy across Africa has been driven by innovative initiatives and government-backed
programs aimed at increasing rural electrification. The following case studies from Kenya, Nigeria, and South
Africa highlight successful solar energy projects that have transformed energy access, improved livelihoods, and
contributed to sustainable development.

Kenya: The M-KOPA Solar Initiative

Kenya has been a leader in off-grid solar energy adoption, with M-KOPA Solar emerging as one of the most
impactful initiatives in expanding rural electrification. Since its founding in 2011, MKOPA has provided over 1
million solar home kits, benefiting an estimated 5 million people across Kenya and other East African countries
(IEA, 2022). The initiative’ s success is largely attributed to its pay-as-you-go (PAYG) financing model, which
leverages mobile money platforms such as M-Pesa to allow low-income households to purchase solar systems in
small, affordable installments rather than requiring a large upfront payment (Blimpo & CosgroveDavies, 2019).
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This financial flexibility has enabled many rural families, who would otherwise be unable to afford modern
energy solutions, to access solar lighting, phone charging, radios, and televisions, significantly improving their
quality of life (IRENA, 2023). One of the most notable impacts of M-KOPA” s solar home systems (SHS) is the
reduction in household reliance on kerosene lamps, which pose serious health, safety, and environmental risks
due to indoor air pollution and fire hazards (World Bank, 2021). Studies indicate that M-KOPA users experience
a decline in respiratory illnesses and eye irritation, which are commonly associated with kerosene use, as well as
lower energy costs, making electricity more affordable for low-income households (AfDB, 2022). Additionally,
children in M-KOPA households benefit from improved study conditions, as access to reliable lighting enables
them to do homework in the evenings, contributing to better educational outcomes (Nygaard & Hansen, 2021).
Beyond household benefits, M-KOPA’ s solar solutions have stimulated economic opportunities, particularly for
small businesses in rural areas. Many users have leveraged the energy access provided by solar systems to start
or expand businesses such as phone charging stations, barbershops, and small retail outlets (IRENA, 2023). The
ability to operate businesses longer into the evening hours has led to increased productivity and higher incomes,
demonstrating the broader socioeconomic impact of off-grid solar energy solutions (IEA, 2022). M-KOPA’ s
scalable and sustainable model has not only transformed energy access in Kenya but has also inspired similar
PAYG solar initiatives in Uganda, Tanzania, and Rwanda. Companies such as Fenix International, d.light, and
BBOXX have replicated the PAY G approach, demonstrating the viability of decentralized solar energy solutions
across sub-Saharan Africa (AfDB, 2022). As a result, M-KOPA and its counterparts have contributed
significantly to bridging the energy access gap, reinforcing the role of off-grid solar solutions in achieving
universal electrification goals on the continent (World Bank, 2021).

Nigeria: The Rural Electrification Agency (REA) and Solar Mini-Grids

In Nigeria, where over 85 million people remain without access to electricity, the government has recognized
solar mini-grids as a critical solution to bridging the energy gap, particularly in rural and peri-urban communities.
The Rural Electrification Agency (REA), through the Nigeria Electrification Project (NEP), has spearheaded
efforts to deploy solar mini-grids with the support of the World Bank and the African Development Bank (AfDB)
(World Bank, 2021). These minigrids have significantly expanded energy access, benefiting thousands of
households, businesses, and public institutions (Nygaard & Hansen, 2021). One of the most impactful initiatives
under NEP is the Solar Hybrid Mini-Grid Program, which has successfully electrified over 100 rural
communities, providing reliable, sustainable power to critical infrastructure such as schools, health centers,
markets, and agribusinesses (IRENA, 2023). These mini-grids have stimulated local economies by powering
small businesses and improving access to modern technology. In the agricultural sector, solar-powered irrigation
systems have enabled farmers to cultivate crops year-round, thereby boosting yields and increasing income levels
(Sovacool et al., 2021). Studies show that rural communities with access to mini-grid electricity experience higher
productivity, job creation, and improved living standards compared to those still relying on traditional energy
sources (AfDB, 2022).
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In addition to rural electrification, the Energizing Education Program (EEP), also implemented by REA, has
targeted academic institutions, ensuring that universities and teaching hospitals benefit from stable solar power
supply. This initiative has led to improved learning environments, enhanced research capacity, and uninterrupted
healthcare services (World Bank, 2021). Previously, many Nigerian universities and hospitals depended on
expensive and unreliable diesel generators, which not only contributed to high operational costs but also posed
environmental hazards (AfDB, 2022). The shift to solar power has significantly lowered energy costs, allowing
institutions to allocate more resources to education, research, and healthcare delivery (IRENA, 2023). Despite
these successes, challenges persist, particularly financial constraints, regulatory hurdles, and the need for greater
private sector investment to scale up mini-grid projects (Nygaard & Hansen, 2021). However, with continued
government support, international funding, and innovative business models, the expansion of solar mini-grids is
expected to play a crucial role in Nigeria’ s long-term electrification strategy, promoting economic growth and
sustainable development across rural communities (Sovacool et al., 2021).

South Africa: The Renewable Energy Independent Power Producer Procurement Program (REIPPPP)
South Africa has emerged as a leader in utility-scale solar energy investment in Africa through the Renewable
Energy Independent Power Producer Procurement Program (REIPPPP). Since its launch in 2011, REIPPPP has
successfully attracted over $13 billion in private sector investment, making the country one of the largest
renewable energy markets on the continent (IEA, 2022). The program's structured public-private partnership
model has facilitated the rapid expansion of large-scale solar photovoltaic (PV) plants and concentrated solar
power (CSP) projects, contributing to an installed capacity of over 6,000 MW (IRENA, 2023). One of the most
notable projects under REIPPPP is the Jasper Solar Power Plant, a 96 MW solar PV facility that supplies
electricity to approximately 80,000 households while reducing carbon emissions by 173,000 tons annually (World
Bank, 2021). Another key project is the KaXu Solar One CSP plant, a 100 MW facility that incorporates thermal
storage technology, enabling it to generate electricity even after sunset, thus improving grid reliability and energy
security (AfDB, 2022). The integration of CSP with thermal storage is particularly significant in addressing South
Africa’ s peak electricity demand periods, providing a more stable renewable energy supply compared to
intermittent solar PV generation (Sovacool et al., 2021).

Beyond energy generation, REIPPPP has had major socioeconomic benefits, particularly in job creation and local
economic development. The program has generated over 40,000 direct jobs, especially in solar panel
manufacturing, installation, and maintenance, benefiting local communities (Sovacool et al., 2021). Additionally,
a portion of project revenues is allocated to community development initiatives, funding education, healthcare,
and infrastructure improvements in regions hosting solar plants (IRENA, 2023). Another key impact of REIPPPP
has been its role in driving down the cost of renewable energy in South Africa. Competitive bidding rounds have
led to a steady decline in solar energy prices, making it increasingly costcompetitive with coal-based power
generation (IEA, 2022). This cost reduction is essential for South Africa’ s energy transition, as the country seeks
to diversify its energy mix away from its traditional reliance on coal, which still accounts for over 70% of
electricity generation (World Bank, 2021). Despite its successes, REIPPPP has faced challenges, including policy
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uncertainty, grid integration constraints, and delays in project approvals. However, with continued government
commitment and enhanced regulatory frameworks, the program is expected to play a pivotal role in South Africa’
s long-term renewable energy strategy, aligning with its carbon reduction targets and sustainable economic
development goals (AfDB, 2022).

2. Methodology

This study adopts a qualitative research approach, utilizing content analysis to examine the role of solar energy
in rural electrification across Africa. The research relies on secondary data sources, including government reports,
policy documents, academic journals, industry publications, and case studies on solar energy projects. By
systematically reviewing these sources, the study identifies trends, challenges, and best practices in solar energy
adoption across different regions. A comparative analysis is conducted to evaluate the impact of solar energy
expansion in various African countries, highlighting success stories, policy frameworks, and implementation
challenges. Countries with successful solar initiatives, such as Kenya, Nigeria, and South Africa, are compared
with those facing barriers to solar adoption, providing insights into the effectiveness of different models and
policy interventions. Additionally, the study explores socioeconomic outcomes, such as improvements in
household income, education, healthcare, and business productivity, resulting from increased solar access.

To ensure data reliability and validity, the study prioritizes peer-reviewed literature and official reports from
institutions such as the International Energy Agency (IEA), the International Renewable Energy Agency
(IRENA), the African Development Bank (AfDB), and the World Bank. The analysis follows a thematic coding
approach, categorizing findings into key themes, such as affordability, scalability, policy support, financing
models, and environmental sustainability. By integrating content analysis with comparative evaluation, this
methodology provides a holistic understanding of the role of solar energy in bridging Africa’ s rural electrification
gap, offering evidence-based policy recommendations for sustainable energy expansion.

3. Case Study: The Impact of Solar Energy Expansion on Rural Africa

The expansion of solar energy in rural Africa has led to significant economic, social, and environmental benefits,
addressing critical challenges related to energy poverty, economic development, education, healthcare, and
sustainability. The following case studies highlight the transformative impact of solar electrification across
multiple sectors.

3.1  Economic Development

Solar energy has played a transformative role in driving economic development in rural Africa by expanding
access to electricity and enabling income-generating activities. In many off-grid communities, solar-powered
businesses such as phone charging kiosks, barbershops, welding workshops, and small-scale manufacturing units
have emerged, creating employment and improving economic resilience (IRENA, 2023). The affordability and
flexibility of solar home systems (SHS) and mini-grids have allowed rural entrepreneurs to operate beyond
daylight hours, increasing productivity and profitability. For instance, in Tanzania and Uganda, pay-as-you-go
(PAYG) solar models have enabled small businesses to access electricity without high upfront costs, boosting
financial inclusion and economic growth (IEA, 2022). Similarly, in Nigeria, solar-powered cold storage facilities
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have revolutionized food preservation, reducing postharvest losses and ensuring the availability of fresh produce
in local markets (AfDB, 2022).

The agricultural sector, which employs a significant portion of Africa’ s rural population, has particularly
benefited from solar energy solutions. Traditional farming methods are highly vulnerable to climate variability,
and the adoption of solar-powered irrigation has provided a reliable alternative to rain-fed agriculture. In Kenya,
the Solar Irrigation Project has helped smallholder farmers transition to year-round farming, increasing crop
yields and household incomes (World Bank, 2021). Research indicates that solar-powered irrigation can enhance
agricultural productivity by up to 300%, allowing farmers to cultivate high-value crops and expand their
operations (Sovacool et al., 2021). In Ethiopia, solar-powered water pumps have replaced expensive diesel-
powered alternatives, reducing operational costs by 40-60% and improving access to irrigation in remote areas
(IRENA, 2023). Additionally, in Mali and Burkina Faso, solar-powered drip irrigation has enhanced water-use
efficiency, ensuring sustainable agricultural practices and food security (FAO, 2023).

Beyond irrigation, solar-powered agro-processing technologies such as solar dryers, milling machines, and
refrigeration units have increased the value of agricultural products. In Ghana, solar-powered cassava processing
plants have helped farmers extend the shelf life of their produce, reducing waste and increasing market access
(AfDB, 2022). Similarly, solar-powered dairy cooling systems in East Africa have improved milk preservation,
enabling dairy farmers to supply fresh products to urban markets without losses due to spoilage (IEA, 2022).
These advancements have strengthened rural economies by reducing food wastage, stabilizing market prices, and
supporting agribusiness development. The expansion of solar energy has also contributed to job creation and
skills development in rural communities. The solar industry has generated employment in various sectors,
including solar panel manufacturing, installation, maintenance, and retail services. In South Africa, the
Renewable Energy Independent Power Producer Procurement Program (REIPPPP) has created over 40,000 jobs
in the renewable energy sector, benefiting local technicians, engineers, and entrepreneurs (IRENA, 2023). Similar
trends are observed in West Africa, where companies such as Lumos Global and d.light have trained thousands
of young people in solar technology installation and servicing, fostering a skilled workforce in the renewable
energy sector (World Bank, 2021).

Furthermore, solar electrification has contributed to rural economic stability by reducing migration pressures. In
many African countries, the lack of economic opportunities in rural areas has driven young people to migrate to
urban centers in search of jobs. However, the availability of solar-powered enterprises, improved agricultural
productivity, and enhanced living conditions have encouraged rural populations to stay and invest in their local
economies (AfDB, 2022). The integration of solar energy into rural development strategies has proven to be a
sustainable approach to poverty alleviation, economic resilience, and long-term prosperity. As investment in solar
infrastructure continues to grow, its potential to transform rural livelihoods and drive economic development in
Africa remains substantial.
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3.2  Education and Digital Inclusion

Access to reliable electricity through solar energy has significantly improved educational outcomes in rural Africa
by enabling extended study hours, enhancing teaching conditions, and facilitating digital learning. In many
remote areas, the lack of grid electricity has historically hindered students' ability to study after sunset, limiting
their academic performance. However, solar-powered schools in countries like Ghana, Tanzania, and Rwanda
have provided lighting for evening study sessions, improving student engagement and performance (IEA, 2022).
Studies indicate that students in electrified schools perform better in national examinations compared to those in
non-electrified institutions, as they have more time to review materials and complete assignments (World Bank,
2021). Additionally, teachers in solar-powered schools report higher job satisfaction due to improved working
conditions, such as access to lighting, computers, and other teaching aids, which contribute to better lesson
delivery and overall educational quality (Blimpo & Cosgrove-Davies, 2019).

Beyond lighting, solar energy has played a crucial role in integrating digital tools into the education system. Many
rural schools now use solar power to operate computers, projectors, and other digital learning devices, ensuring
students gain 21st-century skills. In Kenya, the Solar ESchools initiative has provided solar-powered computer
labs and internet connectivity, allowing students and teachers to access online resources, research materials, and
virtual classrooms (IRENA, 2023). This initiative has been particularly transformative in advancing STEM
(Science, Technology, Engineering, and Mathematics) education, as students can now engage in interactive
learning experiences previously unavailable due to unreliable electricity (AfDB, 2022).

Solar-powered internet connectivity has also helped bridge the digital divide by giving students in remote areas
access to online education platforms. In Nigeria and Uganda, solar-powered broadband hubs have enabled
schools to implement e-learning programs, offering students the opportunity to participate in virtual classes and
use digital textbooks (Sovacool et al., 2021). These developments have been particularly critical in expanding
access to education during disruptions such as the COVID-19 pandemic, where remote learning became essential
(World Bank, 2021). With solar energy, schools that were once isolated from modern educational resources can
now integrate digital literacy into their curricula, equipping students with skills relevant for future employment
and higher education opportunities.

Solar electrification has facilitated vocational training programs in rural areas, allowing young people to acquire
technical skills in trades such as carpentry, welding, and computer repair. In South Africa, solar-powered
technical training centers have enabled students to gain hands-on experience in solar panel installation and
maintenance, preparing them for careers in the growing renewable energy sector (IEA, 2022). Similarly, in
Ethiopia and Malawi, solar-powered adult education centers have helped bridge literacy gaps, providing learning
opportunities for individuals who missed out on formal education (AfDB, 2022).

3.3 Healthcare Improvements

The deployment of solar energy in rural healthcare facilities has significantly enhanced medical services, patient
care, and emergency response capabilities. Prior to electrification, many rural health centers in Africa depended
on kerosene lamps and diesel generators, which were not only costly but also unreliable and environmentally
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harmful (World Bank, 2021). The introduction of solar-powered clinics has provided stable and affordable
electricity, ensuring that healthcare services can be delivered consistently, even in remote and off-grid
communities. Studies indicate that solar-powered health facilities have improved service delivery by enabling
nighttime medical procedures, emergency care, and telemedicine consultations, which were previously
impossible due to frequent power outages (IRENA, 2023). One of the most significant benefits of solar
electrification in healthcare is its impact on maternal and child health. The availability of uninterrupted power
supply has transformed maternity wards, operating rooms, and delivery units, ensuring safe childbirth and
reducing maternal and infant mortality rates (AfDB, 2022).

In Nigeria, for example, solar-powered health centers under the Rural Electrification Agency’ s (REA) programs
have helped reduce birth complications by providing reliable lighting and power for essential medical devices
such as fetal heart monitors and incubators (Nygaard & Hansen, 2021). Additionally, access to stable electricity
has improved the working conditions of healthcare workers, increasing retention rates in rural areas where doctors
and nurses previously struggled with poor infrastructure (Sovacool et al., 2021). Another critical advancement
brought by solar energy is the improved storage and distribution of vaccines and essential medicines. In many
African countries, frequent power outages have historically compromised vaccine storage, leading to the spoilage
of life-saving immunizations. To address this, solar-powered vaccine refrigeration systems have been installed in
rural clinics, ensuring proper temperature control for immunization programs (IRENA, 2023). UNICEF’ s Solar
for Health initiative, for instance, has deployed solar refrigerators in health centers across Zimbabwe, Malawi,
and Sierra Leone, significantly expanding immunization coverage in remote regions (Sovacool et al., 2021). This
has been particularly vital in combating infectious diseases such as measles, polio, and COVID19, where
consistent cold storage is necessary for vaccine efficacy (World Bank, 2021).

Furthermore, solar electrification has enabled health facilities to operate critical medical equipment such as
ventilators, X-ray machines, and diagnostic devices, improving the overall quality of healthcare in underserved
areas (AfDB, 2022). In countries like Kenya and Ethiopia, solar-powered hospitals have integrated digital health
solutions, allowing medical staff to use electronic medical records, conduct remote consultations, and access real-
time health data, thereby enhancing efficiency and patient outcomes (IEA, 2022). The introduction of solar energy
has also facilitated the use of water purification systems in clinics, ensuring a clean water supply for medical
procedures and sanitation (World Bank, 2021). Beyond direct medical benefits, solar electrification has played a
role in enhancing public health awareness and outreach programs. Mobile health units powered by solar energy
have been deployed in rural areas to conduct screenings, health education campaigns, and mobile vaccination
drives, particularly in regions affected by poor infrastructure (Sovacool et al., 2021). These initiatives have
improved community engagement in preventive healthcare and increased access to essential medical services for
vulnerable populations.

3.4 Environmental and Social Benefits

The transition to solar energy has delivered substantial environmental and social benefits, particularly by reducing
reliance on traditional biomass fuels such as firewood and charcoal. In many rural communities, deforestation
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has been a pressing concern, with over 80% of households depending on firewood for cooking and heating,
leading to widespread forest degradation (IEA, 2022). The adoption of solar-powered lighting and clean cooking
solutions has played a crucial role in curbing deforestation and promoting forest conservation efforts (AfDB,
2022). Countries such as Kenya, Tanzania, and Ghana have implemented solar cookstove initiatives, reducing
the demand for firewood and preserving biodiversity in vulnerable ecosystems (IRENA, 2023). This shift has
also contributed to climate change mitigation by lowering carbon emissions associated with deforestation and
biomass combustion (World Bank, 2021).

Beyond deforestation, the replacement of kerosene lamps with solar lighting has led to significant improvements
in indoor air quality. Household air pollution from kerosene smoke has been linked to severe respiratory diseases,
eye infections, and other health complications, particularly among women and children who spend more time
indoors (World Bank, 2021). Studies indicate that exposure to kerosene fumes increases the risk of chronic
obstructive pulmonary disease (COPD) and childhood pneumonia, contributing to nearly 600,000 premature
deaths annually in sub-Saharan Africa (Sovacool et al., 2021). By transitioning to solar lighting, rural households
experience fewer respiratory illnesses, improved visibility for evening activities, and a drastic reduction in fire
hazards associated with kerosene use (AfDB, 2022). In countries like Rwanda and Uganda, solar home systems
have replaced kerosene lamps in thousands of households, leading to measurable health improvements and cost
savings for low-income families (IRENA, 2023).

From a social perspective, solar electrification has enhanced community safety and security, particularly for
women and children. In previously unlit rural areas, the installation of solarpowered streetlights has helped reduce
crime rates, improve nighttime mobility, and facilitate economic activities after dark (IEA, 2022). Studies show
that access to solar street lighting has increased women's participation in small-scale businesses, as markets can
now operate beyond daylight hours (Nygaard & Hansen, 2021). Additionally, children benefit from extended
study hours with adequate lighting, leading to better academic performance and reduced dropout rates (World
Bank, 2021). Furthermore, the introduction of solar energy has supported gender equality by reducing the time
women and girls spend collecting firewood, a labor-intensive task that exposes them to risks such as assault and
animal attacks (AfDB, 2022). In Ethiopia and Malawi, solar-powered community centers have been established
to provide women with vocational training, entrepreneurial opportunities, and access to digital services, further
empowering them economically (IRENA, 2023).

The expansion of solar energy in rural Africa has proven to be a game-changer, contributing to economic growth,
improved education, enhanced healthcare, and environmental sustainability. The integration of solar mini-grids,
standalone home systems, and solar-powered infrastructure has provided tangible benefits that improve quality
of life and promote sustainable development. However, to scale these benefits further, it is essential for
governments, private investors, and development partners to strengthen policy frameworks, improve financing
mechanisms, and invest in local capacity building to support the continued growth of solar energy across Africa.
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4. Challenges of Solar Energy Expansion in Rural Africa

4.1  Financial Constraints

One of the primary barriers to solar energy adoption in rural Africa is the high initial cost of solar systems. Many
households and businesses struggle to afford the upfront investment required for solar panels, batteries, and
installation, despite the long-term savings on energy costs (IEA, 2022). The affordability gap is particularly
significant in low-income communities where daily expenses take priority over long-term investments in
renewable energy infrastructure (AfDB,

2022). Limited access to financing options further exacerbates the challenge, as many rural households lack
formal credit histories or collateral to secure loans for solar installations (World Bank, 2021). While some pay-
as-you-go (PAYG) models, such as M-KOPA in Kenya, have increased accessibility, financial institutions remain
hesitant to extend credit to rural consumers due to perceived risks (IRENA, 2023). Additionally, high interest
rates on loans for solar systems make borrowing unaffordable for many potential users, slowing the expansion of
decentralized solar solutions (Sovacool et al., 2021). Government subsidies and donor-backed initiatives have
attempted to bridge this financing gap, but the scale of support remains insufficient compared to the growing
demand for affordable solar energy solutions. Expanding microfinance services and developing innovative
financial products tailored to rural communities could help mitigate these financial barriers and accelerate solar
adoption across Africa (Nygaard & Hansen, 2021).

4.2  Policy and Regulatory Barriers

The expansion of solar energy in Africa is often hindered by inconsistent government policies and a lack of clear
incentives for private investment. Frequent policy shifts, inadequate enforcement of renewable energy
regulations, and uncertain tariff structures create an unpredictable business environment for solar developers
(IRENA, 2023). In some cases, governments continue to prioritize fossil fuel subsidies, making solar energy less
competitive in the market and discouraging investment in decentralized solar solutions (IEA, 2022). Additionally,
the absence of well-defined incentives, such as tax breaks, feed-in tariffs, and grants for solar energy projects,
limits the motivation for both local and foreign investors to engage in large-scale solar deployment (World Bank,
2021). Countries like Nigeria and South Africa have implemented solar energy policies, but delays in policy
implementation and regulatory bottlenecks often slow progress (AfDB, 2022). Bureaucratic processes also pose
a significant challenge, as lengthy approval procedures, complex licensing requirements, and unclear land
acquisition regulations delay project execution. Developers frequently encounter obstacles in securing permits,
navigating environmental impact assessments, and gaining access to the national grid (Sovacool et al., 2021).
These administrative hurdles not only increase project costs but also deter private-sector participation in
expanding solar infrastructure (Nygaard & Hansen, 2021).

4.3 Infrastructure and Maintenance Issues

The successful deployment and sustainability of solar energy systems in rural Africa are significantly hindered
by inadequate infrastructure and maintenance challenges. Poor road networks and limited transportation
infrastructure make it difficult to deliver solar equipment, especially to remote communities (IRENA, 2023). In
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countries like the Democratic Republic of Congo and South Sudan, rough terrain and underdeveloped transport
systems increase logistical costs, delaying project implementation and making solar energy solutions less
accessible (World Bank, 2021). Additionally, the lack of skilled technicians in rural areas creates long-term
maintenance challenges for solar installations. Many communities rely on external experts for repairs, which can
be expensive and time-consuming (Sovacool et al., 2021). A shortage of trained personnel to handle system
failures, battery replacements, and panel cleaning often leads to abandoned or poorly functioning solar projects
(AfDB, 2022). Countries like Kenya and Ghana have attempted to address this by implementing vocational
training programs focused on solar energy, but the demand for skilled technicians still outpaces supply (IEA,
2022). Furthermore, limited availability of replacement parts and inadequate after-sales services exacerbate
maintenance issues. Many solar components are imported, leading to delays in acquiring spare parts when
systems break down (Nygaard & Hansen, 2021). Without proper supply chains and local manufacturing
capabilities, maintaining solar infrastructure remains a persistent challenge.

5. Recommendations
To accelerate the adoption and sustainability of solar energy in rural Africa, a multi-faceted approach is necessary.
. Government Incentives: Governments should implement tax breaks, import duty exemptions, and

subsidies to reduce the high upfront costs of solar energy systems. Countries like Rwanda and Kenya have
successfully encouraged solar adoption by offering VAT exemptions on solar products, making them more
affordable for rural households (IRENA, 2023). Incentivizing private sector participation through favorable
policies can drive large-scale investments in renewable energy infrastructure (AfDB, 2022).

. Public-Private Partnerships (PPPs): Strengthening collaborations between governments, private
investors, and international development organizations can help scale up solar mini-grids in off-grid communities.
Successful models, such as Nigeria’ s Rural Electrification Agency (REA) partnership with the World Bank and
private developers, have demonstrated the effectiveness of PPPs in expanding rural electrification (World Bank,
2021). Encouraging foreign and domestic investment in renewable energy projects can further accelerate solar
deployment.

. Microfinancing Options: Many rural households struggle with the high initial cost of solar home
systems. Developing accessible and affordable loan schemes through microfinance institutions, cooperatives, and
mobile banking platforms can enable lowincome families to adopt solar energy solutions (Sovacool et al., 2021).
Innovative payas-you-go (PAYG) financing models, like those implemented in Tanzania and Uganda, allow
households to pay for solar products in small installments, increasing affordability and adoption rates (IEA, 2022).
. Investment in Local Workforce: Building a skilled workforce is crucial for the longterm sustainability
of solar infrastructure. Governments and private stakeholders should invest in vocational training programs to
develop local technicians who can install, repair, and maintain solar systems (Nygaard & Hansen, 2021).
Establishing training centers in rural areas and integrating renewable energy education into technical curricula
can help bridge the skills gap and create job opportunities in the solar industry (IRENA, 2023).
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. Policy Reforms: Establishing clear and stable renewable energy policies is essential for fostering investor
confidence and ensuring long-term growth in the solar sector. Governments should streamline bureaucratic
processes, reduce regulatory barriers, and implement national electrification plans that prioritize solar expansion
(AfDB, 2022). Consistent and transparent energy policies can help attract private investment and support the
development of decentralized solar solutions across Africa (World Bank, 2021).

By implementing these recommendations, African countries can accelerate rural electrification, promote
economic development, and enhance energy security through sustainable solar energy solutions.

6. Discussion of Findings

The findings of this study indicate that solar energy plays a transformative role in rural electrification in Africa.
By enabling small-scale businesses, improving agricultural productivity, and facilitating digital education, solar
power has become a crucial driver of rural development. Case studies from Kenya, Nigeria, and South Africa
demonstrate that solar mini-grids, pay-asyou-go solar home systems, and government-backed initiatives
significantly improve energy access and economic opportunities.

However, the study also highlights persistent financial, policy, and infrastructure challenges. High upfront costs
and limited financing options remain major barriers, preventing widespread adoption, particularly among low-
income households. Policy inconsistencies and bureaucratic red tape further delay solar energy projects, while
inadequate road networks and a lack of skilled technicians hinder maintenance and long-term sustainability.
Despite these challenges, successful programs such as M-KOPA Solar and Nigeria’ s Rural Electrification
Agency (REA) show that public-private partnerships and innovative financing models can overcome these
barriers. These findings align with previous research by the International Energy Agency (2022) and AfDB
(2023), which emphasize the need for strong policy frameworks and investment in local capacity-building to
scale up renewable energy solutions.

By addressing these challenges through targeted policy reforms, financial support mechanisms, and infrastructure
development, solar energy can continue to drive rural electrification, reduce poverty, and contribute to Africa’ s
sustainable development goals.

7. Conclusion

The expansion of solar energy is transforming rural electrification in Africa, offering sustainable, cost-effective,
and environmentally friendly power solutions. Solar technology has played a pivotal role in improving economic
development, education, healthcare, and environmental sustainability in underserved communities. However,
financial constraints, policy and regulatory barriers, and infrastructure challenges continue to hinder its
widespread adoption. To maximize the benefits of solar energy, governments, private investors, and development
partners must prioritize investment, streamline policies, and promote innovative financing mechanisms that make
solar solutions more accessible. Strengthening public-private partnerships, enhancing local workforce training,
and fostering long-term policy stability will be critical in scaling up solar energy deployment. By addressing these
challenges, Africa can achieve energy security, enhance livelihoods, and drive sustainable economic growth,
positioning renewable energy as a cornerstone of rural development.

| ISSN: 3065-0437 Page | 60

Vol: 14 No: o1
https://keithpub.com/ | ©2026 CJET]|

Published by Keith Publication ,




, ISSN: 3065-0437

Columbia Journal of Engineering and
Technology

Research Article

References
African Development Bank. A new deal on energy for Africa: a transformative partnership to light up and power
Africa by 2025. Available at:

Aguirre M and Ibikunle G. Determinants of renewable energy growth: a global sample analysis. Energy Policy
2014; 69: 374 384.

Bekun FV and Alola A. Determinants of renewable energy consumption in agrarian sub-sahar african economies.

Berglund C and Sdderholm P. Modeling technical change in energy system analysis: analyzing the introduction
of learning-by-doing in bottom-up energy models.

Carley S. State renewable energy electricity policies: an empirical evaluation of effectiveness.
Damette O and Marques AC. Renewable energy drivers: a panel cointegration approach.

Del Rio Gonzélez P. The empirical analysis of the determinants for environmental technological change: a
research agenda.

Ganda G and Ngwakwe C. Problems of sustainable energy in sub-Sahara Africa and possible solutions.
Gillingham K, Newell RG and Pizer WA. Modeling endogenous technological change for climate policy analysis.

Hafner M, Tagliapietra S and de Strasser S. Prospects for renewable. Energy in Africa 2018. 47— 75. Available
at: https://link.springer.com/chapter/10.1007/978-3-319-92219-5 3.

Handayani K, Krozer Y and Filatova T. From fossil fuels to renewables: an analysis of long-term scenarios
considering technological learning.

He L, Zhang S, Chen Y, et al. Techno-economic potential of renewable energy-based micro-grid system for a
sustainable large-scale residential community in Beijing, China.

Kazemzadeh E, Fuinhas JA, Salehnia N, et al. Quality and Quantity, Article in Press. 2022.

Foster E, Contestabile M, Blazquez J, et al. The unstudied barriers to widespread renewable energy deployment:
fossil fuel price responses.

Koengkan M, Fuinhas JA and Kazemzadeh E. Do financial incentive policies for renewable energy development
increase the economic growth in Latin American and Caribbean countries?

| ISSN: 3065-0437 Page | 61

Vol: 14 No: o1

https://keithpub.com/ | ©2026 CJET]|
Published by Keith Publication




, ISSN: 3065-0437

Columbia Journal of Engineering and
Technology

Research Article

Lau L, Yii K, Lee C, et al. Investigating the determinants of renewable energy consumption in Malaysia:nan
ARDL approach.

Levin A, Lin C-F and Chu C-SJ. Unit root tests in panel data: asymptotic and finite sample properties.
Lin B, Omoju OE and Okonkwo JU. Factors influencing renewable electricity consumption in China.

Marques AC and Fuinhas JA. Are public policies towards renewables successful? Evidence from European
countries.

Muibi SO and Omoju OE. Macroeconomic drivers and barriers to renewable electricity technology adoption in
Nigeria. Economic and Environmental Studies 2016; 16): 65— 83.

Ohimain EI. Diversification of Nigerian electricity generation sources. Energy Sources, Part B: Economics,
Planning, and Policy 2015; 10: 298 305.

Omri A and Nguyen DK. On the determinants of renewable energy consumption: international evidence.

Plassmann F and Khanna N. Preferences, technology, and the environment: understanding the environmental
Kuznets curve hypothesis.

Pohl B and Mulder P. Explaining the diffusion of renewable energy technology in developing countries.

Pohl B, Jakob M and Schlémer S. Determinants of renewable energy technology Adoption: evidence for
developing countries.

| ISSN: 3065-0437 Page | 62

Vol: 14 No: o1
https://keithpub.com/ | ©2026 CJET]|

Published by Keith Publication ,




