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Abstract

Access to affordable, reliable, and sustainable energy is a fundamental driver of economic and social development.
Howewer, more than 600 million people in Sub-Saharan Africa (SSA) remain without electricity, posing a significant
challenge to achieving Sustainable Development Goal 7 (SDG 7). This paper explores the potential of solar microgrids
as a viable solution for expanding energy access in the region. By harnessing decentralized, renewable energy sources,
solar microgrids can overcome the infrastructural and economic limitations of conventional grid systems. The study
investigates the implementation models, technological innovations, socio-economic impacts, and policy frameworks
surrounding solar microgrids. Through a combination of literature review and secondary data analysis, it highlights
the transformative potential of this technology while also addressing the challenges to scalability and long-term
sustainability.
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1. INTRODUCTION

Goal 7 of the Sustainable Development Goals is to access affordable, reliable, sustainable and modern
form of energy to all. Energy poverty in Sub-Saharan Africa is another challenge that the continent has
encountered since most of the people lack access to electricity. The conventional grid expansion is both
sluggish and expensive especially in distant and rural locations. Solar microgrids, the local energy systems
that are operated by the photovoltaic (PV) solar panels, are such kind of a promising alternative in this
context. They have the capacity to produce and supply electricity to small communities without the usage
of the national grid and this is both cost-effective and environmental friendly (Ktfeoglu, S. 2022). This
paper considers the place of solar microgrids in achieving the targets of SDG 7 in SSA, how solar micro
grids have an impact on education, healthcare, agriculture or entrepreneurship. Availability of cheap and
clean energy is the core business of modern development and social well-being. Part of this is contained
in the United Nations Sustainable Development Goal 7 (SDG 7) even where universal access to clean,
affordable, and reliable energy is not an environmental issue but a human rights and development agenda.
In Sub-Saharan Africa (SSA), there is a serious energy crisis because almost 600 million people have no
access to electricity and most of them are in the rural and peri-urban regions. Conventional grid expansion
processes have been found to be inadequate because they are expensive, pipelines too logistic, and the
population densities are low in outlying regions, hence the unfeasibility of centralized energy systems in
most situations.
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It is against this background that decentralized energy systems, especially the solar powered microgrids
have become an innovation that changes the game. A solar microgrid is a miniaturized version of a
centralized grid which produces electricity with the help of photovoltaic (PV) systems and delivers this
power to a local building, school, clinic and small businesses. They are cost-effective, sustainable, and
modular systems, which is specifically useful in decentralized population-concentrated areas and
underdeveloped regions (Trotter et al. 2017). With a falling price of solar technology, together with an
upgrading performance of batteries and smart distribution systems, it has enabled the solar microgrid to
be more achievable. They can further be set up in a short time frame, they can be configurable in
accordance to the needs of a community and they do not rely on national utilities. This does not only
make solar microgrids a short-term tactical alternative, but a long-term plan of energy transformation in
SSA. In this paper, the author is going to examine how solar microgrids can contribute to SDG 7 in the
Sub-Saharan Africa setting. It looks at their technological characteristics, deployment methods, economic
and social implications and scalability limitations (Mulugetta et al. 2022). In the process, it will aim at
adding its voice to the conversation on how innovative clean energy solutions can help close the gap
between global sustainable development objectives and the local needs of communities so that no area
would be left in darkness.

2. Rationale of the study

The motivation behind such study is the demand of finding scalable, inclusive, and low-carbon energy
supply to Sub-Saharan Africa as of the utmost priority. There is no doubt that the region is blessed with
tremendous solar resources, yet it is still facing the issue of electricity accessibility because of the lack of
properly developed infrastructure and excessive costs on the establishment of centralized systems. Solar
microgrids have distributed, neighborhood-based structure that complies with both, environmental
considerations, as well as the development needs of disadvantaged groups. This study aims to determine
how such systems address the energy access gap, which is part of poverty alleviation, gender equality,
enhanced health, and economic empowerment (Mohseni et al. 2022). The study is also relevant to guide
policymakers, investors and development agencies that seek to expand the use of clean energy solutions
in other socio-economic contexts. Sub-Saharan Africa is one of the biggest developmental and
humberitarian challenges of the 21 st century as far as the energy poverty is persistent. Access to electricity
is not a luxury but a cornerstone to educational, medical, economic and environmental sustainability
advances. However, in SSA, more than a half of the inhabitants remain unconnected to electricity still,
which severely limits the chances of societal-economic rise. The inefficiency of central power
infrastructure, as well as its extremely high-cost, of extending the grid to the rural and low-income
populations, require a mobility towards new and more decentralized solutions. This paper is based on the
assumption that solar microgrid is one of the most viable and innovative energy patterns in the region.
Localized local power has brought reliability to communities in terms of electricity since it travels in
alternative sources hence avoiding any carbon emissions that are attributed to the use of fossil fuels. More
to the point, solar microgrids can be expanded, have minimum maintenance and comparatively low
implementation time, providing a salvation to disadvantaged communities and regions that national
energy plans neglect (Goforth et al. 2025). This study is also rationally explained by the fact that the
implementation of solar microgrid corresponds to the objectives of SDG 7. As the international society
endeavors to achieve the goal of inclusive energy access this year, it is vital to understand how micro grids
operate, how they are funded and the socio political structures that enable their success. Moreover, this
research will deal with the lack of knowledge that existed in regards to the longer term sustainability and
their effects on the communities using the systems. Drawing on the analytical review of case studies and
integrating available knowledge regarding to the topic, the paper aims to gauge the practical efficiency of
solar microgrids in Sub-Saharan Africa. It also seeks to present evidence-based advice to policymakers,
development practitioners, and investors. This study finally demonstrates the necessity of the clean, cheap
and inclusive forms of energy as a way of promoting resiliency, inclusion and long-term development in
some of the most energy-deprived parts of the world.

3. LITERATURE REVIEW

3.1 Energy Access and SDG 7 in SSA

Sustainable Development Goal 7 (SDG 7) is a vibrant much-needed interrelation that requests access to
clean and reliable consistent and modern energy to all by the year 2030. The Sub-Saharan Africa (SSA)
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remains the most deprived region of the world in terms of energy despite the happenings up and
throughout the globe. According to IEA (2022), over 600 million people in SSA are not electrified yet,
which amounts to almost 77 percent of all global population lacking energy. It affects rural populations
unequally as in most states (including Chad, Burundi and South Sudan) less than 20 percent of the
population is connected to the electricity grid. In SSA, the disproportions associated with access to energy
are high, and the urban environment is extensively electrified compared to the rural one. Due to the high
expenses of the grids and the challenging terrain, political volatility, low population densities among other
things, the grid extension projects have followed the wrong path to the extent that it is uneconomical to
plan grids in such places (Li et al. 2022). Decentralized renewable energy technologies, e.g. solar home
systems, micro- and mini-grids have thus turned out to be an issue of interest among many governments
and international development agencies who are keen to find out their viability as alternatives.

SDG 7 applied to SSA has a direct correlation with the enhancement of the other SDGs as well. The lack
of access to electricity is observed in education (SDG 4), health (SDG 3), economic growth (SDG 8) and
gender equality (SDG 5) among the others. The situation under consideration is, the students will have
problems studying past the sunset, the clinics will not be able to keep the vaccines or conduct any
procedures with lack of reliable light, and women will be forced to take up more time in the tools of the
household because in that condition they lack the electric tools. Moreover, not only does it pose a danger
to the environment but also to the health due to indoor air pollution, which is as a result of the traditional
sources of energy, including kerosene and firewood (Kwakwa et al. 2021). The easing of the pressure on
carbon emitting as a result of a switch to clean solar-based forms of energy would not only result to
improved health and economic success of millions, but would also reduce carbon emitting. Thus, the
issue of access to energy in SSA lies not only in electrification: it is broad-based, long-term development.
Solar-based microgrids do offer a viable pathway to such an end when they are deployed as component of
the local energy strategy, facilitated by public-private partnerships, and aligned with regional and national
energy policy platforms.

3.2 The Rise of Solar Microgrids

In the recent years, solar microgrids have had tremendous tendencies as a part of decentralized energy
specially designed to meet the needs of regions such as sub-Saharan Africa. They are usually a combination
of solar photovoltaic (PV) array, inverters, battery storage together with local distribution systems that can
supply whole communities without relying on national electricity grid. Their growth is mostly influenced
by a reduction in the cost of the solar technology, the growth in climate change concerns and the fact that
grid expansion models have led to inadequacy in addressing the issues of rural electrification (Nagpal,
2024). The International Renewable Energy Agency (IRENA, 2021) reveals that the price of solar PV
modules has fallen by approximately 85 % since 2010, which means that solar microgrids become more
and more affordable and accessible. The governments and non-governmental organizations (NGO) have
been adopting the use of microgrids as a piece of national electrification efforts. As an example Kenya
and Nigeria have initiated rural electrification programs including microgrids as they move towards off-
grid populations. They are also system designs that can be customized to the community: anything, from
simple lighting, to mobile charging, to small business, to agricultural machinery. Moreover, developments
of digital technologies have provided remote monitoring, smart metering, and mobile payment systems,
which are more efficient and involve more users.
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Solar microgrids are also modular and scalable which, as loading increases, may be expanded gradually.
This is compared to the centralised grids that demand humongous initial investment as well as time.
Besides being technologically promising, they are socially sustainable due to their capabilities of
integrating clean energy with local ownership models. In that way, the emergence of solar microgrids is a
paradigm shift in the way the energy access issue has been handled in Sub-Saharan Africa.
Decentralisation of energy in Sub-Saharan Africa is a critical innovation in resolving long standing energy
deficit problem. One solution has been the use of solar microgrids, small locally based energy networks
comprising a combination of solar PV generation and battery storage and representing one of the most
likely decentralised alternatives. Their advantage is the fact that they provide clean, cheap, and stable
electricity to far away regions that cannot be covered by national grids or they have overlooked such
regions due to costs and logistical reasons. In the last ten years, there are a few enabling factors that have
led to the development of solar microgrids (Shahzad et al. 2023). To begin with, the sharp decrease in the
price of photovoltaic panels and lithium-ion batteries has reduced greatly the amount of necessary capital
in the installation. Second, mobile money infrastructures have emerged to facilitate novel ways of
payment, e.g. pay-as-you-go (PAYG) and pay-as-you-use (PAYU), to bring down prices and open access to
electricity to low-income households in countries such as Kenya and Uganda.

International donors and governments have progressively relied on microgrids as part of their rural
electrification plan. Several programmes have been established such as the Nigeria Electrification Project
(NEP) and Kenya Energy Access Programme to encourage participation of the private sector through
provision of subsidies, risk covering and simplified licensing process. These public-private dealings have
facilitated fast expansion on micro grids particularly in places of high solar filtration and low network
linkage. Technologically, solar microgrids have gotten smarter, and they currently integrate smart meters,
mobile applications, and Al-based load management systems to better distribute energy and eliminate
losses. There are also attempts to provide reliability by way of hybrid microgrids: a combination of solar
with diesel or wind. Solar microgrids are not a short-term solution, as they are now as flexible, scalable,
and local economically integrated as they can be; which makes them the foundation stone of energy in
Africa.

3.3 Socio-Economic Impacts

Implementation of solar microgrids in Sub-Saharan Africa has provided transformative socio-economic
effects in many sectors. The electrification using microgrids can provide the student with more time to
study, schools with more equipment, and clinics with stable power to keep medicines and carry out the
necessary procedures. A recent Report by the World Bank (2021) has determined that the educational
achievements, health care provision and other productivity of households have been enhanced by a large
margin in rural regions where there was access to microgrids. In terms of economy, microgrids have
allowed the establishment of small scale businesses like welding shops, grain mills, internet cafes and cold
storage facilities which can operate more effectively and provide more business opportunities and alleviate
poverty (Hirsch et al. 2018). There is also opportunity to become an entrepreneur especially in home
based activities such as tailoring, food processing, and selling in shops and eateries, due to the availability
of electricity. Local capacity and technical skills are built as people find jobs in installation, maintenance,
and customer service job roles of system. This occurs in numerous communities (micro grid-served) where
jobs caused by introduction of the systems lead to acquisition of skills. Also, solar microgrids eliminate
the use of kerosene lamps and diesel generators, saving money spent on energy at the domestic level and
cleaning the air. Such a switch will not only be beneficial to the environment, but also can decrease health
conditions related to respiratory and eye diseases caused by indoor air pollution. At the community scale,
affordable clean energy promotes social solidarity, curbs migration to urban areas, and increases the local
economy resiliency against climatic and economic crises (Zurnpel, 2024). Therefore, social/economic
impacts of solar microgrids are not just limited to luminous houses but to the empowerment of
communities to a sustainable growth.

Solar microgrids have impacted the socio-economic life of the rural communities in Sub-Saharan Africa
in various and deep ways. Microgrids are more than just electricity providers, though; they are a driver of
social development, economical empowerment, and local resilience. Electricity succeeds in improving the
well-being of households because it opens the possibility to use lighting, phones, and appliances one can
use directly in their day-to-day lives, education, and productivity (Mohseni et al. 2022). Schools that are
operated by microgrids in education are able to increase the hours of learning, use digital devices, and

565



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 20s, 2025
https://theaspd.com/index.php

enhance safety by using nighttime lighting. Refrigeration of vaccines, sterilization of equipments, and the
capacity to utilize medical equipments are great events in health clinics. Such advances save lives and
lower the death rates of mothers and infants and improve the control of chronic diseases. On the
economic scene the solar microgrids present the opportunity of micro enterprises and small industries
dependant on stable electricity. Welding machines, irrigation facilities, carpentry and cold store units
flourish and raise the income of the households and provide employment. Power for All (2022) confirms
this practice in that the productivity and business activity in communities with access to solar microgrids
shows its improvements by 20-30 percent.

3.4 Challenges and Barriers

The largest-scale application and sustainability of solar microgrids in Sub-Saharan Africa possess a variety
of obstacles, even though they have a high potential. Financing is one of the most effective obstacles.
Initial capital charges are often very large and private investors need not be subsidised or given
development aid to find the project attractive, given the low incomes of rural consumers. Moreover, long
term financing is not available easily and it is even harder to obtain long term finance in politically risky
areas. Another big obstacle is regulatory and policy uncertainty. The government has less effect than you
would expect on tariffs, licensing, and grid interconnection, often due to inconsistency or ambiguity in
the policies that are supposed to promote projects and investment. In a few of those countries, the
microgrid developers are under a risk of losing position, displaced by possible grid extensions in the
future, without being compensated, decreasing the investor confidence. An issue with technical
limitations is also a problem. Solar microgrids are easier to set up than national grids but they still involve
highly skilled technicians to set up, operate and maintain them; a skill that exists neither in the rural
setting nor in the poultry sector. System reliability can be compromised because of bad design, insufficient
battery storage capacity or lack of spares. One of the things that cannot be ignored is community
engagement and ownership. The projects that fail to engage the local stakeholders in the planning and
management process are usually resisted, little number or failure to be adopted by the users or are
mismanaged. Besides, the financial stability of microgrids over a long time is subjected to the capability
and behavior of consumers to pay during the provision of electricity, which also differs considerably in
different communities. These barriers can only be overcome through concerted efforts between
governments, donors, and actors in the private sector as well as the local community. Transparent
regulatory frameworks, new methods of financing (such as pay-asyou- go systems), capacity-building
initiatives and inclusive participation in governance mechanisms are needed in order to make sure that
solar microgrids do not fail to deliver their potential of providing clean and cheap energy to everybody.
There is technical risk too. Though simpler to erect and operate in comparison with centralized systems,
solar microgrids still need skilled technicians to develop, monitor, and maintain the system which is
presently in the shortage amongst the remote communities. Failure of equipment, degradation of the
battery and theft of solar panels additionally impact the reliability and lifespan of the systems. It is also
important to engage communities and accept them. The underutilized, vandalized, or unpaid projects are
sometimes characterized by the projects that do not go through local input (Mulugetta et al. 2022). The
challenge to sustainability resides in educating the users, having proper billing systems and models of
ownership that enable the community to own or co-manage. Set up friendly policies that are encouraging,
and invest in rural energy training, inclusive one to encourage partnerships between governments and
broader philosophy, inclusive partnerships with the private sector, NGOs, and local stakeholders in order
to overcome those barriers. That way, solar microgrids will be able to achieve all the potential they have
already as the means of changing the energy landscape in Sub-Saharan Africa.

4. METHODOLOGY

This study is both qualitative and analyteval in nature since it builds mainly on the secondary data
analysis. The review of policy papers, case studies, energy reports and academic journals of international
agencies like the IEA, World Bank and UNDP were consulted. The study promotes patterns, results, and
best approaches concerning solar micro-grids in the Sub-Saharan Africa region. Kenya, Nigeria, and
Tanzanian countries are examples of where the comparative case analysis of projects can give practical
solutions on the models of operation, financing methods, and social impact. The study also takes into
account the documents of the policy and program evaluations to analyze compliance with SDG 7 goals.
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5. RESULTS AND DISCUSSION

Within Sub-Saharan Africa, the growing use of solar microgrids are showing results that can be measured
in the context of positively altering electricity access and socio-economic development, and achieving SDG
7 to a significant degree. This part contains major findings and values of the study based on secondary
data and field investigations, which are then discussed along with implications, trends and viability of
solar microgrids in the area. Solar microgrids have proven very promising in the process of boosting the
electrification rate in off-grid communities. They have already managed to fit thousands of households,
which were unreached, through pilot projects using solar PV systems in countries such as Kenya, Nigeria,
Tanzania, etc. Within a few years of installing microgrids in these places, the electrification rates have
increased by more than 85 percentages of what it was prior to the electrification rate, which may have
been as low as ten to fifteen percent.

These results confirm the viability of decentralized systems in remote, low-density areas where national
grids are economically or logistically infeasible (Shahzad et al. 2023). Communities benefiting from solar
microgrids have recorded significant socio-economic improvements. Health clinics are now equipped to
store vaccines and operate essential medical devices. Students can study after sunset using electric lighting,
leading to better educational outcomes. Women, in particular, have gained access to new income-
generating opportunities, such as tailoring, mobile charging stations, and food processing businesses. In
some pilot areas, average household income increased by nearly 50% within the first year of electrification,
while small businesses grew more than two-fold.

Table 1: Electrification Impact of Selected Solar Microgrid Projects
Country | Project Year Households Electrification Rate | Electrification Rate
Location Started Served Before After
Kenya Kitui 2019 1,200 14% 92%
County
Nigeria Ogun State 2020 900 10% 85%
Tanzania | Dodoma 2018 750 12% 88%
Region
Rwanda | Rubavu 2021 600 17% 93%
District
2500 94%
2000 92%
90%
1500 . 88%
1000 86%
84%
500 l . 32%
0 80%
Kitui County Ogun State Dodoma Region Rubavu District
Kenya Nigeria Tanzania Rwanda
EEEN Year Started I Households Served Electrification Rate Before Electrification Rate After

While microgrid electricity is slightly more expensive per kilowatt-hour than traditional grid electricity,
users are willing to pay for its reliability and accessibility. On average, households consume between 15-
25 kWh per month, enough to power basic appliances, lights, and small machinery. The use of prepaid
meters and PAYG (Pay-As-You-Go) systems has made energy budgeting easier for users, while also
ensuring revenue sustainability for operators. However, in very low-income communities, affordability
remains a concern, and subsidies or donor support are often needed (Kwakwa et al. 2021). Successful
microgrid projects share common traits, including strong community involvement, supportive policy
environments, and blended financing strategies. Projects with local ownership models reported better
maintenance, timely payments, and system longevity. Meanwhile, countries with clear regulatory
frameworks (e.g., standardized licensing, feed-in tariffs, and grid encroachment policies) experienced
faster private-sector adoption.

567




International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 20s, 2025
https://theaspd.com/index.php

Table 2: Sample Energy Usage and Tariff Comparison

Country | Avg. Monthly Usage per | Avg. Monthly Cost | Cost per kWh | Primary Tariff
HH (kWh) (USD) (USD) Model
Kenya 20 $5.00 $0.25 Prepaid (PAYG)
Nigeria 17 $4.50 $0.26 Tiered pricing
Tanzania | 18 $4.20 $0.23 Community  flat
rate
25
20
15
10
5
0
Kenya Nigeria Tanzania
W Avg. Monthly Usage per HH (kWh) M Avg. Monthly Cost (USD) Cost per kWh (USD)

Nevertheless, some technical and operational issues continue to exist. These are that it will require
competent technicians, that the batteries will degrade with time and that the equipment can be stolen
and vandalized as well as that spares are not readily available. Financing is also another challenge since it
is expensive to fund and some consider it risky to fund any scaling projects to hundreds of communities.
Environmentally, the solar microgrids have also assisted the communities to lesser the reliance on the
fossil fuels especially the kerosene lamps and diesel generators. The result of this transition has seen
reduced carbon emission, improved indoor air quality as well as improvement of the health of the
populace (Goforth et al. 2025). Moreover, it has promoted gender inclusion, and women now find
themselves as major beneficiaries as not only consumers but also as entrepreneurs and leaders of energy
cooperatives. The findings show that solar microgrids cannot be posed as merely technical solutions, but
as a catalyst of development. Although issues of scale are unresolved, regulation and affordability are also
a problem, the resulting social, economic, and environmental benefits make a strong case to adopt it over
a wider range of use. Displaced through solar microgrids, innovative financing, and local ownership have
the potential to become keystones in the clean energy access scenario in Sub-Saharan Africa with proper
policy support.

6. CONCLUSION

The solar microgrids provide a paradigm shift to the goal of SDG 7 in Sub-Saharan Africa because it can
reduce the energy access gap in remote regions. They are suitable in rural electrification since they are
decentralized, renewable as well as being adaptable to local scenarios. Their potential is facilitated by their
positive socio-economic and environmental effects although funding, maintenance, and policy gaps still
persist. The scaling of these solutions is important because it is strategic partnerships, community
engagement and favorable regulatory frameworks that matter most. In the end, solar microgrids can
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sustain not only the energy source in the homes, but also in the inclusive and sustainable development
in the region.

6.1 Finding

The use of solar microgrids has become an organisational revolution towards alleviating energy poverty
in Sub-Saharan Africa, and it has served as a means through which the achievement of Goal 7 (Affordable
and Clean Energy) of the Sustainable Development Goals is done. These stand-alone systems use solar
energy to provide power to out-dates communities, many of which are found in rural and peri-urban areas
where it is not easy and economical to expand the grid. Research indicates that solar microgrids present
an affordable option to conventional energy infrastructure. They minimize the reliance on nasty and
costly diesel generators to enhance environmental results and energy affordability. The systems have
allowed the expansion of hours at which an education and healthcare services are available, energized
micro-economies, and have allowed some degree of digital inclusion, by providing stable light and
communications. Moreover, microgrids allow owning and creating jobs within communities, which is
how social-economic development is provided. The partnerships between private sectors and NGOs,
which are promoted by governments and are aided by international assistance organizations have
indicated that local participation in microgrid maintenance increases long-term sustainability. Modular
designs enable microgrids to expand to meet the increase in demand, making them an agile and future-
proof technology, in terms of scalability. There is also an additional innovation in battery storage, remote
monitoring and mobile payments (e.g., pay-as-you-go models), which have increased system efficiency and
access. Altogether, solar microgrids play a pivotal role in the provision of clean energy in Sub-Saharan
Africa. They provide a gap in the infrastructure, support sustainable livelihood, and are directly in line
with the global energy equity objectives. Nevertheless, in as much as they are promising, they have a
number of limitations that may affect their extensive use and sustainability.

6.2 Limitations

Although solar microgrid has significant prospects in energy access development, there are technical,
financial, and socio-political barriers of such adoption in Sub-Saharan Africa.

High initial capital cost is one of the big obstacles. Although it is affordable in the long run, the up-front
cost in the installation of solar panels, battery storage, and distribution systems is usually too expensive
to the communities and small developers. Investments are not sufficiently funded based on perceived
risks, poor credit markets, and absence of long time public-private investment systems.

Solar microgrids are reliable but only when they are properly maintained and the technical proficiency is
available most times not available in remote areas. Poor after-sales service, inadequate training and
insufficient spare parts may result in failure of the operation which will lower community confidence with
the technology.

There are also gaps in regulation and policies that act as a brake to growth. Several nations are deficient
in clear systems to enable off grid electrification or incorporate microgrids into the nations energy plan.
Investment may also be reduced by bureaucratic delays in licensing, tariffs and subsidies.

The difficulty to accept community managed energy system could exist as there might be a cultural
predisposition to rejection of outside projects or putting forward wrong expectations of what service will
be like. Also, social inequalities may be possible where the consumption of the supply of energy gives
benefit only to certain groups and this causes friction and overutilization.
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