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Abstract 

Energy security is the ability of a region to affordably access sufficient energy, and to utilize such energy for its growth, 

well-being, and overall economic development. Africa is a continent rich in both renewable and non-renewable energy 

resources. An irony lies in the fact that Africa’s access to energy is nearly insignificant when compared to developed parts of 

the world. Africa has tremendous energy resources at its disposal, however, the technological, socio-economic, and 

policy-oriented systems required to fully harness these resources have eluded the continent for years. This paper offers insights 

on how the gap can be bridged – moving Africa from being merely a depository of energy resources, to a continent that 

harnesses its natural energy endowments towards improving the well-being of its people. The paper begins by providing an 

introduction to the current state of Africa’s energy sector. It then goes further to discuss the challenges militating against energy 

security in Africa. Most importantly, it provides insights into the technical, socio-economic and policy-oriented approaches and 

strategies that can be taken to turn Africa into an energy-secure continent. The paper concludes by summarizing the actionable 

steps that can be taken to achieve a sustainable energy future for the African continent. 
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1. Introduction 

It is without doubt that Africa has at its fingertips, an 

enormous amount of energy resources sufficient to meet its 

energy needs. It is also the case that Africa accounts for less 

than 6 percent of global energy consumption, and about 600 

million people lack access to electrical energy in Africa [1]. 

This is as a result of the lack of clear strategies and initiatives 

to fully take advantage of available energy resources – only 

about 25 out of 54 African countries have clear energy ac-

cess strategies [1]. In Nigeria for example – Africa’s most 

populous nation – energy generation and wheeling infra-

structures remain in a deplorable state. This is evident in the 

incessant collapse of the national grid and failure of distribu-

tion networks, to mention a few. There is a growing need for 

private sector participation and innovation in energy genera-

tion, transmission and distribution in order to improve ener-

gy access and subsequent economic outcomes. 

Changing Africa’s narrative vis-à -vis energy security 

starts with identifying the energy resources at its disposal. 

Energy resources are broadly classified as renewable or 

non-renewable. Renewable energy includes resources that 
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restore themselves, while non-renewable energy includes 

resources that cannot restore themselves [2]. Africa’s re-

newable energy resources include: solar energy, wind, bio-

mass and hydropower [3]. West African countries experience 

elevated levels of sunshine, placing them in an advantageous 

position to harness solar energy on a large scale [4]. The total 

wind potential in Africa is estimated at about 180,000 

Terawatt-hours per year, which is 250 times the current de-

mand of the continent, and about 27 African countries can 

satisfy the entire continent’s electrical energy demand [5]. 

Africa’s hydropower potential is estimated at about 340 Gi-

gawatts, most of which are ascribed to the Eastern, Southern 

and Central regions of the continent [6]. 

There are several challenges standing in the way of Afri-

ca’s emergence as an energy-secure region. Amongst such 

challenges, to mention a few, are: the lack of a clear energy 

access strategy and the lack of adequate energy investments 

in the region. For Africa to emerge as an energy-secure re-

gion, strategy and investments must synergize. Despite Afri-

ca’s enormous energy resources, it draws in only about 3% 

of global energy investment [7]. In sub-Saharan Africa, thir-

teen countries have less than 25% energy access, compared 

to just 1% in the developing parts of Asia [8]. Technocrats, 

policymakers and governmental administrators should lean 

towards formulating strategies that can transform Africa’s 

energy landscape, gearing the continent towards a sustaina-

ble energy future, and consequently improving future eco-

nomic outcomes. 

2. Deployment of Renewable Energy 

2.1. Concept 

Renewable energy refers to energy obtained from natural-

ly-occurring sources that replenish themselves at a rate high-

er than the rate of consumption [9]. Examples of such 

sources include wind, sunlight and hydro (flowing water). 

They are the reverse of non-renewable energy sources, such 

as oil, gas and coal, which are irreversibly depleted. The law 

of conservation of energy states that energy can neither be 

created nor destroyed, but may be transformed from one 

form to another. As such, mankind has devised methods to 

convert energy from these naturally-occurring sources into 

useful electrical energy to power industries and homes. With 

the use of wind turbines, energy from the wind can be con-

verted into electricity. Through photovoltaic cells, sunlight 

energy can be harnessed and converted into electrical energy. 

Also, kinetic energy from flowing water can be used to drive 

turbines for electricity generation. Several ambitious energy 

projects across the world consist of large-scale installations 

of solar panels (panels of photovoltaic cells), wind turbines 

and hydroelectric turbines to generate sufficient electrical 

energy to power homes, industries and businesses. 

2.2. Technology 

African countries are rich in renewable energy resources. 

A good strategy should begin with identifying these re-

sources within each part of the continent, and exploiting 

them for electricity generation. For instance, in the south of 

the Tenere Desert, lies Niger’s eastern region of Diffa which 

is surrounded by an oasis called the Agadem – known to be 

one of the sunniest areas on earth [10]. Out of the 10 sunniest 

nations on earth, 7 come from Africa: Kenya, Niger, Sudan, 

Egypt, Chad, Madagascar and South Africa [10]. 

 
Figure 1. Map of Solar Radiation Levels in Africa [11]. 

Solar plants can be built in these sunny regions to meet 

their energy needs, in part. Such plants would require the 

installation of thousands of solar panels (connected in series) 

to form solar arrays capable of producing usable voltage. An 

electrical equipment known as a combiner box would be 

installed to combine all the DC (Direct Current) electricity 

emanating from the solar panels. The combined DC would 

then be fed into an inverter. The role of the inverter is to 

convert DC into AC (Alternating Current). This conversion 

stage is crucial, as national electrical grids run on alternating 

current. Finally, the AC voltage would be fed into a static 

electrical machine called a transformer. This transformer 

serves the purpose of stepping up the voltage from a low 

value to a high value, for long-distance transmission through 

the national grid. Alternatively, this AC voltage could be 

served directly into people’s homes and small businesses, 

without having to go through the national grid – this method 

is often used in rural areas that are underserved by the grid. 

Figure 2 shows a typical solar plant installation. 
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Figure 2. A Solar Power Plant Installation [12]. 

An engineered system is expected to be reliable and 

available to serve its purpose at all times. To ensure that 

electricity generation, transmission and distribution systems 

in Africa are reliable and available, it is important that cer-

tain concepts are factored into their design. One of such crit-

ical concepts is redundancy. Redundancy is an important 

concept in infrastructure planning and engineering which 

involves the inclusion of duplicate components in a system’s 

design, to ensure its continuous operation with near-zero 

downtimes. To ensure that underserved regions in Africa 

have access to a continuous supply of electrical energy, it is 

essential to ensure that generation, transmission and distribu-

tion systems are designed with component redundancies, 

consequently eliminating single points of failure. For exam-

ple, in a solar power plant, multiple transformers can be in-

stalled, such that when one transformer fails due to electrical 

fault, duty can be transferred to another transformer, thereby 

ensuring continued service and minimizing downtime. Simi-

larly, duplicate transmission pathways can be built so that 

energy can flow through another (healthy) pathway when the 

main pathway has an electrical fault. 

Africa also has an enormous wind potential. According to 

the International Finance Corporation, Africa has sufficient 

wind resources to meet 250 times its entire electricity de-

mand [13]. Wind power still remains largely untapped in 

Africa. The continent has less than 1 percent of the world’s 

installed wind capacity, facing lack of financing and policy 

support [13]. Shown below is a map of Africa’s wind energy 

potential, according to African Development Bank (AfDB 

2014): 

 
Figure 3. Map Showing Africa’s Wind Energy Potential [14]. 

Regions with high average wind speeds should be popu-

lated with wind farms consisting of several wind turbines 

installed to generate electricity from wind energy. Wind 

power plants are green in that they have less impact on the 

environment because they do not require fuel. 

Wind power plants consist of wind turbines as the main 

component. Wind turbines are vertical structures with large 

rotating blades connected to a rotor. As wind blows over the 

blades, the rotor spins. The rotor is connected to a generator 

through a shaft which transmits the rotational kinetic energy. 

The generator then converts this rotational kinetic energy 

into electrical energy through electromagnetic induction. A 

collection point collates all the low voltages emanating from 

the generators. At this point, the low voltage undergoes 

transformation and is stepped up to a high magnitude that is 

suitable for long-distance transmission through transmission 

lines and substations. With the use of sensors and computer 

software, wind speed and direction can be measured, so that 

the orientation of the turbines can be adjusted to access 

maximum wind energy. 
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Figure 4. Wind Power Generation System [15]. 

Shown in Figure 4 is the block diagram of a typical wind 

power generation system. A pitch angle controller influences 

the angle of the turbine blades, helping to maximize the 

amount of energy extracted from the wind while also pre-

venting mechanical damage to the turbine. The rotational 

energy from the turbine is transferred to a synchronous gen-

erator through a shaft. The generator then produces electrici-

ty at a constant frequency (usually 50 or 60 Hertz). The AC 

electricity from the generator flows through a generator-side 

converter and an intervening DC link which helps to 

smoothen-out fluctuations in electrical power. A GSC (Grid 

Side Converter) helps to synchronize the voltage output with 

the grid. It adjusts the frequency and phase angle to match 

the requirements of the grid. Finally, the synchronized volt-

age can be conveniently stepped up for long-distance trans-

mission along transmission lines and substations, for eventu-

al distribution to homes, businesses and industries. 

Hydropower potential in Africa is considerably large. As 

of 2023, Ethiopia had the greatest hydropower capacity in 

Africa, reaching about 4.9 Gigawatts, followed by Angola 

and South Africa at about 3.7 and 3.5 Gigawatts respectively 

[16]. Hydropower’s share in energy generation exceeds 80% 

in countries such as Malawi, Uganda, Mozambique and 

Zambia, however, only 11% of the continent’s current hy-

dropower potential is utilized [17]. Public-Private Partner-

ships should be created with the aim of allocating sufficient 

capital towards the development and execution of more hy-

dropower projects in water-rich regions of the continent. 

2.3. Socio-Economics 

Low access to energy has negative impacts on education, 

health, and sustainable growth in Africa [18]. Household 

pollution caused by lack of clean cooking technology result-

ed in about 700,000 deaths in Africa in 2019 [18]. According 

to a report by the United Nations, Africa has the lowest elec-

tricity access in the world due to lack of energy supply grids, 

or due to the use of unstable and outdated grids. 

Increased access to affordable clean energy can improve 

socio-economic outcomes in Africa, because energy is cor-

related with economic growth (higher Gross Domestic Prod-

uct levels are linked with greater energy access, affordability 

and use) [19]. With the injection of more electrical energy 

into the grid, and the adoption of smart grids and embedded 

generation technologies, energy can be served to communi-

ties, businesses and industries at lower cost (economies of 

scale). Industries require sufficient energy to operate manu-

facturing plants and machinery, for increased output. With 

increased output comes increased GDP (Gross Domestic 

Product). Energy is also essential for the delivery of 

healthcare services, for educational administration, and to 

promote innovation and entrepreneurship. 

African governments, technocrats and policymakers 

should focus on improving energy access as the first step 

towards socio-economic advancement of the continent. Fi-

nancing and investments should be directed towards the de-

velopment of robust energy generation, transmission and 

distribution systems across the continent. 

2.4. Policy 

Policy plays an important role in improving energy access 

outcomes in Africa. Through the creation of clear regulatory 

frameworks, African governments can attract private sector 

investments in energy. These frameworks would guide the 

generation, transmission and distribution of energy within 

each nation. To improve energy security in Africa, govern-

ments should lean towards creating regulatory commissions 
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that will be responsible for ensuring reliability, efficiency 

and fair practice in the energy sector. These commissions 

should be led by competent professionals who would imple-

ment policies concerning tariff regulation, licensing, moni-

toring and renewable energy integration. 

African governments can also improve energy security 

through the provision of financial incentives to energy firms 

and renewable energy projects. By subsidizing taxes and 

providing grants to growing renewable energy firms and 

startups, their operations can expand to provide affordable 

energy to communities, businesses and industries. 

African governments can stimulate energy investments 

through the issuance of energy bonds to the public, raising 

sufficient capital to finance renewable energy generation and 

integration projects across the continent. Through the issu-

ance of Green Bonds, governments can access the capital 

markets to finance ambitious renewable energy projects that 

will transform the lives of Africans and improve future eco-

nomic outcomes. 

3. Smart Grid Innovations 

3.1. Concept 

Smart grids are modern-day electrical grids that utilize 

advanced digital technologies, communication systems, con-

trol and automation to improve the reliability and efficiency 

of the electrical grid. Smart grids incorporate grid monitoring 

and control strategies, state-of-the-art metering infrastructure, 

cybersecurity and energy storage integration, amongst other 

features. Smart grid is an improvement of the 20th century 

electrical grids [20]. 

3.2. Technology 

Smart grids incorporate AMI (Advanced Metering Infra-

structure) in their design. Smart meters are installed at con-

sumers’ premises, allowing for bi-directional communication 

between the consumers and utilities. These meters provide 

data on the consumers’ energy consumption in real-time. 

Through control and automation systems, smart grids ena-

ble the access to real-time data on the operating conditions of 

the grid, thereby allowing for quick response to electrical 

faults and disruptions. A quick response to electrical disrup-

tions reduces overall system downtime and increases system 

availability. 

Legacy electrical grids have challenges managing the var-

iability of renewable energy systems. However, smart grids 

possess advanced control, monitoring and storage systems 

that allow for easier integration of renewable energy. These 

systems provide the necessary adjustments to match renewa-

ble energy supply and store excess energy. 

 
Figure 5. Electrical Grids of the Future [20]. 
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Shown above is an illustration of the intended transition 

from undigitized electrical grids to fully digitized electrical 

grids. 

The decentralized nature of smart grids makes them valu-

able to Africa’s energy security. A decentralized electrical 

grid ensures the elimination of single points of failure within 

the grid, through the incorporation of redundancy and diver-

sity in electricity transmission systems. This will ensure con-

tinuity of service to consumers, providing them with suffi-

cient energy to improve their standard of living. 

3.3. Socio-Economics 

The deployment of smart grids in African countries has 

positive socio-economic implications. One of such implica-

tions is that smart grids will ensure the efficiency and relia-

bility of energy supply to industries and manufacturing 

plants, reducing operational downtimes significantly. With 

reduced downtimes comes increased industrial output per 

unit time – the cumulative effect being an increase in the 

Gross Domestic Product of African countries. An increased 

GDP implies an increased GDP per capita (assuming popula-

tion does not increase by the same extent). 

Smart grids can also help to reduce the cost of operation of 

electrical power systems, through more efficient manage-

ment and monitoring. This will reduce the cost of accessing 

energy for African consumers, ultimately improving the 

quality of their lives. 

3.4. Policy 

African governments should seek to create PPPs (Pub-

lic-Private Partnerships), whereby both the public and private 

sectors can synergize to stimulate smart grids adoption. With 

the fusion of the private sector’s innovation and capital, and 

the public sector’s long-term vision for national development, 

African countries can record significant progress in integrat-

ing smart grid technologies into their energy delivery sys-

tems. 

African governments can also drive the adoption of smart 

grid technologies by allocating funds to research and devel-

opment in the field of smart grids engineering and design. 

Research grants should be allocated to professors, students 

and laboratories carrying out smart grids research so as to 

stimulate smart grids adoption at an exponential rate. 

Lastly, through the adoption of sound regulatory frame-

works, African governments can steer the continent towards 

a more energy-secure future. These frameworks will help to 

guide technical practices and ensure transparency and fair-

ness in energy pricing and sale. 

4. Powering Underserved Communities 

Underserved communities in Africa lack access to afford-

able clean energy, usually as a result of limited grid connec-

tivity, high energy cost to household income ratio, etc. Some 

communities suffer limited energy access due to their remote 

locations, making them largely inaccessible by the national 

grid. Investments and innovation should be directed towards 

the adoption of off-grid solutions such as embedded genera-

tion and microgrids. 

4.1. Embedded Generation 

Embedded generation involves the deployment of 

small-scale energy generation systems connected directly to 

local distribution networks, instead of going through the cen-

tral electricity grid. Embedded generation could serve as a 

reasonable alternative towards improving the energy security 

of remote communities. Such remote communities usually 

lack grid connectivity owing to the fact that it may be finan-

cially unfeasible to extend grid infrastructure to them, espe-

cially when profit and cost comparison is made. Through 

embedded generation, the energy needs of these communities 

can be catered to. 

4.2. Microgrids 

Microgrids offer an excellent opportunity towards im-

proving the energy security of remote underserved commu-

nities in Africa. They are local distribution networks that can 

function independently without the central grid. A typical 

microgrid offers a distributed energy structure encompassing 

renewable energy sources, storage and control systems. One 

advantage that characterizes microgrids and other off-grid 

innovations is energy cost saving. This cost saving is at-

tributed to the fact that energy is generated closer to where it 

is utilized, eliminating the need for long-distance transmis-

sion with its attendant real power losses. 

Africa can improve its energy security through the adop-

tion of both centralized-grid and off-grid energy infrastruc-

ture. 

5. Energy Access Initiatives 

5.1. Case Studies 

The African Development Bank is spearheading the de-

ployment of renewable energy through its Desert-to-Power 

initiative, aimed at delivering clean energy to about 250 mil-

lion Africans [21]. It is currently one of the world’s most 

ambitious energy projects. It is set to target 11 countries, 

namely: Chad, Ethiopia, Mali, Mauritania, Nigeria, Niger, 

Sudan, Senegal, Eritrea, Djibouti and Burkina Faso. By har-

nessing the solar abundance of the Sahel, the project aims to 

generate about 10 Gigawatts of electrical power by the year 

2030. 

The SASGI (South African Smart Grids Initiative) is one 
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other initiative aimed at improving energy security on the 

African continent. Having created the smart grid vision for 

South Africa, the initiative is currently working towards the 

deployment and utilization of smart grid technologies in the 

country’s electricity supply system. 

Energy access initiatives are essential to the improvement 

of energy security in African countries. Through such initia-

tives, a clear vision can be forged, paving a path for the 

adoption of technologies and systems that will amplify the 

supply of energy to homes, businesses and industries for 

economic growth. 

5.2. Success Stories 

Kenya has, to a large extent, been able to overcome its en-

ergy challenges by investing heavily in its renewable energy 

sector. The country currently has one of the most developed 

renewable energy sectors in Africa [22]. This is as a result of 

the implementation of clear strategies and reforms aimed at 

improving electrification. Through the implementation of 

such reforms, Kenya has moved up the scale from an 8.83% 

electrification rate in 1997 to a 71.44% electrification rate in 

2020 [23]. 

In Nigeria, smart grids are beginning to gain traction. The 

TCN (Transmission Company of Nigeria) has developed 

strategies to digitize the country’s electricity supply grid by 

the deployment of sophisticated machine learning algorithms 

which spot patterns in energy generation loss via real-time 

data analytics [24]. This will allow for an optimal operation 

of the grid and an increased availability of energy supply 

systems. 

Renewable energy and smart grid technologies are still 

mostly underutilized in Africa [24]. However, efforts are 

being made in some countries within the continent, who have 

reaped positive outcomes. Countries like South Africa, Mo-

rocco, Kenya and Egypt are good examples. These countries 

have begun to appreciate the importance of energy security 

and its role in economic development. 

Other African countries that lag behind can employ tested 

and proven strategies, and adapt such strategies to their spe-

cific use cases. In so doing, the continent can achieve wide-

spread energy security, thereby elevating the standard of 

living of its people and improving future economic out-

comes. 

6. Intersection of Technology and 

Community Development 

6.1. Case Studies 

M-KOPA Solar is a firm addressing the energy access 

challenge in Kenya. They enable low-income households in 

East Africa to buy solar home systems, through the use of 

mobile payments and GSM sensor technology [25]. With 

their innovative solution, such households can gain access to 

clean energy at a one-off payment of USD 200, instead of 

having to pay the same amount annually on kerosene. The 

long-term outcome is a reduction in environmental pollution 

caused by the use of fossils. 

Zola Electric is a firm that is leveraging the availability of 

mobile money to sell solar-powered electricity in East Africa. 

Through their innovative business model, they have been 

able to power about 10,000 households and over 45,000 in-

dividuals [26]. 

6.2. Success Stories 

South Africa, Kenya and Morocco and Tanzania have im-

plemented smart grid technologies to improve energy supply 

efficiency and reliability, and to provide electricity to their 

rural communities. The outcome – an improved electrifica-

tion rate within their respective countries. 

7. Conclusion 

7.1. Summary 

This paper has discussed the concepts of different renewa-

ble energy resources in Africa, providing insights on the 

technological and policy-oriented approaches that can be 

taken to harness these resources in order to achieve energy 

security. It has also touched on the socio-economic implica-

tions of renewable energy and smart grids deployment. Fur-

thermore, approaches for powering underserved African 

communities were treated, citing relevant case studies and 

success stories afterwards. 

7.2. Next Steps 

African countries that are determined to begin the journey 

towards energy security should begin with a solid strategy. A 

clear energy access strategy would lay the core foundation 

for further steps and also motivate investors to invest capital 

in the continent’s energy sector. Without strategy, no pro-

gress can be made. 

Regulatory frameworks are also important to ensure that 

energy is generated, transmitted and distributed according to 

industry’s standards and best practices. These frameworks 

would regulate the actions of private actors in the industry 

who are usually driven primarily by profit, and may want to 

exploit energy consumers. A sound regulatory framework 

would ensure that all actors abide by fair energy pricing and 

sale, and enforce transparency in the industry. 

African governments should also encourage the estab-

lishment of energy start-ups so as to increase competition in 

the industry – this would lead to innovation and improved 

service delivery. 

In conclusion, energy security is crucial to the economic 

development of the African continent. A continent that is 
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serious about its growth should first and foremost seek to 

resolve its energy challenges, through adequate investments 

and proper infrastructural planning. Achieving energy secu-

rity involves both public and private sectors. The public sec-

tor contributes by aligning all objectives with the broader 

national development plan, while the private sector contrib-

utes through innovation and capital investments – both sides 

working hand-in-hand to ensure a sustainable future for Af-

rica. 

Abbreviations 

DC Direct Current 

AC Alternating Current 

GSC Grid Side Converter 

GDP Gross Domestic Product 

AMI Advanced Metering Infrastructure 

PPPs Public Private Partnerships 

SASGI South African Smart Grids Initiative 

TCN Transmission Company of Nigeria 
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