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Abstract
The Republic of South Africa is one of the leading investors in renewable energy in Africa, despite

the widespread perception that the country is trapped in the carbon age due to its high depend-

ence on fossil fuels. Renewable energy, rooted in sustainable development, requires the creation of

an appropriate framework and environmentally friendly technologies to support growth.

Renewable energy sources are considered more environmentally friendly than fossil fuels,

which most energy processes rely on. For this reason, the scope of this article has been narrowed

to focus on the motivation for renewable energy and its potential in South Africa. Furthermore,

the current developments in the South African renewable energy sector, as well as the challenges

and prospects for a sustainable transition to a bioeconomy, were discussed. This study shows that

a sustainable energy system can only promote the integration of renewable energy into the energy

mix with the help of technology, policy, and infrastructure.
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Introduction

Energy security is becoming increasingly vital and is among the most pressing challenges
facing governments worldwide. Burning fossil fuels, including gasoline and diesel,
accounts for more than 50% of global primary energy utilisation. The rising price of
fossil fuels, combined with the continued prominence of global warming as a major
environmental problem, suggests that using substitute fuels is unavoidable in the near
future. In general, it is understood that fossil fuels are non-renewable energy sources
(REs).1 South Africa is the highest carbon emitter in Africa, accounting for 40% of the
continent’s total emissions. It is also one of the most carbon-intensive developing econ-
omies in the world, generating 0.6 kg of CO2 per dollar of GDP. South Africa is one of
the most unequal countries in the world. The richest 10% of the population owns 86% of
the country’s total wealth, over 30% of the population is unemployed, including over
65% of youth, and 55% of the population lives in poverty.2 The ideal debt-to-GDP
ratio is being challenged, growth rates have fallen over the past decade, and the
economy is unstable.3 Against this backdrop, South Africa’s response to climate
change must promote programs that lead to favourable development outcomes in the
context of these issues.

Renewable energy sources (REs), including biofuel, solar, and wind energy, are now a
reality, and they are attracting growing interest from the public, investors/businesses, and
academia. This is due to a variety of reasons. Still, the most significant are those con-
nected to the volatility of fossil fuel prices, the quest for reduced emissions, and the avail-
ability of various energy generation alternatives. Different renewable energies have been
investigated for use in transportation, industrial and other sectors. As opposed to gasoline
and diesel fuels, all those sustainable energies can be produced from renewable feedstock
rather than fossil feedstock. As far as environmental protection is concerned, the major
benefit of REs is the ability to allow for a complete carbon cycle to be achieved,
which denotes that the plants reabsorb a portion of the CO2 produced during its manufac-
ture and combustion.4 The aim of this study is, therefore, to review the viability of RE
investments in South Africa. The study attempts to address the following questions:

- What are the potentials of RE in South Africa?
- What is the impact of fossil fuels on the environment?
- What are the current status and challenges of the transition to RE in South Africa?

Why renewable energy: Environmental impact of fossil fuels

Energy plays a vital row in every society for its social and economic development. This
implies that for a nation to protect its values, it needs to have well-designed policies and
enhanced metrics for energy security. As a developing country, South Africa faces pro-
blems like high unemployment rates and extreme inequity among its citizens.5 The nation
aims to transition to a low-carbon future to solve some of these imminent problems. The
country’s energy-intensive economy relies on low-cost, coal-based electricity to power
energy-hungry industries such as mining and metals processing. More than three-quarters
of the energy generated in the country comes from fossil fuels,6 which pose a threat to the
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environment due to high CO2 emissions.7 South Africa is one of the top ten countries with
the highest CO2 emissions in the world8 (Figure 1). The government’s carbon-based
economy has contributed to global warming, escalating the impacts of an overheated
climate system, which has led to devastating global climate change.9

Consequently, frequent floods and droughts have stricken certain parts of the
country for several years, leaving a large population of people vulnerable.10 South
Africa cannot ensure energy security due to the continued rise in global demand for
fossil fuels, which is compounded by the country’s lack of available oil supplies.
This has led to high inflation and provides reasons for a departure from business as
usual.11 Recent price hikes across the globe are partially due to sanctions imposed
on Russia after the invasion of Ukraine early in March 2022.12 Implementing RE
will be a viable option to ensure energy security, reduce greenhouse gas emissions,
and avoid constant fluctuation of fuel prices.13

The South African government targets to shift from carbon-based fuels by 2050
and have 50% of its energy generated from REs.14 REs are mainly derived from
natural resources readily available in the earth’s ecosystem. These natural resources
are inexhaustible and environmentally friendly. Hence, RE is the best sustainable
energy source on the planet.15 Investment in RE can significantly manage
energy-related environmental impacts and reduce the adverse socio-economic pro-
blems that arise from fossil energy production and consumption.16 A recent study
by Kumba, Akpan, Twite and Olanrewaju17 discussed the challenges with the coun-
try’s major electricity company and affirmed that supporting national policies to aid
the shift to RE is pertinent. Thereby, it would significantly aid in increasing South
Africa’s SDG 7 target, like energy accessibility, beyond the present 85% margin.
Hence, energy insecurity can be reduced as well through a reduction in the associated
risks and imported fuel costs.

Figure 1. Existing coal-fired power station at Mpumalanga province of South Africa. Pollution

from fossil fuel consumption costs South Africans hundreds of billions of rands in public health

damage and environmental loss each year (Sources: 18,19).
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Potentials of RE in South Africa

The over-reliance on coal, a limited and environmentally damaging resource, can be sig-
nificantly reduced in South Africa by utilising REs as an alternative energy source.20 In
addition, the growth of the country’s RE sector could lead to the creation of more jobs,21

which would boost the South African economy. South Africa’s population and geograph-
ical location make the country a significant location for a range of REs, including
biomass, wind, and solar energy.

Solar and wind energy

Solar energy is South Africa’s most promising REs. The country receives a lot of solar
energy due to its geographical location. Most of South Africa has more than 2500 h of sun-
shine a year, with typical daily solar radiation ranging between 4.5 and 6.5 kWh/m2.22

Throughout Africa, including the southern part, the sun shines all year round. The
annual 24-h solar radiation in South Africa averages around 220 W/m2 worldwide, com-
pared to an average of around 150 W/m2 in the USA and around 100 W/m2 in Europe
and the UK. Consequently, South Africa has some of the largest local resources in the
world. In South Africa, solar energy is the most easily accessible resource.23 There are
many potential applications, and the market for solar installations in South Africa is
growing. The capacity of photovoltaic (PV) panels manufactured annually is 5 MW, and
several South African companies manufacture solar water heaters. Numerous devices,
including clocks, calculators, stoves, water heaters, lighting, water pumps, communica-
tions, transportation, power generation and much more, are powered by solar energy.
Like all other REs, solar energy is completely safe and environmentally friendly. Unlike
coal-fired power plants, there are no emissions because the fuel source is the sun. Total
demand in 2022 was 2.2% (or 5.2 TWh), below the level before the 2019 shutdown.
Demand was similar to 2021.20

Another important potential source of RE is wind energy. It is estimated that South
Africa’s total wind power potential is 6,7000 GW, which rivals its solar potential.
Since the early 1990’s, about 30,000 wind turbines have been installed in the arid and
agricultural regions of South Africa to supply water for domestic and agricultural use,
while the commercial use of wind energy for electricity generation has not yet received
much attention.24 According to the analysis of the study by Akinbami, Oke and
Bodunrin,20 South Africa could utilise about 6 GW of wind energy under modest
assumptions, and this amount could exceed 50 GW. To increase sustainability and diver-
sify the country’s energy sources, the South African government, the Department of
Energy and the National Energy Regulator of South Africa have created policies and pro-
grams for the purchase and use of RE to supplement their fossil fuel production. Over 92
power producers can feed more than 6300 MW of electricity into the grid under the
Renewable Energy Independent Power Producers Procurement Program (REIPPPP), pri-
marily from solar and wind energy. The use of green energy has led to lower energy pro-
duction costs, job creation, foreign investment, and support from regional stakeholders.
However, there are still some obstacles to overcome in the integration of this new busi-
ness sector in South Africa.25 Coal still dominates the energy mix in South Africa,
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accounting for 80% of the system load. In 2022, RE technologies, namely wind, solar
photovoltaic (PV) and concentrated solar power (CSP), accounted for 7.3% of the total
energy mix with an installed capacity of 6.2 GW.26 It was the first year in which the
output of solar energy (PV and CSP) declined.

There are a number of commercially accessible types of energy storage available
today. However, to reduce capital costs and increase the efficiency of energy conversion,
new concepts for long and short-term storage are constantly being developed. When used
in alternative electricity generation systems (wind, solar or hydropower), RE storage bat-
teries allow energy to be stored when it is available and fed into the grid when needed.
The technology known as battery energy storage or battery energy storage systems
(BESS) allows energy from REs, such as solar and wind, to be stored and released
when it is needed most. Cell phones and electric vehicles use lithium-ion batteries,
which are presently the industrial standard for large-scale system storage technologies
that help power grids ensure a constant supply of RE.27

Energy from biomass

Biomass energy is a sustainable energy source that can be found in solid, liquid or
gaseous form and is obtained either directly or indirectly from organic material.28

According to the South African Renewable Energy Data and Information Service,20

over 100 GWh of energy was generated from biomass in 2016. No statistics have been
kept since then. South Africa has considerable but untapped biomass energy potential.
More than 42 million hectares of forest and other crops provide over 1 million tons of
wood biomass.29 The use of biomass in addition to coal can help minimise CO2 emissions
and offset greenhouse gas emissions from coal-fired power plants, as biomass fuel has
lower CO2 emissions and lower sulfur and nitrogen content than coal.30–32 Since
wood, agricultural, and domestic waste that would otherwise have been disposed of
in landfills can now be used to generate electricity, co-firing is a useful method of redu-
cing environmental impact. Biofuels are fuels produced from biomass which can be
used as transportation fuel or for energy generation; typical examples are bioethanol
and biodiesel.33 Of the fuels produced from biomass worldwide, the United States pro-
duces the most, about 46% of global production, while South Africa produces only
about 0.3%.20 The integration of biofuels into the South African energy sector not
only contributes to the diversification of fuel sources for energy production but also
offers an alternative to the country’s continued dependence on crude oil imports for
transportation.34

With an annual production capacity of over 18 million tons,35 South Africa is the
largest producer of sugarcane on the continent, with bagasse and sugarcane leaves
accounting for more than 21% of the total biomass.20 Unfortunately, the over 1 ton of
sugarcane residue that remains is often burnt in the field, and the 2.5 tons of other
bagasse produced in the country is also inefficiently burnt. If properly processed, this
underutilised biomass could generate over 400 MW of electricity or 1 ton of bioetha-
nol.20,35 Together with sugar cane, South Africa produces more than 12 million tons
of corn annually, with the Free State and Mpumalanga provinces making the largest con-
tribution to this global production.36 With an annual production of about 5 million tons,
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corncobs, or agricultural residues from corn, are among the largest agricultural wastes in
the country.37 With the added benefit of containing less nitrogen and sulfur than coal,
corncobs have an energy profile comparable to that of low-grade South African
coal.37,38 Table 1 shows the cost and lifespan comparison between different REs and
fossil fuels.

Current state and road map for renewable energy

South Africa has methodically laid the building blocks for economically and environmen-
tally sustainable development and implementation of the future of renewable energies.
On the road to a just energy transition, the government plans to meet South Africa’s
growing energy demand, as outlined in the Just Transition Strategy.

Just energy transition (JET)

In the face of climate change, South Africa’s Just Transition strategy aims to ensure a
high standard of living for all citizens. The National Just Transition Framework,
which was developed as part of a multi-stakeholder engagement led by the
Presidential Commission on Climate Change (PCC) and built on the Just Transition
clause in Chapter 5 of the National Development Plan of the 2011 White Paper,
was recently adopted by the South African government. This framework aims to
decarbonise the energy sector and bring about a just transition in the minerals and
energy value chains. Although there are different definitions of just transitions in dif-
ferent countries, the National Framework for a Just Transition provides a description
that is suitable for the South African context: “According to the best available
research, a just transition aims to provide a good quality of life for all South
Africans while promoting resilience to climate change, enhancing the ability to
adapt to the adverse impacts of climate change and achieving net zero greenhouse
gas emissions by 2050. A just transition creates an environment that is safe for
people’s health and well-being, affordable, decentralised, diversely owned RE
systems, equitable access to water resources, protection of natural resources, and
sustainable, equitable and inclusive land use for all, especially the most vulner-
able“.41 The aim of South Africa’s Just Energy Transition Investment Plan (JET-
IP) is to increase the country’s ability to withstand the social, physical, and climatic
threats of the transition.

Table 1. Cost and lifespan comparison between different REs and fossil fuel.

Energy Sources Cost ($/kWh) Life span (years) Ref.

Solar PV 0.068 25–40 20
Concentrating solar power 0.18 30
Offshore wind 0.12 20
Biomass 0.066 20–30
Coal energy 0.023 200 39,40
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Principles of JET-IP program implementation. The JET-IP proposes the following working
definition of a just energy transition for program implementation over the next three to
five years, based on the national concept of just energy transition, its principles and
priorities:

To achieve the goals of the Nationally Determined Contributions (NDCs), a just
energy transition in South Africa creates resilient economies and populations. The
methods by which this will be achieved are: (i) developing new, productive models for
inclusive economic transitions; (ii) building new, affordable, decentralised and diversely
owned RE systems; (ii) supporting diverse affected groups to play an active role in
decision-making and implementation of energy transition programs (whether by govern-
ment or non-government actors); and (iv) restoring ecosystems and natural resources that
have been degraded by coal mining and energy production.41

In its first five years, the JET-IP has prioritised three sectors: green hydrogen (GH2),
new electric vehicles (NEVs) and electricity. This is a calculated strategic move based on
a clear awareness that there are major benefits to be gained from simultaneously unlock-
ing growth in the NEV and GH2 sectors as the South African energy market decarbonises.
Furthermore, the anticipated tax adjustments at the borders of some of South Africa’s
major trading partners will have a serious impact on South African exports of internal
combustion engine (ICE) vehicles and “hard to decarbonise” sectors if action is not
taken as soon as possible to reduce emissions in these sectors.41 Figure 2 presents the
current status of JET in South Africa from 2011 to 2023, while the summary of
JET-IP investments for the next five years is shown in Figure 3.

Figure 2. The current status of JET in South Africa (adapted from Ref. 41).
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Renewable energy implementation in South Africa

Energy is critical for national development due to the growing industrialisation in the
country. South Africa has an estimated 35 billion tons of coal reserves (3% of the total
global coal reserves), with 30% export of its coal production, and ranking 7th in the
world coal consumption. This implies that the country could use these reserves for the
next 200 years at current coal consumption levels, as coal remains a big business in
South Africa.40 Hence, high dependence on coal,42 as shown in Figure 4(a), has hindered
the transition and implementation of REs. Despite this status quo, the South African gov-
ernment’s commitments under the Paris Agreement, COP26, and recent energy planning
have increased the country’s RE efforts. This effort has contributed to the country’s diver-
sification to alternative energy sources (nuclear, biofuel, hydropower, solar and wind
energy). Incorporating REs in South Africa’s energy sector will not only help to diversify
the energy sources used to generate electricity but will also ensure energy security by pro-
viding an alternative to the country’s continued dependence on crude oil imports. With a
growing population and developing infrastructure, the country needs to take prudent steps
to meet its energy needs for 2020–2050.27 However, implementation of these REs is still
low (Figure 4(b)). The country’s policy and regulatory developments are currently
helping to refine the existing framework, which focused on RE development, with the
progress made on Small-Scale Embedded Generation (SSEG), hydropower policy, the
carbon tax, and the enhanced integration of energy efficiency (EE).43

Figure 3. JET-IP portfolio summary of investment needs, 2023–2027 ($Billion) (adapted from

Ref. 41).
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Challenges for effective transition to renewable energy in South
Africa

Almost half of South Africa’s greenhouse gas emissions come from the electrical indus-
try. The country’s 39 gigawatts (GW) of coal-fired power plants will be decommissioned
over the next three decades, with 22 GW scheduled to close by 2035.45 As new gener-
ation capacity is not being added at the same rate as coal plants are being decommis-
sioned, this has a significant impact on the security of the country’s energy supply. In
addition, as coal-fired power plants approach the end of their lifespan, they are being
used more intensively, increasing the frequency of unplanned outages as there is currently
not enough new capacity. These unforeseen interruptions and the lack of spare capacity
are currently having a negative impact on the economy. About 90,000 coal workers in the
mines and power stations of the impoverished Mpumalanga province, where the sector is
concentrated, will be directly affected by the closure of the coal fleet. This will have a
catastrophic impact on the many livelihoods sustained by workers in the sector, both
in Mpumalanga and nationwide.46 The impact is even more pronounced at the coal
end of the value chain, where coal pollution is found in the manufacturing, transportation,
and agricultural sectors, putting the lives of countless more families and communities at
risk. For the energy transition to succeed, these societal dangers must be addressed.

High initial capital costs are the most well-known barrier to RE adoption.47 These
costs cater for the initial building and installation of facilities such as solar systems
and wind farms. The installation cost for a large-scale solar plant is around $2000 per
kilowatt (kW).48 In contrast, a new fossil fuel-fired power plant costs around $1000
per kW. Therefore, for this reason, investors are more prone to see renewables as high-
risk, whereas they find fossil fuel-based power plants more economical due to their low
installation costs. Another challenge for effective RE development is the lack of infra-
structure. The current electrical infrastructure was built mainly for conventional power

Figure 4. (a) Comparative evaluation of energy supplies in South Africa. (b) Evaluation of the

Implementation and Effectiveness of some Renewable Energies in South Africa (adapted from
Uhunamure and Shale44).

Smarte Anekwe et al. 9



plants, and this gives problems for renewable systems not located near the existing infra-
structure. Therefore, to effectively develop renewable systems, a new transmission infra-
structure is needed. Non-renewable energy systems are well established, and they hold a
big share in the current energy market.49 Indeed, this is another challenge for RE devel-
opment. Several countries are still having policies and regulations developed around
monopoly providers. These policies support the dominant energy production systems
and make it difficult for RE to penetrate the market share. Thus, an amendment to existing
policies and regulations is needed to develop RE systems effectively.

Key to note also is that affordability plays a critical role in the country’s energy
options. With vast amounts of coal reserves, making up 7% of the world’s total,50 the
government has a constrained appetite to adopt more expensive options like solar,
wind, hydro and biofuel. As also highlighted, legacy energy production infrastructure
militates against the incentive to adopt RE options as the government seems to lag in
investing in new tech-driven facilities required for RE production.51 For instance, this
is true in wind energy, which is hampered by farm location. Akinbami, Oke and
Bodunrin20 indicated that most wind farms in South Africa are often in remote areas,
making a connection to the grid challenging. This implies that in the absence of
modern grid infrastructure, most of the power generated will be lost.52 Akinbami, Oke
and Bodunrin20 also contended that, among other reasons, land and water scarcity
have a significant impact on RE adoption in the country. The study charged that the
push to promote biofuel usage has created an unintended dilemma of competition
between food security and biofuel production. This was also supported by Rulli,
Bellomi, Cazzoli, De Carolis and D’Odorico,53 asserting that in 2013, crops that could
have been utilised to feed at least 280 million were used for biofuel production. Some
recent studies, though contested, have since attributed the cost of food in South Africa
to the growth in biofuel production.54 This shows the delicacy of this subject, especially
in developing countries where poverty remains the biggest challenge. Finally, these chal-
lenges are worsened by the country’s somnolent RE policy framework. Akinbami, Oke
and Bodunrin20 reported that the country’s approach to including RE in the energy mix is
fragmented and lacks the necessary support to promote the growth of RE use in the
country.

Prospects for a successful transition to renewable energy

Effective RE development can ensure energy access to facilities and households discon-
nected from the main national electrical grid. The robust flexibility of RE can serve as the
backbone of a decentralised national electrical grid.25 With the emergence of a fourth
industrial revolution that has come with edge advancements on the Internet of Things
(IoT), Artificial Intelligence (AI) and Web 3.0 are starting to gain momentum. A decen-
tralised national electrical grid that runs on blockchain technology can serve as the best
antidote for most third-world countries to solve rampant corruption in government offices
and facilitate faster adoption of a low carbon footprint society by the mass population.55

Adopting these new technologies can increase public participation in RE distribution in a
way that can solve many social and economic problems like inequality, unemployment
and poverty.56 This could ensure that everyone can access “green” sustainable energy
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at an affordable price. The transport sector in the country is still dominated by vehicles
that run on fossil fuels at the expense of the environment. Prompt adoption of electric
vehicles can reduce the excessive dumping of CO2 into the atmosphere, one of the green-
house gases accelerating global climate change.57 Both battery electric vehicles (BEV)
and hydrogen fuel cell vehicles (HFCV) are viable in South Africa as the country
already mines and produces the most important minerals used in battery-powered vehi-
cles like nickel, lithium, cobalt, and platinum, that is also used in HFCV. The abundance
of RE in the country could be an economic opportunity for research and development that
can foster new industries that will further diversify the economy. The cost of energy pro-
duction using photovoltaic (PV) has come down to an all-time low. This has allowed
photovoltaic solar cells to be widely adopted.58 The theoretical potential for photovoltaic-
generated energy in South Africa is enormous because the country receives about 220 W/
m2 of solar radiation per day and sunshine all year round.20 Implementing solar photovol-
taics with a decentralised electrical grid that runs on blockchain technology can enable
quick adoption of RE and solve most of the current environmental and economic pro-
blems facing the country.

Some RE technologies such as hydropower, geothermal energy, biomass energy, solar
energy, wind energy and biofuels are currently being used, while marine energy, concen-
trated solar photovoltaics (CSP), enhanced geothermal energy (EGE), cellulosic ethanol,
artificial photosynthesis (AP) and many others are examples of these emerging sustain-
able technologies.59 Each of the newly developed RE technologies is very promising
and has shown that it is possible to meet humanity’s energy needs on Earth sustainably.
Within each of the primary developing technologies, there are still sub-technologies.
Some of the many technologies that comprise the developing renewables are already
close to grid parity and are beginning to penetrate the market. Although some of these
technologies are still a long way from becoming mainstream, they could be of great
benefit to sustainable energy supply in the future. Furthermore, all of these technologies
are developing faster than ever before.59 Figure 5 shows the strengths, opportunities,
weaknesses, and threats (SWOT) matrix of RE investment in South Africa.

Conclusion and recommendation

This study focused on RE investments by reviewing the potential of the predominant REs
in South Africa, including wind, solar and biomass. The development and use of REs can
make a significant contribution to improving access to electricity and energy in South
Africa. What is needed is the development of appropriate policies and initiatives to
encourage investment from all sources to harness these natural resources fully.
Consequently, effective collaboration between the South African government and key
energy stakeholders is required to address and resolve these challenges in the develop-
ment and implementation of RE.

Although South Africa has enormous potential for biomass, wind and solar energy, its
main fuel source is coal, which is cheap but not economically friendly. The country’s
over-reliance on coal is putting a strain on its current coal-fired power plants, so the devel-
opment of REs is crucial. Based on the findings of the study, the JET Implementation
Plan will be a collection of best practices aimed at achieving a long-term transition to

Smarte Anekwe et al. 11



renewable energy sources, including initiatives by government, civil society, labour
unions and the corporate sector. It will also utilise relevant timelines and strengthen exist-
ing processes and institutions in South Africa by adopting regional and global best prac-
tices in a variety of areas.

There are several obstacles to the growth of RE in the nation, even if direct normal
irradiance (DNI), wind speed, and the amount of biomass produced annually are suffi-
cient to harness solar, wind, and biomass energy in the nation. These difficulties are finan-
cial, political, technological, and environmental. Some recommendations are made to
mitigate these difficulties and thus improve the inclusion of REs in South Africa’s
energy mix. These recommendations are:

- To efficiently collect and recycle more household waste and agricultural residues, an
effective waste management program should be offered, especially in rural or previ-
ously unserved areas. These wastes have the potential to be productive sources of
biomass energy, especially when combined with coal in current coal-fired power
plants.
- An environment conducive to investment should be provided. This can take the form
of loans, subsidies or even legislation to encourage the expansion of the RE sector.
Policies should be implemented only after they are envisioned. As these policies are
not being implemented, certain current policies have failed to solve the problems
they were intended for.
- With South Africa’s domestic sector consuming more than 23% of the energy gen-
erated annually,60 the use of such technology would significantly contribute to redu-
cing the country’s over-reliance on coal, ultimately leading to a reduction in CO2

Figure 5. SWOT matrix of RE investment in South Africa.
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emissions. The benefits of RE for society, especially in rural areas, should also be
publicised.
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