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Abstract
A potential solution to Zimbabwe’s energy issues could be harnessed from the country’s growing interest in renewable

energy systems (RES) for use in industry. Energy security, reduced reliance on fossil fuels, and promotion of sustainable

industrial growth could be achieved by tapping into the nation’s abundant renewable resources, which include hydroelec-

tric power, solar power, and wind power, among others. Potential benefits to the environment, grid reliability, and energy

costs could accrue from the incorporation of RES. However, challenges like upfront costs, power grid integration issues,

and the need for supportive legislation should be addressed. The use of RES could provide Zimbabwe with a future

energy that is safer, more sustainable, and more cost-effective. Owing to the dearth of studies considering RES integration

across the different sectors in Zimbabwe, hence, this presents the status and energy policy evolutions, a concise strength,

weaknesses, opportunities and threats (SWOT) framework with outstanding challenges, and proposed solutions for sus-

tainable energy development in Zimbabwe.
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Introduction
Like many countries across the globe, Zimbabwe faces sig-
nificant challenges in meeting its energy demands while sim-
ultaneously striving for sustainability and economic growth
(Chipango, 2021). The generation of electricity from conven-
tional energy sources, for example, the use of coal at Hwange
Power Station, one of the largest power stations in the
country, remains the primary source of energy in the
country; however, the country also relies on hydropower pro-
duction fromKariba Power Station, which is one of the oldest
power providers in the country and is no longer efficient. As
conventional energy sources are becoming increasingly
scarce and environmentally damaging, there is a growing
need to adopt renewable energy systems (RES) to address
these issues. Consequently, energy issues in Zimbabwe
affect the economy, production, and other sectors, as
energy contributes highly to the economic advancement of
most southern African countries (Hlongwane and Daw,
2023; Kumba et al., 2023; Nyasha, 2024).

The nation’s energy sector is characterised by a mix of
conventional and renewable sources, with conventional
sources dominating the energy supply (Chiwaridzo, 2023);
however, the reliance on conventional power sources,
such as coal are highest, posing significant challenges to

meeting the country’s energy demands, given the increasing
retirement of coal mines due to the age, and the need for
abating the environmental and public health consequences.

Zimbabwe’s primary issue in its energy sector’s inad-
equate and aging infrastructure continues to be a challenge.
There are about four coal-powered thermal stations in the
country, namely Munyati Power Station, Harare Power
Station, Bulawayo Power Station, and Hwange Power
Station, which have operated since the country gained inde-
pendence approximately 50 years ago (Government of
Zimbabwe, 2019). However, the electricity production cap-
acity at power stations like Bulawayo, Munyati, and Harare
is facing a notable deficit due to outdated infrastructure,
leading to frequent breakdowns and regular maintenance of
the stations, hence reducing optimal and continuous operations.

The ageing infrastructure of power stations in Bulawayo,
Munyati, and Harare had become a pressing issue for the
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country, contributing to a substantial shortfall in electricity
production (Kaseke, 2012) and impeding economic growth.
In working towards attaining high economic growth rates,
Zimbabwe aims to reach upper-middle-income status by
2030 (Government of Zimbabwe, 2019). However, this
objective cannot be achieved without stable, modern, or
dependable energy.

Zimbabwe Electricity Supply Authority (ZESA), the
state-owned and main national power utility company,
has failed to meet electricity demand owing to ageing coal-
fired power plants experiencing frequent breakdowns and
less efficiency. This chronic energy deficit has stimulated
the government to focus on renewable energy sources.
ZESA has been actively promoting renewable energy pro-
jects and integrating renewable energy sources into the
national grid to diversify the energy mix and enhance
energy security in the country. Various studies have high-
lighted the potential of renewable energy sources such as
solar and wind to address energy security in Zimbabwe
(Kaseke, 2012; Makonese, 2016).

The country continues to grapple with significant power
shortages, as evidenced by the disparity between the avail-
able generation capacity of 1585 MW and peak demand of
over 2500 MW, leading to power outages (Mushosho and
Qutieshat, 2024). Consequently, the electricity shortage
has a notable adverse effect on Zimbabwe’s industrial
sectors, leading to increased expenses for the nation’s
economy (Kaseke, 2012).

According to the World Bank (World-Bank, 2024),
power shortages are estimated to result in significant eco-
nomic losses for the country, 6.1% of GDP annually. The
economic strain imposed by electricity shortages, especially
in the industrial sector, has been evident through a reduc-
tion in current operations. These effects cause decreased
economic growth and household incomes.

With Zimbabwe’s energy demand reaching about 2500
MW while the production capacity is still limited to less
than 1500 MW, there is a need for more energy initiatives
beyond the current enacted policies in the country to curb
the problem of energy demand.

The current situation necessitates a paradigm shift
towards a more sustainable and secure energy future
(Twidell, 2021). RES offer a compelling solution, harnes-
sing Zimbabwe’s abundant natural resources like solar radi-
ation, hydropower potential, and wind currents. Integrating
these technologies, which offer a sustainable and environ-
mentally friendly alternative to conventional energy
sources, into industrial operations can provide numerous
benefits and opportunities to address these challenges and
promote sustainable industrial growth.

A considerable body of literature on integrating RES in
Zimbabwe exists, and this has emerged as a pivotal solution
to mitigate the challenges associated with conventional
energy sources (Maronga et al., 2021). According to
Garfias Royo et al. (Garfias Royo et al., 2022), linking

with sustainable development, they state that renewable
energy technologies offer a sustainable and environment-
friendly alternative to fossil fuels, promising greater energy
security, reduced greenhouse gas emissions, and enhanced
energy resilience. Moreover, integrating RES into the
Zimbabwean industry holds the potential to bolster energy
management practices and improve overall energy effi-
ciency. Additionally, it is also important to analyse factors
that influence the adoption of these technologies.

Integrating renewable energy systems in the Zimbabwean
industry offers a promising pathway towards achieving
energy security, reducing carbon emissions, and promoting
sustainable industrial development. By overcoming the exist-
ing barriers and leveraging the country’s renewable energy
potential, Zimbabwe can pave the way for a more resilient
and sustainable future.

In this work, the exploration of the potential of sustain-
able energy systems to solve Zimbabwe’s energy challenges
is discussed across other sectors. By harnessing Zimbabwe’s
abundant renewable resources, such as hydroelectric, solar,
and wind power, an opportunity exists to enhance energy
security, reduce reliance on fossil fuels, and promote sus-
tainable industrial growth. This paper delves into the poten-
tial of RES integration in the Zimbabwean industry. By
exploring the available renewable resources, assessing the
technical and economic feasibility of different RES tech-
nologies, and examining successful case studies, this study
provides a comprehensive framework for the different
sectors to consider when transitioning towards a more sus-
tainable and secure energy future.

The study is structured into six sections, which are
as follows, introduction; sustainable energy markets in
Zimbabwe; energy policies and supporting programs for
renewable energy in Zimbabwe; renewable energy technolo-
gies projects and investment opportunities in Zimbabwe;
challenges and solutions for renewable energy integration
in Zimbabwe’s industrial sectors with a SWOT evaluation;
and conclusion.

Sustainable energy market in Zimbabwe
The sustainable energy market in Zimbabwe has witnessed
notable developments in recent years, driven by various
factors, including government initiatives, private sector
investments, and increasing awareness of the benefits
of renewable energy (Moyo, 2014). Zimbabwe’s total
energy supply encompasses all energy generated or
imported, excluding any energy that is exported or stored.
Biofuels and waste constitute the predominant energy
sources, accounting for 71% of the total energy supply, as
in Figure 1(a) and (b), for total energy supply and domestic
energy production, respectively. Domestic energy produc-
tion includes fossil fuels, nuclear fission, and renewable
energy sources like hydro, wind, and solar photovoltaic
systems. In meeting demand and finding a balance between
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the total energy supply and domestic production, Figure 1(c)
highlights the export-import energy dynamics of Zimbabwe,
with imports consistently outperforming exports.

The evolution of the electricity generation in Figure 1(d),
as previously mentioned in section 1, shows hydropower

taking the highest share while the total final consumption
is shown in Figure 1(e), which encompasses the energy con-
sumed by end users for a range of functions, including
residential heating and cooling, lighting, running gadgets
and appliances, as well as powering cars, equipment, and

Figure 1. Evolution of the energy mix and CO2 emissions in Zimbabwe.

Source. Adapted and Compiled from the IEA (IEA, 2021).
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industries. The residential sector constituted 75% of the total
energy demand in 2021. The allocation of energy demand
among various sectors within a nation can greatly impact
its energy needs and the specific energy sources it relies on
to meet those needs.

As in Figure 1(f), the primary origin of CO2 emissions is
largely due to the very high energy intensity of coal
employed for electricity production and heating. Coal,
being the main source of CO2 emissions in Zimbabwe,
accounts for 57% of all emissions produced by burning
fuels. Zimbabwe mostly relies on hydroelectric, coal, and
solar power for electricity generation. In 2021, hydropower
constituted 70% of the overall electricity production but
with one of the least energy intensities.

As can be seen from Figure 1, Zimbabwe is actively
giving higher importance to renewable energy sources to
reduce CO2 emissions and lessen dependence on imported
fossil fuels. Renewable energy sources are employed to
generate electricity, supply heat to residential and commercial
buildings, and decrease carbon emissions in specific parts of
the transportation sector. Biomass-derived biofuels and
residual materials offer ecological and climatic advantages
compared to the burning of fossil fuels.

The utilisation of traditional biomass for heating and
cooking remains prevalent in Zimbabwe’s energy mix
and is being given high priority for achieving clean
cooking, sustainable energy development and climate
goals, including the IEA’s Net Zero scenario.

The oil supply in Zimbabwe plays a pivotal part in its
energy consumption and exerts a significant influence on
the climate, given that oil is accountable for the second-
greatest volume of CO2 emissions globally. Efforts are
currently underway to eradicate carbon emissions from
various industries, including transportation. Nevertheless,
accomplishing this goal is especially challenging in
Zimbabwean industries such as aviation, where alternative
energy sources are incapable of matching the substantial
energy capacity offered by imported petroleum fuels.
Zimbabwe’s coal supply significantly contributes to its
energy provision, accounting for 12.9% of the total energy
supply in 2021. Coal is a widely exchanged fossil fuel, and
its burning is accountable for many global CO2 emissions.

Figure 2 shows Zimbabwe’s position in both African
and global ranking across different indicators. On
average, Zimbabwe’s ranking is fairly good in terms of
emissions from the different energy technologies, which
may have been a result of a corresponding performance
in total energy consumption and electricity production.

In terms of coal production, Zimbabwe shows a high
ranking of 3 in Africa and 30 globally, with a corresponding
high ranking in coal exportation, implying less utilisation of
conventional fuels within the country. At the same time, the
modern renewables used in each electricity generation
show a good ranking performance of the fourth position
in Africa, and thirty-second globally.

The renewable energy market in Zimbabwe is a topic
of growing interest, with a focus on the development and
utilisation of renewable energy technologies to curb the
country’s energy crisis. The government of Zimbabwe
has put down various initiatives to promote renewable
energy technologies, such as the Rural Sustainable Energy
Development Projects, which aim to improve health, educa-
tion, production, business, livelihoods, and the overall
quality of life. A recent article by Mushosho et al.
(Mushosho and Qutieshat, 2024) provides a comprehensive
review of the country’s energy policies regarding adopting
renewable energy. The findings of the research stress that
there is a need for a conducive environment that enables the
growth of renewable energy.Moreover, limited funding, tech-
nical support, poor administration, and a lack of knowledge
also hinder the penetration of renewable energy inZimbabwe.

According to Mbohwa and Siso (2009), renewable
energy is crucial in Zimbabwe’s electricity industry, offer-
ing cost-competitive alternatives to conventional sources
with untapped potential for industrial applications despite
existing barriers. The current energy situation in the
Zimbabwean economy is unfavourable, especially in the
mining industry, since all mining companies require stable
and reliable power for their operations. However, several
mining organisations in Southern Africa have agreed that
there is a need to improve efficiency and reduce reliance on
coal electricity; hence, there is a need to incorporate renew-
able energy from coal (Maronga et al., 2021).

The renewable energy market in the Zimbabwean indus-
try is experiencing a gradual but noticeable transformation
driven by a combination of factors, including technological
advancements, changing market dynamics, and increasing
environmental awareness (Nyasha, 2024). Industries
across various sectors, including manufacturing, agricul-
ture, mining, and commercial enterprises, increasingly rec-
ognise the potential benefits of integrating renewable
energy systems into their operations. Department of
Energy stated that policy options and instruments are
being explored to promote the cost-competitive nature of
renewable energy technologies in various applications
within the country. Despite these challenges, there is poten-
tial for a country to increase its utilisation of renewable
energy resources, mainly through implementing hybrid
PV and wind systems (Kaygusuz, 2012).

Developing renewable energy technologies, such as
solar, wind, and battery storage, is crucial for addressing
energy shortages in the country, reducing greenhouse gas
emissions, and promoting sustainable development in
Zimbabwe by accessing modern energy. The growing
adoption of solar photovoltaic (PV) systems is a notable
trend in the renewable energy market in the Zimbabwean
industry. Industries leverage solar energy to power their
operations, reduce reliance on the national grid, and mitigate
the impacts of frequent power outages. Manufacturing com-
panies install rooftop solar panels to generate electricity for

4 Renewable Energies 2(2)



their production processes, while mining operations use solar
PV systems to power their remote facilities and reduce diesel
consumption owing to load shedding.

However, a study by Nkomo J. and Goldstein
H. (Nkomo and Goldstein, 2006) counterargues that redu-
cing imported liquid fuel and promoting coal resources in

Figure 2. Performance of Zimbabwe across different indicators at the regional and global levels. Data from IEA (IEA, 2021).
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Zimbabwean mining and manufacturing can enhance
energy efficiency and resource allocation while reducing
environmental damage. Therefore, with supportive policies,
incentives for renewable energy investments, and increased
collaboration between government, private sector, and
development partners, the renewable energy market in
Zimbabwean industries is poised for further growth and
expansion. By embracing renewable energy solutions, indus-
tries can enhance their energy resilience, reduce operational
costs, and contribute to sustainable development goals.

The Zimbabwe Energy Regulatory Authority (ZERA)
recognises the significance of renewable energy resources
in ensuring sustainable growth and has prioritised promot-
ing their use. To this end, ZERA is committed to increasing
investment and adoption of renewable energy technologies,
including solar photovoltaic, biomass, geothermal, small
and large hydropower plants, and wind energy. ZERA
believes renewable energy would be vital in achieving uni-
versal access to modern energy by 2030, as outlined in the
country’s energy policy.

The different energy technologies utilised across the
major companies (based on Zimbabwean stock market
capital) are presented in Table 1.

Most of the companies, as in Table 1, utilise energy from
the national grid in running their operations; hence, energy
independence by these companies is highly desirable, and
it, should come from renewable energy.

The distribution of renewable energy capacity in Zimbabwe
for the year 2022, as reported by the International Renewable
Energy Agency (IRENA) (IRENA, 2023), highlights a sig-
nificant reliance on hydroelectric power, which accounts
for 89% of the country’s renewable energy capacity, as
shown in the chart in Figure 3.

The dominance of hydroelectric power is primarily
attributed to Zimbabwe’s abundant water resources, which
have been harnessed through the construction of large-scale
hydroelectric dams such as the Kariba Dam and smaller
hydropower projects across the country. Kariba Dam con-
tinues to provide water from the Zambezi River to power
the Kariba Hydro Power Station, one of the oldest power sta-
tions in Zimbabwe, built-in 1959. Hydroelectric power is
crucial in meeting Zimbabwe’s electricity demand by provid-
ing a reliable and relatively inexpensive energy source.

Bioenergy, including biogas and biofuels, accounts for
3% of Zimbabwe’s renewable energy capacity as of 2022.
Biomass energy sources such as crop residues, wood waste,
and animal manure are widely used for cooking, heating,
and small-scale electricity generation in rural parts of the
nation. Biogas digesters are also utilised for household
energy needs and agricultural, school, and industrial applica-
tions. While bioenergy contributes significantly to meeting
energy needs in rural areas, its utilisation in industrial and
commercial sectors remains relatively limited.

Despite the country’s abundant solar resources, solar
energy, which recently has seen an increasing adoption,
as shown in Figure 4, represents only 8% of Zimbabwe’s
renewable energy capacity. Solar power has enormous
potential to diversify Zimbabwe’s energy mix and
provide decentralised electricity solutions, particularly in
remote and off-grid areas. However, barriers such as high
upfront costs, limited access to financing, and inadequate
infrastructure have hindered the widespread adoption of
solar energy technologies in Zimbabwe.

The renewable energy market in Zimbabwe holds
immense potential for driving sustainable development,

Figure 3. Share of renewable energy mix in Zimbabwe (2022).

Data Source, IRENA (IRENA, 2023).

Table 1. Major Zimbabwean industrial businesses and their

utilisation of RE technology.

Major Companies

Category of

business

Source of Energy

Technology Utilization

Tanganda Tea

Company

Agriculture Solar/Electricity from

the grid

Southdown

Holdings

Agriculture Solar/Electricity from

the grid

Mimosa Mining Electricity from the grid

UNKI Mining Electricity from the grid

ZPC-Kariba Energy Hydropower

ZPC-Hwange Energy Coal

Zimbabwe National

Railways

Transport Coal

Delta beverages Food Electricity from the grid

Eastern Highlands Agriculture Solar and Electricity

Buzi Tea Company Agriculture Electricity from the grid

ZIMASCO Mining Electricity from the grid

Dendairy Food Electricity from the grid

China Tobacco Agriculture Electricity from the grid

British American

Tobacco

Agriculture Electricity from the grid

Lafarge Industrial Electricity from the grid

Dairiboard Food Electricity from the grid

PPC Industrial Electricity from the grid

Sino-Hydro Energy Coal

Source. Authors’ elaboration.
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enhancing energy security, and mitigating the impact of
climate change. Despite facing challenges and underutilisa-
tion of capacity (highlighted in Figure 5), the country has
made significant strides in harnessing its renewable
energy resources, mainly hydroelectric power. However,
there is still a need for concerted efforts from the govern-
ment, the private sector, and development partners to
promote the uptake of other renewable energy sources,
such as solar and bioenergy. In the next section, current
and planned energy policies are discussed.

Energy policies and supporting programs
for renewable energy in Zimbabwe
Adopting renewable energy technologies in Zimbabwe
represents a critical step towards addressing the country’s
energy challenges while fostering sustainable development.
Mbohwa (Mbohwa and Siso, 2009) highlighted the coun-
try’s abundant renewable energy sources and the potential
of RETs to alleviate energy shortages. Several research
studies have explored the potential and challenges of
Zimbabwe’s renewable energy technologies (RETs)
(Maramura et al., May 2020; Twidell, 2021). With an
increasing demand for energy and concerns over the

reliability of conventional energy sources, Zimbabwe has
embraced various renewable energy solutions to diversify
its energy mix and enhance energy security.

Energy plays a significant role in Zimbabwe’s economic
and social development (Hosier, 1988). Zimbabwe’s
energy policy shows a strong commitment to renewable
energy. Achieving the ambitious targets would require a
concerted effort from the government, private sector, and
international actors. Overcoming implementation chal-
lenges and attracting investment are crucial for a sustain-
able energy future in Zimbabwe. To address this, the
government has implemented various policies, with a
recent focus on renewable energy sources. Table 2 sum-
marises key aspects of Zimbabwe’s energy policy land-
scape, from legislation to programs in support of
high-share renewable energies.

The National Renewable Energy Program (NREP),
established from the framework in the National Energy
Policy (NEP) of 2012, aims to meet the country’s energy
demand using sustainable and renewable resources,
hence providing a comprehensive framework for optimal
energy supply and use to ensure access to modern energy
services for socio-economic development (Government of
Zimbabwe, 2019).

Figure 4. Evolution of electricity generation by sources from hydropower (non-combustible), biofuels and waste in Zimbabwe. Data

Source: IEA (IEA, 2021).
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The renewable energy targets set by Zimbabwe in the
NREP for 2030 outline the country’s aspirations to diversify
its energy mix, enhance energy security, and reduce green-
house gas emissions, as presented below. Overall, these
renewable energy targets underscore Zimbabwe’s vision
for a sustainable energy future driven by a mix of hydroelec-
tric, solar, wind, biomass, and other renewable energy tech-
nologies. Achieving these targets would require concerted
efforts from policymakers, investors, and stakeholders to
overcome challenges and capitalise on the country’s renew-
able energy potential. Grid-connected Renewable energy
targets are shown in the Figure 6 (Mutume, 2023).

In the next section, current and potential renewable
energy, storage, and transportation electrification projects
are presented and discussed.

Renewable energy technologies projects
and investment opportunities in
Zimbabwe
The case studies of renewable energy projects and technolo-
gies in Zimbabwe showcasing both examples and proposals
of how these technologies have been implemented, as well as
the promising value across different sectors to positively
impact energy access, environmental sustainability, and eco-
nomic development, are discussed subsequently.

Hydro power projects
Kariba power station. The Kariba dam is one of the largest
artificial dams in the world and is in the southern

hemisphere between Zimbabwe and Zambia. It was con-
structed along the Zambezi River for hydroelectric power
generation for Zambia and Zimbabwe. Kariba Power
Station is a prominent symbol of Zimbabwe’s energy land-
scape, representing the country’s reliance on hydroelectric
power. For decades, electricity in Zimbabwe has been pro-
duced from hydropower, with Kariba Power Station known
as the country’s most significant contributor to power,
producing close to 600 MW under normal operations.
The Power Station has long been a cornerstone of
Zimbabwe’s electricity generation, providing a significant
portion of the country’s power supply as it is owned and
operated by the state-owned Zimbabwe Power Company
(ZPC). The Kariba plant facility initially comprises an
underground powerhouse with six vertical shaft turbine
units. At the time of commissioning in 1959 and 1962,
each unit had a rated capacity of 111 MW, which was
later upgraded to 125 MW. The Kariba power station’s
electricity is fed into Zimbabwe’s national grid via a 330
kV switching station by ZESA.

Research by Shafiullah et al. (2021) stresses that it is
evident that Zimbabwe’s major dams have a significant
hydropower potential. However, hydropower production
in Zimbabwe faces challenges due to environmental con-
cerns, erratic rainfall patterns impacting water levels, the
need for sustainable operation, and the ageing infrastructure
of hydropower stations, coupled with changing environ-
mental conditions such as drought and hydrological
patterns, which has posed significant challenges to its
operations and reliability. A study by Shumba et al.
(2018) noted that hydropower production in Zimbabwe is

Figure 5. Underutilisation of sustainable energy capacity (2021) and factor in Zimbabwe. Data Source: Capacity Utilisation, IRENA

(IRENA, 2023), and Capacity Factor, Zimbabwe’s NREP (Mutume, 2023).
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affected by water level fluctuations due to factors such as
rainfall patterns and land use changes, which affect the
electricity generation capacity at Kariba Dam. Therefore,

upgrading infrastructure, enhancing climate resilience, and
diversifying energy sources are crucial to ensure station reli-
ability and sustainability. Additionally, implementing water

Table 2. Energy policies, legislation, and programs with support for renewables in Zimbabwe.

Year Summary

Support for

RE

2002 Electricity Act
To establish the Zimbabwe Electricity Regulatory Commission and provide its functions and management,

and detail the licensing and regulation for the generation, transmission, distribution and supply of electricity

by the utility and IPP

-

2003 Environment Management Act
To establish the National Environmental Council and Environmental Management Agency

-

2010 Tax Incentives for Renewable Energy
Tax and customs breaks are available, which can be used to encourage investment in green energy projects.

Import taxes are not charged on solar and electrical tools, but there is a 15% VAT charge.

Yes

2011 Energy Regulation Act
To establish the Energy Regulatory Authority and provide its functions and

management, and amend the provisions of the Electricity Act (2002) and Petroleum Act (2006).

-

2011 Biofuels Blending Mandate
Focusing on transportation-related liquid biofuels (e.g., sugar cane ethanol, Jatropha biodiesel, and maybe

other feedstocks), the Policy extends until 2030.

Yes

2013 Petroleum (Fuel Quality) Regulations
Legislation establishing criteria for the quality and safety of petroleum products sold in Zimbabwe

-

2013 Sustainable Energy for All (SE4ALL) Programme
The same aim in line with SDG 7 targets

Yes

2012 National Energy Policy
Seeks to promote the optimal supply and utilisation of energy, for socio-economic development in a safe,

sustainable, and environmentally friendly manner. It brings out the Government’s objective to ensure that the

energy sector’s potential to drive economic growth and reduce poverty is fully harnessed.

Yes

Renewables Readiness Assessment (RRA)
At the national level, a holistic technique assesses the circumstances for renewable energy development and

deployment, pinpointing the steps that are required to overcome obstacles.

Yes

Rural Electrification
Using solar mini-grids

Yes

2015 Intended Nationally Determined Contributions (NDCs)
To contribute to the global climate target and ensure that energy production is not

threatened by climate change to enable economic development in a sustainable manner

Yes

National Climate Change Response Strategy of Zimbabwe
Sought to establish specific provisions for dealing with climate change issues,

understanding the extent of the threat and putting in place specific actions to manage

potential impacts

-

2016 Climate Policy of Zimbabwe
Seeks to create a pathway towards a climate resilient and low carbon development economy in which the

people have enough adaptive capacity and continue to develop in harmony with the environment. The policy

is expected to mainstream climate issues in all sectors of the economy, including energy, agriculture, industrial

processes, waste, land use, land cover and forestry.

Yes

2018 Vision 2030
To transform Zimbabwe into an upper middle-income economy, raise employment levels upwards, and

progressively reduce the poverty rate to levels consistent with the upper-middle-income economies, among

other factors.

-

2019 National Renewable Energy Policy (NREP)
National Bioenergy Platform-This policy promotes biofuel production and use, aiming to reduce reliance on

imported fuels and greenhouse gas emissions.

Yes

2023 Zimbabwe Economic Update (ZEU)
A target for high economic growth rates by 2030, requiring stable and reliable electricity access to achieve

upper middle-income status.

Yes

Akpan et al. 9



management strategies, fostering stakeholder collaboration,
and investing in research and innovation would play
pivotal roles in optimising operations and mitigating envir-
onmental impact.

Kupinga hydropower station. The Kupinga Hydropower
Station is a testament to Zimbabwe’s renewable energy
ambitions, nestled amidst the scenic landscapes of the coun-
try’s rural regions. Located along the Kupinga River, this
hydroelectric facility harnesses the natural flow of water
to generate clean, sustainable electricity for local communi-
ties and industries. The power station provides a third of the
power to Chipinge, a small town in southern Zimbabwe. It
comes at a time when the government is intensifying efforts
to boost electricity generation, provide access to reliable
power throughout the country, and unlock opportunities
for rural communities through job creation and the
empowerment of local people. Kupinga Renewable
Energy has a capacity of 1.6 MW and was commissioned
in September 2017. Despite its small scale, the station’s sig-
nificance lies in demonstrating the potential for decentra-
lised hydroelectric power to support Zimbabwe’s energy
transition towards a more resilient and sustainable future.

Hauna hydroelectric power station. The Hauna hydroelectric
power station, located at the heart of Zimbabwe’s Eastern
Highlands, symbolises the nation’s commitment to harnes-
sing its natural resources for sustainable energy generation.
Situated along the Pungwe River, this hydroelectric facility

harnesses flowing water to produce clean and renewable
electricity. The installed capacity of 2.3 MW and its rela-
tively small capacity, the Hauna Hydroelectric Power
Station, play a crucial role in enhancing energy access
and reliability, particularly in rural areas with limited grid
connectivity. The station’s contribution to Zimbabwe’s
energy mix underscores the importance of decentralised
energy solutions in driving socio-economic development
and promoting environmental sustainability.

Several micro-hydropower projects were developed in
Zimbabwe to harness the energy potential of small rivers
and streams. These projects, often initiated by community-
based organisations and supported by non-governmental
organisations and development agencies, provide clean
and renewable electricity to rural communities for domestic
and productive use. Examples include the Mvurwi and
Pungwe micro-hydropower projects, which have helped
improve livelihoods and promote sustainable development
in rural areas.

Biomass and solar PV
Biomass. An analysis of the potential generation of elec-
trical power from biogas in Zimbabwe to complement
grid power was performed (Mutate et al., 2023). This
study aimed to determine the current production of biogas
in a country that can be used to generate electricity. The
results of this study would help engineers and potential
investors realise the feasibility of biogas technology,
which is harnessed by industrialised countries such as

Figure 6. Evolution of RE in the Zimbabwean national mix. Data Source, Zimbabwe’s NREP (IRENA, 2023).
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Germany and China. The sugar industry in Zimbabwe has
been exploring biomass as a renewable energy source.
Companies such as Tongaat Hulett Zimbabwe, which oper-
ates sugar mills in the country, have implemented biomass
cogeneration projects to generate electricity from sugarcane
bagasse, a by-product of sugar production. With the use of
biomass energy for process heating and power generation,
the sugar industry can reduce its reliance on grid electricity
and contribute to sustainable energy production.

Solar PV. Several studies have been conducted to increase
Zimbabwe’s share of renewable energy or meet grid-connected
renewable energy targets (Twidell, 2021). Notwithstanding,
solar PV uptake is still small in the country, but some
gradual changes have been made in recent years.

The first example is the Riverside Solar Power Station,
which illuminates Zimbabwe’s path toward a sustainable
and prosperous future powered by the sun. The Riverside
Solar Power Station occupies 40 hectares outside
Mutoko, Zimbabwe. The first development stage was
installing a 2.5 MW capacity on one-quarter of the available
land. This was completed in 2018. This solar PV power
station was the first purpose of building a grid-tied solar
PV power station in Zimbabwe. It is based in Mutoko, fol-
lowing a collaboration between ZESA and the government.

Another example is the Gwanda Solar Project in
Matebeleland, Zimbabwe. Gwanda Solar PV Park is a ground-
mounted solar project. Project construction is expected to
commence by 2024. Subsequently, it would enter commercial
operations by 2026. The power generated from the project
would be sold to Zimbabwe Electricity Transmission &
Distribution under a power purchase agreement.

Multiple companies in Zimbabwe intend to install solar
panels to support their operations as they are frequently
compelled to use backup diesel generators for over 12 h.
Tanganda Tea Company, located in the Chipinge district
of eastern Zimbabwe, has installed nearly 4.6 MW of
solar panels to power their factories on their agricultural
estates. Mining companies are also in the run to install
their solar systems as the power problem is increasing
daily. Companies like ZIMPLATS are the leading mining
companies in Zimbabwe, specialising in platinum group
metals such as platinum, palladium, rhodium, iridium,
ruthenium, and osmium. It has already invested in a
185-MW solar power plant to power its mining operations
and support the United Nations’ sustainable development
goals. Other retailing companies like Pick n Pay, OK, and
SPAR have done the feasibility of using solar power as it
is being used in South Africa.

In the rural and off-grid areas of Zimbabwe, decentralised
solar energy solutions provide access to electricity to commu-
nities that are not connected to the national grid.
Organisations like Practical Action and Oxfam have imple-
mented off-grid solar projects to electrify schools, health
clinics, and households in partnership with local communities

and international donors. These projects typically involve
installing solar panels, batteries, and energy-efficient appli-
ances, enabling communities to meet their energy require-
ments for lighting, communication, and productive use.

These case studies demonstrate the diverse applications
of renewable energy technologies in Zimbabwe, spanning
utility-scale solar power plants, industrial biomass cogener-
ation, off-grid solar solutions for rural electrification, and
micro-hydropower projects for community development.
Case studies of renewable energy projects in Zimbabwe
underscore the country’s strides towards a sustainable
energy future. From the hydroelectric power of Kariba to
decentralised solar solutions in rural areas and ambitious
solar projects such as Gwanda, these initiatives showcase
Zimbabwe’s commitment to harness its abundant renew-
able resources. While challenges remain in financing,
policy support, and technical capacity, these examples
highlight a country’s progress in embracing renewable
energy as a critical driver of sustainable development.

Transportation electrification with E-mobility aid
The feasibility of constructing a biogas-powered electric
vehicle (EV) charging system in Zimbabwe can be
explored. Biogas, a renewable fuel derived from organic
waste, is a sustainable solution for EVs and reducing reli-
ance on fossil fuels. The framework for the EV-bioenergy
value chain could include biogas production, purification,
storage, power generation, and an EV charging system.

Prior to such development, the economic analysis needs
to consider capital and operational costs, including equip-
ment, installation, and site acquisition. The biogas-powered
EV charging stations are technically viable for Zimbabwe,
though high upfront costs are a challenge. However, low
operational expenses due to readily available biogas and
power generation offer promise. Over time, revenue from
charging EVs can lead to a positive return on investment.

To improve system efficiency and reduce costs, further
research is recommended in optimising biogas production,
refining biogas purification methods, and exploring more
efficient electricity generation from bioenergy technolo-
gies. The development of a biogas-powered EV charging
infrastructure presents a promising opportunity for
Zimbabwe, aligning with its pursuit of sustainable transpor-
tation solutions and reducing reliance on fossil fuels.

Potentials for green hydrogen production
Zimbabwe is making substantial progress in embracing
hydrogen as a sustainable energy source. Presently,
Zimbabwe does not engage in extensive hydrogen manu-
facturing. However, the primary emphasis lies on the
advancement of green hydrogen production, which involves
harnessing renewable energy sources such as solar and
hydropower. The Zimbabwe Hydrogen Association (ZHA)

Akpan et al. 11



is working together to create a pilot plant that would show-
case the practicality of producing and using hydrogen. The
Ministry of Energy and Power Development acknowledges
the significance of “clean hydrogen” as a top priority in the
substitution of fossil fuels (Energy Capital and Power). It
also advocates for the utilisation of underutilised renewable
resources for the generation of hydrogen. The Green
Hydrogen Atlas Project investigates Zimbabwe’s capacity
for generating green hydrogen, utilising the nation’s rich
renewable resources.

One promising technology is electrolysis, which utilises
electricity to separate water molecules into hydrogen and
oxygen. Solar and hydropower are now leading the way
in the generation of environmentally friendly hydrogen.
The 178 GWh Green Hydrogen Project, which has been
contracted with the French company HDF Energy, is sched-
uled to commence building in 2024/2025. It is projected to
provide an annual electricity output of 178 GWh (Energy
Capital and Power). The ZHA Research Initiative is now
investigating the possibilities of hydrogen as a sustainable
solution. The government’s emphasis on renewables and
hydrogen presents attractive investment prospects.

Potentials for hydro pump energy storage
A pump energy storage plant is a hydropower system used
to store electrical energy during excess supply and convert
it to power during peak demand. In Zimbabwe, the power
crisis and increasing integration of renewable energy
sources like solar PV and the largely accepted bioenergy
would lead to the need for energy storage. Abandoned
mines and transboundary aquifers in the country can be
refurbished to operate as pump energy storage plants.

Using abandoned coal mines is a viable option as the power
available in PHE is a function of height, and most mines are
deep underground. Deploying existing infrastructure in aban-
doned mines can reduce the cost of constructing the plant.

New studies and future work to guide the government
and investors in promoting this initiative could investigate
the impact of power integration on voltage and power
quality in a distribution system, aiming to use control strat-
egies to maintain the balance between future energy supply
and demand. Hence, the modelling, design, and implemen-
tation for the performance of an underground hydro-
pumped energy storage system (UPHES) powered by a
hybrid solar-bioenergy scheme can be developed.

SWOTevaluation and way- forward for
renewable energy integration in
Zimbabwe’s industrial sector
The industrial sector is a significant energy consumer in
Zimbabwe, and its reliance on fossil fuels contributes to envir-
onmental degradation and energy insecurity. Renewable
energy (RE) technologies offer a promising solution, but
their integration necessitates a comprehensive understanding
of the Strengths, Weaknesses, Opportunities, and Threats
(SWOT). The summary in Figure 7 presents factors and key
areas to inform strategic decision-making.

Figure 7 presents a strong foundation for RE development
in Zimbabwe. There is great potential for the development of
solar and wind power in the country because of its high levels
of solar radiation and because it is located in areas with strong
wind potential (Makonese, 2016; Mushosho and Qutieshat,
2024), with bioenergy seen to be a short-term remedy for
increasing RE access (Maramura et al., 2020; Mutate et al.,
2023) and reducing the economic and socio-cultural impact
of lack of access of RE (Manyonga, 2018). The government’s
regulatory structure is also beneficial because it is committed
to promoting RE through policies that align with its Vision
2030 (Government of Zimbabwe, 2019).

A multitude of issues in Zimbabwe hinder the use of
renewable energy sources. Problems with industrial
systems designs, including renewable energy system

Figure 7. SWOT Evaluation for the Integration of Renewable Energy in Zimbabwe.

Source. Authors’ Elaboration.
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design, implementation, and education, are compounded by
a lack of qualified technical personnel (Kumba et al., 2024).
Additionally, there are obstacles to integrating large-scale
renewable energy projects due to the outdated grid infra-
structure. Renewable energy deployment is further hin-
dered by the high upfront costs, limited access to finance
and instability of energy prices (Nkomo and Goldstein,
2006).

Many benefits accrue to Zimbabwe because of its reinte-
gration. By lowering emissions of greenhouse gases and
reliance on fossil fuels, RE can provide energy security
while also contributing to the mitigation of climate
change. The industry also presents opportunities for invest-
ment and the creation of jobs (Akpan and Olanrewaju,
2023). Additionally, microgrids can be set up with the
help of renewable energy technology, providing electricity
to underserved and isolated areas (Mhandu and Longe,
2022; Samu et al., 2016; Shafiullah et al., 2021)]. The
potential benefits of renewable energy sources include but
are not limited to reducing reliance on imported fossil
fuels, creating more employment possibilities, and addres-
sing climate change and air pollution issues.

RE expansion in Zimbabwe is threatened by multiple
factors. Investments in renewable energy (RE) might be
halted by policy uncertainty, and climate change’s effects,
such as extreme weather events, can compromise RE gen-
eration (Chivhenge et al., 2023). Community opposition
may slow the adoption of renewable energy, particularly
in more remote areas. In addition, there are challenges to
effective planning and advancement (Aniebo and Akpan,
2022) due to uneven competition from existing energy
sources and insufficient access to data on renewable
energy, which have often been the case in many developing
countries, including Zimbabwe (Oyewo et al., 2023).

In order to enhance the integration of renewable energy
in Zimbabwe’s sector, a number of crucial measures can be
implemented based on the highlights of the SWOT ana-
lysis. Integrating RE sources into the industrial sector pre-
sents a promising solution to address these challenges.
The crucial measures harness the strengths and opportun-
ities as potential solutions to the challenges, weaknesses,
opportunities, and threats hindering the widespread adop-
tion of RE in Zimbabwe’s industries. These challenges
and potential solutions are summarised and outlined in
Table 3 as follows.

Conclusion
This study looks at the potential of renewable energy
systems in Zimbabwe to contribute to addressing the
current energy challenges and encourage long-term indus-
trial development. Zimbabwe has the potential to increase
energy independence, decrease the use of fossil fuels, and
foster long-term industrial development with its wealth of
renewable energy sources like hydropower, solar power,

and wind power. Accelerating technology, shifting market
dynamics, and heightened environmental consciousness
are all factors shaping Zimbabwe’s renewable energy
market.

RE technologies, such as solar photovoltaic, geothermal,
hydropower facilities, wind, and biomass, are primarily
managed by the Zimbabwe Energy Regulatory Authority
(ZERA). In the southern hemisphere, between Zambia
and Zimbabwe, stands the Kariba Dam, which, when oper-
ating normally, contributes significantly to Zimbabwe’s
power generation—nearly 600 MW. Problems with the
climate, unpredictable rainfall, and outdated infrastructure
are limiting hydropower generation in Zimbabwe.
Increasing the station’s reliability and sustainability
requires upgrading infrastructure, making it more resilient
to climate change, and diversifying the station’s energy
sources.

To power one-third of the small town of Chipinge in
southern Zimbabwe, the Kupinga Hydropower Station,
which is situated along the Kupinga River, produces
clean, sustainable electricity for both residents and busi-
nesses. Sustainable energy is improved in remote locations
with poor grid connections using the Hauna Hydroelectric
Power Station. For the purpose of enhancing rural resi-
dents’ quality of life and fostering long-term economic
growth, micro-hydropower projects have also been
designed in a number of cases to tap into the waterpower
of smaller rivers and streams.

A growing number of businesses, such as those outlined
in Table 1, are seeing the value in incorporating renewable
energy systems into their processes, and this is true across a
wide range of industries, supporting the country’s energy
policies and legislations highlighted in Table 2.
Renewable energy solutions offer numerous advantages
to enterprises, including increased energy resilience,
decreased operational costs, and support for sustainable
development objectives.

In Zimbabwe’s renewable energy sector, apart from the
predominant hydropower, solar PV systems are becoming
increasingly popular. In order to run industrial operations,
lessen their load on the national grid, and guard from the
effects of frequent power outages, industries are gradually
adopting solar energy. This is evidenced by the increasing
share of solar in the RE national mix.

Utilising biogas technology, developed nations such as
China and Germany may augment grid electricity while
making a sustainable impact on energy output. Projects
like the Gwanda Solar Project and the Riverside Solar
Power Station show that Zimbabwe is actively working
towards reducing fossil fuels.

In this study, and apart from the current energy infra-
structure, we also discussed Zimbabwe’s potential to
explore the feasibility of developing hydrogen-pumped
storage from the abandoned or soon-to-be-decommissioned
coal mines, green hydrogen production from the high solar
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irradiation and using transportation electrification transition
to increase RE share by the utilisation of the low oper-
ational expenses resulting from high bioenergy potentials
as primary resources for independent charging infrastruc-
ture, that may be connected to the national grid.

Subsequently, this study introduces a SWOT evaluation
to identify promising areas and limitations for the enhance-
ment of RE integration in Zimbabwe. As a key component
of long-term economic growth and environmental protec-
tion, a number of steps grounded in the SWOT analysis
have been discussed in section 5 and outlined in Table 3,
which can be taken in Zimbabwe to improve the integration
of renewable energy. These areas include.

• Microgrid development from RE to help in managing the
current grid challenges.

• Implementing demand-side management strategies, such
as load shifting to RE utilisation from the microgrids and
hydro-pumped storage development to manage RE inter-
mittency. Energy efficiency improvements to reduce
load demands and reduce Carbon footprint emanating
from the energy supply chain and in managing the
unstable energy availability.

• Investing in data assessment facilities and models to
have localised data for planning and decision-making.

• Promotion and sustaining financial incentives to support
RE integration

• Increasing electricity access in line with SDG7.
• Funding the improvement of RE educational programs

and the professional development of residents’ technical
competence.

• The establishment of a stable and uniform policy frame-
work, such as an integrated resource plan for Zimbabwe,
to address the challenges of bureaucracy and disjointed
efforts in RE integration.

Zimbabwe could attain energy security, environmental sus-
tainability, and economic diversification through the adop-
tion of renewable energy technology. Zimbabwe has the
potential to maximise its renewable energy resources and
achieve a more environmentally sustainable future
through the implementation of favourable legislation, sub-
stantial infrastructure investments, and active promotion
of public engagement in sustainable energy development.

Statement of authors’ contributions
Conceptualisation, J.A.; Methodology, J.A; Analysis, J.A;
Writing and Original Draft preparation, J.A, and H.K.; Review
and Editing, J.A, and O.O.; Validation, J.A, and H.K.; and
Project Administration, J.A. and O.O.

Acknowledgements
The authors appreciate the support of the Durban University of
Technology, South Africa.

Declaration of conflicting interests
The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding
The authors received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD
Joseph Akpan https://orcid.org/0000-0002-4211-8678

References
Akpan J and Olanrewaju O (Oct. 2023) Sustainable energy devel-

opment: History and recent advances. Energies (Basel) 16(20):
7049.

Al-Ghussain L, Samu R and Fahrioglu M (May 2018) Techno-
economic feasibility of PV/wind-battery storage: Case analysis
in Zimbabwe. In: International Conference on Clean Energy
(ICCE-2018), Cyprus, pp.1–7.

Aniebo IN and Akpan JS (Aug. 2022) Energy transition:
Implications, considerations, and roadmap development for
sub-Saharan Africa. In: SPE Nigeria Annual International
Conference and Exhibition, pp.1–10: OnePetro. https://doi.
org/10.2118/211990-MS.

Chipango EF (May 2021) Constructing, understanding and inter-
preting energy poverty in Zimbabwe: A postmodern perspec-
tive. Energy Res Soc Sci 75: 102026.

Chivhenge E, Mabaso A, Museva T, et al. (Sep. 2023)
Zimbabwe’s roadmap for decarbonisation and resilience: An
evaluation of policy (in)consistency. Global Environmental
Change 82: 102708.

Chiwaridzo OT (Oct. 2023) Harnessing renewable energy tech-
nologies for energy independence within Zimbabwean
tourism industry: A pathway towards sustainability. Energy
for Sustainable Development 76: 101301.

Dube I, Beta M and Dihwa S (2005) Opportunities for demand
side management (DSM) in integrated energy resource plan-
ning and development in the power sector: The case of
Zimbabwe. In: Proceedings of the Inaugural IEEE PES 2005
Conference and Exposition in Africa, pp.234–240: IEEE.
https://doi.org/10.1109/PESAFR.2005.1611820.

Energy Capital and Power. HDF to Develop 178 GWh Green
Hydrogen Project in Zimbabwe. Available at: https://
energycapitalpower.com/hdf-energy-green-hydrogen-project-
zimbabwe/.

Garfias Royo M, Diep L, Mulligan J, et al. (2022) Linking the UN
sustainable development goals and African agenda 2063:
Understanding overlaps and gaps between the global goals
and continental priorities for Africa. World Development
Sustainability 1: 100010.

Government of Zimbabwe (2019) National renewable energy
policy.

Hlongwane NW and Daw OD (May 2023) Renewable electricity
consumption and economic growth: A comparative study of
South Africa and Zimbabwe. International Journal of
Energy Economics and Policy 13(3): 197–206.

Hosier R (1988) Energy for Rural Development in Zimbabwe.
Stockholm : The Beijer Institute (The Royal Swedish

16 Renewable Energies 2(2)

https://orcid.org/0000-0002-4211-8678
https://orcid.org/0000-0002-4211-8678
https://orcid.org/0000-0002-4211-8678
https://orcid.org/0000-0002-4211-8678
https://orcid.org/0000-0002-4211-8678
https://doi.org/10.2118/211990-MS
https://doi.org/10.2118/211990-MS
https://doi.org/10.2118/211990-MS
https://doi.org/10.2118/211990-MS
https://doi.org/10.1109/PESAFR.2005.1611820
https://energycapitalpower.com/hdf-energy-green-hydrogen-project-zimbabwe/
https://energycapitalpower.com/hdf-energy-green-hydrogen-project-zimbabwe/
https://energycapitalpower.com/hdf-energy-green-hydrogen-project-zimbabwe/
https://energycapitalpower.com/hdf-energy-green-hydrogen-project-zimbabwe/
https://energycapitalpower.com/hdf-energy-green-hydrogen-project-zimbabwe/
https://energycapitalpower.com/hdf-energy-green-hydrogen-project-zimbabwe/
https://energycapitalpower.com/hdf-energy-green-hydrogen-project-zimbabwe/


Academy of Sciences) and the Scandinavian Institute of
African Studies. Available at: https://www.academia.edu/
47844667/Energy_for_Rural_Development_in_Zimbabwe.

IEA (2021) Energy system of Zimbabwe. Paris.
IRENA (Mar. 2023) Renewable capacity statistics 2023. Dubai.
Kaseke N (2012) An Estimate of the Cost of Electricity Outages in

Zimbabwe. North West, South Africa: North West University.
Kaygusuz K (Feb. 2012) Energy for sustainable development: A

case of developing countries. Renewable and Sustainable
Energy Reviews 16(2): 1116–1126.

Kumba H, Akpan J, Twite B, et al. (2023) Renewable energy
adoption and integration in South Africa: An overview. In:
12th International Conference on Clean and Green Energy
(ICCGE 2023), pp.74–87: Institution of Engineering and
Technology. https://doi.org/10.1049/icp.2023.1607.

Kumba H, Olanrewaju O, Akpan J, et al. (2024) Engineering
education and industry synergy in Zimbabwe: A divide and
redirection. In: Innovation and Evolution in Tertiary
Education [Working Title]. IntechOpen. https://doi.org/10.
5772/intechopen.1004886.

Makonese T (Mar. 2016) Renewable energy in Zimbabwe. In:
2016 International Conference on the Domestic Use of
Energy (DUE), pp.1–9: IEEE. https://doi.org/10.1109/DUE.
2016.7466713.

Manyonga I (2018) The Impact of Access to Renewable Energy
Technology on Economic Development and Socio-Cultural
Transformation in Remote Rural Areas of Developing
Countries, A Case Study for Zimbabwe. Wien, Vienna: univer-
sitat wien.

Maramura TC, Maziriri ET, Chuchu T, et al. (May 2020)
Renewable energy access challenge at household level for
the poor in rural Zimbabwe: Is biogas energy a remedy?
International Journal of Energy Economics and Policy
10(4): 282–292.

Maronga A, Nyoni KJ, Tuohy PG, et al. (Jun. 2021) Evaluation of
PV and CSP systems to supply power in the Zimbabwe mining
sector. Energies (Basel) 14(13): 3740.

Mbohwa C and Siso B (Feb. 2009) The role of renewable energy
in the electricity industry in Zimbabwe. Adv Mat Res 62–64:
495–505.

Mhandu SR and Longe OM (Apr. 2022) Techno-Economic analysis of
hybrid PV-wind-diesel-battery standalone and grid-connected
microgrid for rural electrification in Zimbabwe. In: 2022 IEEE
Nigeria 4th International Conference on Disruptive Technologies
for Sustainable Development (NIGERCON), pp.1–5: IEEE.
https://doi.org/10.1109/NIGERCON54645.2022.9803058.

Moyo T (Jul. 2014) Green economy/growth policies and their
implementation in the context of the renewable energy
sector: The case of Mozambique, South Africa and
Zimbabwe. International Journal of African Renaissance
Studies - Multi-, Inter- and Transdisciplinarity 9(2): 39–60.

Munemo OCP, Thango BA and Bokoro PN (Jan. 2023) Internet of
things (IoT) based microgrid system for optimal scheduling:
Case study Kadoma-Zimbabwe. In: 2023 31st Southern African
Universities Power Engineering Conference (SAUPEC), pp.1–6:
IEEE. https://doi.org/10.1109/SAUPEC57889.2023.10057889.

Mushosho J and Qutieshat A (2024) A brief literature review of
renewable energy policies in Zimbabwe. International Journal
of Business Continuity and Risk Management 14(1): 77–95.

Mutate CT, Kanjanda AJ and Mehta G (2023) The use of biogas
energy for electrical power generation in Zimbabwe—A study.
265–275. https://doi.org/10.1007/978-981-19-6605-7_19.

Mutume B (Jul. 2023) A feasibility assessment of utilising con-
centrated solar power (CSP) in the Zimbabwean regions of
hwange and lupane. Heliyon 9(7): e18210.

Nkomo JC and Goldstein HE (Aug. 2006) Energy price respon-
siveness in Zimbabwean mining and manufacturing: A disag-
gregated demand analysis. Journal of Energy in Southern
Africa 17(3): 49–57.

Nyasha S (Mar. 2024) The dynamic impact of renewable energy
consumption on economic growth in Zimbabwe: An ARDL
approach. Managing Global Transitions 22(1). https://doi.
org/10.26493/1854-6935.22.53-72.

Oyewo AS, Sterl S, Khalili S, et al. (Jun. 2023) Highly renewable
energy systems in Africa: Rationale, research, and recommen-
dations. Joule. https://doi.org/10.1016/j.joule.2023.06.004.

Samu R, Fahrioglu M and Taylan O (Oct. 2016) Feasibility study
of a grid connected hybrid PV-wind power plant in gwanda,
Zimbabwe. In: 2016 HONET-ICT, pp.122–126: IEEE. https://
doi.org/10.1109/HONET.2016.7753434.

Shafiullah G, Samu R, Elvarasan R, et al. (2021) Prospects of
hybrid renewable energy-based power system: A case study,
post analysis of chipendeke micro-hydro, Zimbabwe. IEEE
Access 9: 73433–73452.

Shumba A, Togarepi S, Gumindoga W, et al. (2018) A remote
sensing and GIS based application for monitoring water levels
at Kariba dam. In: Proceedings of the EAI International
Conference for Research, Innovation and Development for
Africa, EAI. https://doi.org/10.4108/eai.20-6-2017.2270774.

Twidell J (2021) Renewable Energy Resources, 4th ed.
Oxfordshire: Routledge.

World-Bank (Jan. 2024) Global economic prospects.

Author Biographies

Joseph Akpan is a research fellow and licensed professional engineer with specialities in clean energy policy, environ-
mental protection, sustainability, asset management, and engineering education. He has editors’ choice and feature papers,
including other published journals, book chapters, and conference proceedings.

Hagreaves Kumba is currently a PhD student in the Department of Industrial Engineering at Durban University of
Technology. He holds a Bachelor and a Master of Engineering in Industrial Engineering from South Africa. He has
papers published in journals and book chapters. His research interests are renewable energy, engineering education and
engineering management.

Akpan et al. 17

https://www.academia.edu/47844667/Energy_for_Rural_Development_in_Zimbabwe
https://www.academia.edu/47844667/Energy_for_Rural_Development_in_Zimbabwe
https://www.academia.edu/47844667/Energy_for_Rural_Development_in_Zimbabwe
https://doi.org/10.1049/icp.2023.1607
https://doi.org/10.5772/intechopen.1004886
https://doi.org/10.5772/intechopen.1004886
https://doi.org/10.1109/DUE.2016.7466713
https://doi.org/10.1109/DUE.2016.7466713
https://doi.org/10.1109/NIGERCON54645.2022.9803058
https://doi.org/10.1109/SAUPEC57889.2023.10057889
https://doi.org/10.1007/978-981-19-6605-7_19
https://doi.org/10.26493/1854-6935.22.53-72
https://doi.org/10.26493/1854-6935.22.53-72
https://doi.org/10.1016/j.joule.2023.06.004
https://doi.org/10.1109/HONET.2016.7753434
https://doi.org/10.1109/HONET.2016.7753434
https://doi.org/10.4108/eai.20-6-2017.2270774


Oludolapo Olanrewaju is currently an associate professor and head of Department of Industrial Engineering, Durban
University of Technology, South Africa. He earned his BSc in Electrical Electronics Engineering and MSc in
Industrial Engineering from the University of Ibadan, Nigeria and his Doctorate in Industrial Engineering from the
Tshwane University of Technology, South Africa. He has papers published in peer-reviewed conferences, journals and
book chapters. His research interests are not limited to energy/greenhouse gas analysis/management, life cycle assessment,
application of artificial intelligence techniques and 3D modelling. He is an associate member of the Southern African
Institute of Industrial Engineering (SAIIE) and NRF rated researcher in South Africa.

18 Renewable Energies 2(2)


	 Introduction
	 Sustainable energy market in Zimbabwe
	 Energy policies and supporting programs for renewable energy in Zimbabwe
	 Renewable energy technologies projects and investment opportunities in Zimbabwe
	 Hydro power projects
	 Kariba power station
	 Kupinga hydropower station
	 Hauna hydroelectric power station

	 Biomass and solar PV
	 Biomass
	 Solar PV

	 Transportation electrification with E-mobility aid
	 Potentials for green hydrogen production
	 Potentials for hydro pump energy storage

	 SWOT evaluation and way- forward for renewable energy integration in Zimbabwe's industrial sector
	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


