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its energy system. Thus, the government has set ambitious energy transition goals that
require substantial changes from those fossil fuels to renewable sources. These targets aimed
at improving energy security, decreasing greenhouse gas emissions, and supporting
economic growth assume a central role in national policy. Hybrid renewable energy systems
(HRES), involving the integration of two or more renewable technologies, have emerged as
potential solutions to help the country meet its energy goals. This paper provides an
overview of the current research on HRES and analyses their deployment to help South
Africa move towards cleaner energy. It also underlines how important it is to have political
will in facilitating frameworks and allocating the necessary financial means.
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1. Introduction

The current environmental state of affairs has multiple countries grappling with the dual challenges
of energy security and climate change, and therefore the shift towards sustainable energy has become
a global imperative. This is exactly where South Africa finds itself in the current phase of energy
transition, as it tries to balance its economic growth, social equity, and ecological sustainability [1].
The energy sector of South Africa has been dominantly powered by coal and other fossil fuel sources
for a long time which has boosted the greenhouse gas emissions and consequently, deteriorated the
environment. Emerging as a viable means to help this shift are hybrid renewable energy systems
(HRES) [2]. They often combine several renewable energy sources such as solar, wind, and biomass
with conventional energy systems or energy storage technologies. Using the advantages of several
energy sources, HRES may provide a more dependable and flexible energy supply, less vulnerable to
the intermittency problems usually related with renewable energy [3]. These systems can play a big
role in improving energy access, enhancing grid stability while reducing dependency on fossil fuels
in the South African case where demand is increasing, and the current system is strained.

The government of South Africa has diagnosed HRES as a potential opportunity in the Integrated

Resource Plan (IRP) framework for the next ten years [4]. The IRP provides a guiding framework for
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the country’s energy policy and emphasizes conventional as well as increased renewable integration
into the national grid. In addition to this, the Renewable Energy Independent Power Producer
Procurement Program (REIPPPP) has stimulated private investment in renewables, thus fostering a
competitive economy that will reduce costs and accelerate adoption [5]. However, despite these
positive developments, there are still some stubborn problems that stand in the way of the successful
integration of HRES into the South African energy system [6].
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Figure 1: Integrated Resource Plan roadmap to 2030 [6].

The regulatory framework has usually favoured large scale fossil fuel projects rather than dispersed
renewable energy initiatives, thus creating one such hurdle. The complexity of the legal landscape
could discourage some investors and stifle innovation. Also, the existing grid system could be
unprepared to handle the distributed energy resources that HRES entails. Effort to resolve these
problems requires cooperation from all sectors of the society, industry, and policy makers in order to
design a reasonable context for the development of hybrid systems [7]. In addition to those, the social-
economic impacts of transitioning to HRES are also studied. As other countries in the region, South
Africa has high unequalled rates, particularly for rural spaces where people still lack basic amenities
such as electricity [8].

Besides enabling power or electricity access through HRES, expanding renewable technologies could
improve the country’s job market and stimulate local economies. Nevertheless, there is the need to
ensure that these transformations are equally distributed in order to avoid deepening pre-existing
social disparities. Thus, HRES evaluations must integrate social dimensions of energy frameworks
alongside the plan designs and incorporate the values of community engagement and values in the
implementation stages [9]. Hybrid renewable energy systems can support South Africa’s energy
transformation goals in a number of ways. As the nation navigates challenges in a changing energy
landscape, evaluation of HRES’s potential should be based on economic and technological
foundations as well as social justice and environmental equality [10]. This will be the foundation for
investment in planning and policies aimed at a just and suitable shift to a lower-carbon energy system

[11].
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This literature review evaluates the role of HRES in achieving South Africa’s energy transition goals,
examining both their technical viability and their alignment with the nation’s commitments To ensure
a thorough analysis, this review draws on literature from multiple academic databases including
Google Scholar and ScienceDirect, using search terms such as “hybrid renewable energy South
Africa” and ”just energy transition (JET).” The selection process prioritized peer-reviewed articles
and policy documents published between 2018 and 2024, focusing on sources that address technical,
economic, or socio-political dimensions of renewable energy in the South African context and a few
globally. The literature was analysed thematically, revealing three key areas of focus: technical
feasibility, socio-economic impacts, and implementation challenges.

2. Literature Review

The shift to renewable energy sources has emerged as a key component in addressing global energy
issues and mitigating the effects of climate change. The adoption of HRES is a key component of
South Africa’s energy transformation goals. The literature study looks at recent studies on HRES,
their potential impacts on South Africa’s energy framework, and the opportunities and challenges
that go along with them. The study by [12] asserts that these hybrid energy systems, which combine
energy storage technology with a variety of renewable energy sources, offer practical ways to enhance
sustainability and energy security. HRES provide dependable energy services by managing energy
supply in spaces where renewable resources are inconsistent. They can balance energy creation and
usage during peak demand times in South Africa which leads to improved grid stability [13].

Studies continue to put it plainly that HRES have the potential to reduce dependency on fossil fuels,
which as discovered is the biggest challenge for South Africa relying heavily on coal fired power
stations, which are not environmentally friendly. Therefore, calling for extensive works for
compliance [14]. In line with its commitments under the Paris Agreement, South Africa is pursuing
a transition to cleaner energy sources. HRES, with their integrated energy mix, are instrumental in
this transition, offering enhanced resilience against power outages (loadshedding) and market
volatility [15]. This theoretical foundation is supported by practical application. [3] conducted a
techno-economic analysis demonstrating that an optimized HRES incorporating battery storage is a
highly effective solution for mitigating grid intermittency, transforming variable inputs into a reliable
power output. This finding is critical for South Africa, as it confirms that the technical tools exist to
overcome one of Eskom’s primary concerns regarding renewable integration.

While the technical case for HRES is strong, South Africa’s energy transition is explicitly framed by
the principle of a (JET). This concept that is central to the nation’s just energy transition partnership
(JETP), demands that the shift away from coal must also address the country’s historical inequalities,
create new economic opportunities, and ensure procedural justice for affected communities [5]. In
principle, these hybrid systems align with this objectives and hence why positive effects that will help
society reduce poverty are always anticipated with every desirable progress, and HRES turns out to
be loaded with such benefits. Literature outlines how making the switch to these energy sources
would undoubtedly improve local economies and lead to the creation of jobs in rural areas where
access to electricity is limited [16].
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Since many regions of the nation lack access to energy sources, HRES can be viewed as the real hope
for energy independence [17]. Nevertheless, there are some barriers that complicate the realization of
this potential. It does still seem to be a challenge to address the issues of community concerns that
affect transition because of regulatory blocks causing disinterest in engagement by the same
communities that stand to benefit [18]. It is therefore increasingly evident that HRES is not immune
to challenges despite the promising and clear benefit it comes with. Moreover, investing in small
renewable energy projects seem to be adversely costly, and this means less interest in implantation to
avoid huge capital losses [19].

Currently there is no clear policy framework that extensively addresses the benefits of investing in
renewable energy nationally, and this has negatively impacted the rate of implementation and thereby
gleam picture of achieving the intended goal is painted [20]. The government of South Africa has
however identified the shortfall and is working towards addressing the issue through reforms policies
and ways of making the transition attractive to potential investors [21]. South Africa is not yet
confident in competency to manage the problem that is inherent with different energy sources, and it
is clear that advanced technologies are required together with people capacitation. The existing
infrastructure does not overly support HRES integration, which also is another difficulty [22].

Since the beginning of the integration of renewable energy sources into power grids, studies have not
understated the importance of determining qualifying methods to be developed to manage efficiency
and reliability in energy distribution in this new system [15]. Furthermore, it is clear that a storage
solution is required in order to harness the instability that arises from renewable energy sources [23].
This writing zeroes in on the importance of the HRES potential in fast tracking the desired energy
shift in South Africa. With all desirable benefits outlined, energy security realized coupled with
potential economic growth, cleaner environment ensuring healthier country, HRES success is
dependent on ensuring that breaking down of barriers is achieved relating to financing, policy
frameworks and securing necessary technologies implementation. South Africa is standing in a
favourable position to become a leader in pioneering renewable energy worldwide and greatly
benefiting from the implementation thereof.

3. Discussion

There is a need to transition to a green energy future in South Africa, particularly with regard to the
use of fossil fuels in the country and the urgency of climate change. Hybrid energy renewable systems
(HERS) become a vital factor to start this transition. By mixing multiple sources of energy, these
systems show that they can raise energy reliability, decrease greenhouse gas emissions, and boost
energy security. One of the top advantages of HERS is their capability to moderate the intermittency
linked with renewable power resources. Although South Africa has giant solar and wind resources
that are prone to changeability, thus manipulating the consistency of energy supply, combining
numerous renewable power sources in groups with storage solutions can offer HERS stable and
secure energy production. Such dependability is crucial for residential and industrial consumers alike,
particularly in a country where power shortages have been the usual stumbling blocks to economic
growth. In addition to that, HERS can play a critically important role in rural electrification when
traditional grid extension is still not economically feasible.
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Using hybrid systems based on local sources, local communities can gain energy independence and
enhance socio-economic status. Such decentralization not only advances the country’s energy
policies, but also results in local community ownership of the energy resources. In addition to the
technical benefits, the application of these renewable energy systems is also capable of initiating the
creation of employment opportunities and economic stimulus. The sector of renewable energy has
proven to be labour absorbing in nature, and the deployment of hybrid systems would help create
fresh employment opportunities at the manufacturing level, installation stage, and upkeep. This
adheres to South Africa’s overall socio-economic priorities of reducing joblessness and developing
inclusive growth. However, converting to HERS is not without challenges.

The primary capital investment in increasing hybrid systems can be an obstacle, particularly in small
projects. Policymakers will then need to deliberate on financing motivations and support programs to
encourage investment in renewable technologies. As emphasized by [5], the current framework,
largely fails to integrate these social objectives in a meaningful way. Therefore, regulatory
frameworks must be established to facilitate the introduction of HERS into the existing energy
framework, ensuring they complement traditional energy sources rather than compete with them. This
leads to significant research and policy gap. The key unanswered question is: How can South Africa
design a procurement and implementation framework for HRES that is optimized for technical
performance, economic cost, and social justice outcomes? Without this, HRES risk becoming
symbols of a transition” that decarbonizes the grid but leaves the country’s deep-seated structures
of inequality intact.

4. Conclusion

In conclusion, the appraisal of hybrid renewable energy systems in the setting of South Africa’s energy
transition certainly shows their critical role in attaining the nation’s determined energy goals. From a
technical standpoint, HRES offer a proven solution to the nation’s energy security challenges and are
essential for realizing the vision of the Integrated Resource Plan (IRP) 2019. The integration of diverse
energy sources provides a viable pathway to enhance grid stability, reduce fossil fuel dependency, and
mitigate environmental degradation. However, the contribution of HRES must be measured by more
than technical metrics. The evaluation highlights the critical importance of robust policy frameworks
that incentivize their deployment, particularly in expanding energy access to rural and underserved
communities. Furthermore, the associated economic benefits, including job creation and local
industrial development, are fundamental to achieving a Just Energy Transition. As South Africa
grapples with the dual imperatives of energy security and climate action, HRES emerge as a
cornerstone of a resilient and sustainable energy future. Realizing this future demands a concerted
effort. By embracing innovation, investing in enabling infrastructure, and fostering inclusive
stakeholder collaboration, South Africa can accelerate its transition. The findings of this study
therefore serve as a call to action for policymakers, industry, and communities to work in concert,
harnessing the full potential of hybrid systems to not only power the nation, but also to empower its
people.
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