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South Africa is experiencing a rapid expansion in solar energy deployment. According to estimates from the South
African Photovoltaic Industry Association (SAPVIA), cumulative solar capacity reached approximately 9.46 GW
by mid-2025, reflecting strong growth across both utility-scale and distributed (e.g. rooftop) solar projects. While
this expansion addresses immediate energy-security challenges, it also creates a deferred environmental risk. In
the absence of effective intervention, South Africa is projected to accumulate nearly one million tonnes of solar
photovoltaic (PV) waste by 2050.

As of 2025, domestic recycling capacity is largely limited to downcycling through mechanical shredding,
which recovers less than 10 percent of the economic value of a PV panel. The principal technological constraint is
the absence of thermal and chemical delamination facilities. In contrast, the second-life battery market is already
commercially active, driven by private-sector initiatives that repurpose electric vehicle batteries for stationary
energy-storage applications.

The uptake of solar PV in South Africa is primarily driven by persistent load-shedding and commitments under
the Just Energy Transition framework. By 2024, the country had approximately 2.28 GW of utility scale PV and
more than 5.7 GW of rooftop and embedded generation capacity. Solar PV imports increased by 213 percent in
2023, while global installations grew by 64 percent in the first half of 2025, accompanied by a 60 percent rise in
African imports from China. Looking ahead, the total addressable market for rooftop solar across residential and
commercial and industrial sectors is estimated at 10 GW by 2030, with total renewable energy capacity expected
to reach approximately 32 GW over the same period.

Solar panels typically have a lifespan of 25 to 30 years, although early losses due to transport damage and
installation defects already generate a smaller but immediate waste stream. Projections by the Council for
Scientific and Industrial Research and non-profit organisations promoting green economy solutions in Africa
indicate a cumulative PV waste stock of between 100 000 and 250 000 tonnes by 2035, escalating to over one
million tonnes by 2050. These projections align with global estimates of 60 to 78 million tonnes of cumulative PV
waste. On average, approximately 60 tonnes of electronic waste are generated per megawatt of installed PV
capacity at end of life.

South Africa’s legislative framework for circularity is established under the National Environmental
Management: Waste Act, with mandatory Extended Producer Responsibility (EPR) regulations in force since May
2021. Under these regulations, solar panels and batteries are classified as electronic waste and may not be disposed
of in landfills. Importers and manufacturers are required to contribute to Producer Responsibility Organisations
(PROs) such as Circular Energy or the E-Waste Recycling Authority. For the 2024/2025 period, Circular Energy
levies fees of R0.70 per kilogram for solar PV panels and renewable-energy batteries, between R0.30 and R0.70
per kilogram for inverters and control equipment, and R2.00 per kilogram for lithium-ion portable batteries.
However, the prevailing fee of R0.70 per kilogram is widely regarded as insufficient to finance advanced recycling
infrastructure, as it effectively covers only basic logistics and mechanical processing.

In the context of solar PV recycling, the most significant gap lies in the absence of delamination technology.
Current recycling practices rely on mechanical comminution, whereby panels are crushed to recover glass as low-
grade cullet contaminated with plastics, while aluminium frames are sold as scrap. This process results in the loss
of high-value materials, including silicon wafers and silver, which are pulverised and irretrievably mixed into
residual waste streams. Thermal delamination represents the missing technological solution. This process involves
heating panels to approximately 500 °C to vaporise the ethylene-vinyl acetate (EVA) encapsulant, enabling the
intact separation of glass, silicon cells, and copper conductors. Silicon recovery at purities exceeding 99 percent
then becomes technically feasible, allowing potential reuse in new PV cells.

By contrast, the battery-storage sector demonstrates a functional circular-economy model. Second-life battery
applications are enabled through automated diagnostic and grading technologies, whereby electric-vehicle
batteries retired at approximately 80 percent state of health are repurposed for stationary storage. Advanced
software systems assess internal resistance and residual capacity, allowing cells to be matched and reassembled
into reliable secondary battery packs, thereby extending service life and reducing waste generation.

This study explores how solar technologies can be aligned with sustainability and circularity principles within
South Africa’s energy sector, with a specific focus on PV panel reuse, recycling, and resource recovery. Guided
by the 10R framework, the analysis evaluates the drivers, barriers, and enablers of a circular PV supply chain,
supported by case studies of local initiatives. The novelty of the study lies in proposing a localized framework for
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PV waste valorisation that aligns with EPR requirements and the restorative objectives of the circular economy,
with the aim of reducing landfill dependency while strengthening energy security.

The analysis draws on waste volume projections from local and the international renewable energy agencies.
Quantitative modelling employs life-cycle assessment tools to compare the environmental impacts of linear and
circular PV value chains, incorporating indicators such as carbon-dioxide savings and material-recovery rates of
an anticipated up to 96 percent for glass, aluminium, and silicon. Case studies include EPR-compliance
partnerships involving circular energy, as well as pilot recycling initiatives in Modderriver and KwaZulu-Natal,
South Africa. Ethical considerations are addressed through informed-consent procedures and data anonymisation,
in line with international standards for research in waste management.

Solar technologies are central to South Africa’s sustainable energy transition; however, achieving true
circularity requires proactive and coordinated PV waste-management strategies. Prioritising reuse and high-value
recycling can mitigate environmental risks, stimulate job creation, and enhance long-term energy security. Key
recommendations include the establishment of a national PV recycling fund, incentives for localized processing
infrastructure, and the formal integration of informal-sector participants through targeted training. It is envisaged
that the research will also pilot integrated circular manufacturing and recycling facilities, as envisioned in emerging
Environmental, Social, and Governance (ESG) investment models, to manage production and end-of-life processes
concurrently and support the development of a resilient, circular solar-energy sector in South Africa.



