
 

 

 

 

 

Advancing Solar Energy  

Supply Sustainability in South 

Africa and India: Insights from 

Diverse Perspectives 
Ψ²ŀǎǘŜ bƻǘΣ ²ŀǘǘǎ IƻǘΩ Webinar Summary Report 

 

Aysha Lotter 

2024 

 

 



 

 

 
 

sustainable-recycling.org 

sri@wrforum.org 

Turning waste into resources for development 
 

SRI builds capacity for sustainable recycling in developing countries. The programme is 
funded by the Swiss State Secretariat of Economic Affairs (SECO) and is implemented by 
the Institute for Materials Science & Technology (Empa) and the World Resources Forum 
(WRF). It builds on the success of implementing e-waste recycling systems together with 
various developing countries since more than ten years. 
 

 
 

Authors Aysha Lotter 

Publication year 2024 

ISBN 978-3-906177-46-5 

  

Acknowledgment This report has been developed by Sustainable Recycling Industries: South Af-

rica. With gratitude to our esteemed guest speakers Steffen Schroeder, Nicole 

Crozier, Shramana Dey, and Kishore Ganesan for their invaluable insights and 

research that guided the discussion.  

A special thank you to Susanne Karcher, Paul Jones, Nicole Crozier, and Jaquel-

ine Crozier for helping with the planning and facilitation of the webinar.  

  

 

 

 

  

Licence Unless marked otherwise, this work is licensed 

under the Creative Commons Attribution-

ShareAlike 3.0 Unported (CC-BY-SA 3.0) li-

cense. Additional rights clearance may be necessary for the elements 

that do not fall under the CC-BY-SA 3.0 license. 

  

Disclaimer This document has been produced without formal SECO editing. The designations em-

ployed and presentation of the material in this document do not imply the expression 

of any opinion whatsoever on the part of SECO concerning the legal status of any coun-

try, territory, city or area of its authorities, or concerning the delimitation of its frontiers 

or boundaries or its economic system or degree of development. Mention of firm 

names or commercial production does not constitute any endorsement by SECO. 

 



 

 

 

 

1 

Acronyms 

EPR Extended Producer Responsibility 

ESG Environmental, Social, and Governance 

GDP Gross Domestic Profit 

ISA International Solar Alliance 

JET Just Energy Transition 

NDC Nationally Determined Contributions 

SDGs Sustainable Development Goals 

SECO State Secretariat of Economic Affairs 

SRI Sustainable Recycling Industries 

PV Photovoltaic  

UNDP United Nations Development Programme 

WEEE Waste Electrical and Electronic Equipment 

WRF World Resources Forum 

  



 

 

 

 

2 

Table of contents 

Acronyms ................................................................................................................................. 1 
Table of contents ..................................................................................................................... 2 
Executive summary .................................................................................................................. 4 
1 Introduction ........................................................................................................................ 5 
2 Advancing Solar Energy Sustainability: A Focus on the Recycling Industry and Lifecycle 
Perspectives in South Africa ...................................................................................................... 7 
3 ESG and Sustainability in the Solar Value Chain .................................................................. 11 
4 Opportunities and Challenges of Photovoltaic PV Module Reuse in South Africa ................. 16 
5 Watts to Waste: Understanding the Solar PV Waste Landscape in India .............................. 21 
6 Conclusion ......................................................................................................................... 25 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

 

 

 

3 

 
 
 
 
 
 
 
 
 
 
 
 

In 1839, a 19-year-old physicist named Edmon Becquerel build the first photovol-
taic cell in his ŦŀǘƘŜǊΩǎ ƭŀōƻǊŀǘƻǊȅΦ Lƴ мфлр !ƭōŜǊǘ 9ƛƴǎǘŜƛƴ ǇǊƻǇƻǎŜŘ ŀ ƴŜǿ ǉǳŀƴπ
tum theory of light and explained the photoelectric effect which won him the No-
ōŜƭ tǊƛȊŜ ƛƴ ǇƘȅǎƛŎǎ ƛƴ мфнмΦ Lƴ ǘƘŜ мфрлΩǎ ǿŜ ǎŀǿ ǘƘŜ ŦƛǊǎǘ ǇǊŀŎǘƛŎŀƭ ŀƴŘ ŀǇǇƭƛŜŘ 
photovoltaic cell. Now solar power is a household option ς scalable and accessi-
ble to those who can afford it. 
 
In 2024, solar spans the globe. Solar energy systems have the potential to help 
industries and households detach from fossil fuel energy dependency, mitigate 
the ecological crisis, and provide energy to communities outside the reach of cen-
tralised grids.  
 
As humanity recons with the transition away from the stability of the Holocene 
into an age of ecological instability caused by human activity, the importance of 
mitigating any negative impact becomes crucial. Solar energy is a truly promising 
solution, and it requires management through the life of the technology.  
 
The bright minds of our time are here to address these complex systems.  
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1 9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

The following is a report outlining the insights gathered from a SRI webinar hosted by Nelson Mandela 

University, South Africa. The SRI webinar is part one of a three-part series aimed at unpacking impacts 

of South Africa’s Just Energy Transition (JET) thereby focusing on the unintended consequences – pri-

marily the issue of introducing  innovative technologies at a massive scale in the frequent absence of 

technically, financially, and operationally feasible waste management systems. Part one focuses on 

Solar PV as a crucial technology within the JET. 

The webinar provided a multifaceted exploration of sustainability in the solar energy sector, spanning 

the introduction into current recycling practices, ESG considerations, PV module reuse opportunities, 

and existing end of life waste management approaches. Speakers offered valuable insights, ranging 

from the importance of design for recycling to the challenges and opportunities in establishing PV 

module reuse markets. By learning from experiences in South Africa and India, the webinar aimed to 

contribute to a more sustainable and responsible solar energy ecosystem globally. 

 

For more information on the topics discussed, please refer to the individual presentations or reach out 

to the respective speakers for additional resources and details. 
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2 LƴǘǊƻŘǳŎǘƛƻƴ 

The recent webinar on Solar Energy Sustainability brought together experts from various fields and 

across the Global South to discuss critical topics surrounding the sustainable development of solar 

energy. The webinar aimed to shed light on recycling practices, ESG considerations, PV module reuse 

opportunities, and the management of solar PV waste in different contexts, with a particular focus on 

South Africa and India.  
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3 !ŘǾŀƴŎƛƴƎ {ƻƭŀǊ 9ƴŜǊƎȅ {ǳǎǘŀƛƴŀōƛƭƛǘȅΥ ! 

CƻŎǳǎ ƻƴ ǘƘŜ wŜŎȅŎƭƛƴƎ LƴŘǳǎǘǊȅ ŀƴŘ [ƛŦŜŎȅπ

ŎƭŜ tŜǊǎǇŜŎǘƛǾŜǎ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀ 

 

Speaker: Steffen Schroeder 

Steffen Schröder is the Managing Director of Reclite SA 

and he brings a background in Mechanical Engineering 

and Material Science to his role. He gained valuable expe-

rience at the Fraunhofer Institute in Berlin and in a spe-

cialised lighting manufacturing facility before relocating 

to South Africa in 2009.  

Joining Reclite SA, he played a pivotal role in establishing 

its technical capabilities. Over the years, Steffen has led 

the development of in-house technologies tailored for 

treating waste from the renewable energy sector, includ-

ing Li-Ion batteries, PV-Modules, and other electronic 

waste materials. 

Steffen Schroeder's presentation provided a comprehensive overview of the current state of recycling 

for photovoltaic (PV) modules in South Africa. He emphasized the need for a reality check on existing 

recycling practices that are available and affordable, highlighting challenges, limitations, and opportu-

nities. The concept of "design for recycling" was explored to enhance the recyclability of PV modules. 

By considering material choices, manufacturing processes, and end-of-life strategies, the presentation 

suggested pathways toward a more sustainable solar energy ecosystem in South Africa. 

Advancing solar energy supply sustainability is crucial for moving away from fossil fuel dependence 

and encouraging a better world for future generations. Schroeder focused specifically on the current 

state of the recycling industry and life cycle perspectives of solar PV in South Africa. 

Status Quo in South Africa 

Schroeder gave and introduction into the existing solutions in South Africa, which are quite varied and 

may challenge some perceptions. He notes that what is in place in South Africa is called a  "standard 

strip and dump" approach, where valuable commodities like aluminium and copper are salvaged from 

solar panels, leaving the rest—like laminated glass sheets with solar cells—to be discarded improperly, 

often ending up in landfills or entirely unmanaged and unprotected areas. 

 

“To ensure sustainability [within the solar panel management sector] we need to move away from 

the ‘Strip and Dump’ to EPR-driven collection, assessment, and then further treatment route.”  

- Steffen Schroeder 
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Alternatively, according to Schroeder, some panels are reused in local townships, but once more 

there is clear evidence that this is not a properly managed process. Without official records, what hap-

pens to the modules after their useful end of life is reached can only be speculated. The lack of man-

agement poses significant challenges because if solar PV modules are processed improperly, there are 

environmental and social harms, as well as a loss to the market regarding the valuable secondary re-

sources that are not recovered. 

The issue with the status quo in South Africa – with comparative issues seen globally. 

Globally, solar panel waste, along with other items such as lithium phosphate batteries and mercury-

bearing lighting lamps, is considered a "negative value" waste stream. Despite containing valuable 

materials, the costs of processing often outweigh the financial returns. Additionally, disposing of such 

waste in landfills is not advisable due to the hazardous components that could leach into the environ-

ment when exposed to the elements. 

Currently, there is a delay in material recovery and a very small secondary resources market. The delay 

in recovery is due to an incorrect perceived value for a broken panel and the high cost for transport. 

Thus unwanted/broken panels are either or sold as unchecked second-hand goods. As a result, PV 

modules are not being properly assessed and/or managed at end-of-life.  

Solar PV manufacturing relies on primary extraction and processing. As the world transitions to a cir-

cular economy, a fair amount of stock of secondary material will end up in the developed world. This 

reliance on natural resource extraction could pose a problem for developing, extractive economies 

unless there is a robust reclamation process within a global value chain. 

With thousands of megawatts of installed PV in South Africa, the result will be hundreds of thousands 

of tons of solar PV modules containing glass, aluminium, silicon, copper, and other materials that will 

require effective and turn-key based waste management solutions. Even small percentages of certain 

elements, like lead, are significant in volume (when this waste is generated with the required econ-

omies of scale) and need proper handling. This is the unintended consequence of solar energy tech-

nology -  the overwhelming scale of implementation leads to the accumulation of hazardous waste 

that needs to be managed effectively. 

Different panels are built with various components and sizes, impacting the logistics of their recycling. 

Transport costs are a significant factor, and localising recycling efforts as much as possible (e.g. through 

relevant pre-dismantling steps) is ideal. The speaker provided insights into the cost-benefit analysis of 

recycling panels, indicating that larger quantities make financial sense for recycling efforts. Schroeder 

mentioned successful recycling efforts, with more than 600 tonnes of solar PV modules recycled in 

2023 alone through his company Reclite. The market for recycling is expected to grow exponentially, 

driven by the increasing volume of installed panels reaching their end of life. 

The hope for South Africa’s PV recycling industry 

To achieve this, the ideal would be to have an effective Extended Producer Responsibility (EPR) sys-

tem. EPR extends a person's financial or physical responsibility for a product to the post-consumer 

stage of the product.[1] Under the EPR regulations, producers of solar panel waste must take respon-

sibility for the end-of-life collection and management. EPR aims to connect recyclers and end-of-life 

management entities to the product manufacturers at the front end.[2] The potential collaboration 

should encourage knowledge exchange at either end of the value chain. The aim is to shift away from 

the ‘strip-and-dump’ method and encourage better oversight and compliance with environmental reg-

ulations. 
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Official collection and recycling through licensed recycling facilities provide a clearer picture to the 

competent authority as volumes processed are reported to the relevant waste information system. 

This data helps Government understand how much waste is being generated and where it is coming 

from to ensure evidence-based interventions. 

 

 

Brief note on Silicon in the Solar Panel Value Chain 

Solar PV technology, although not new, has seen advancements over the years. Schroeder highlighted the 

potential for local beneficiation of lower-tech commodities such as aluminium, copper, and glass, which can 

be used in various applications, contributing to the growth of local economies. However, the recovery of 

silicon for example, a crucial component in solar panels, requires a different approach due to the global 

market dynamics. 

Only a few silicon manufacturers worldwide service the global market for solar panels. These manufacturers 

have advanced technologically and operate at a scale and cost level that makes their products financially via-

ble for the rest of the world. While generally localising processes is first prize, the scale and efficiency of 

these manufacturers make it a challenge. However, he emphasized the importance of looking at scale in 

growing the renewable energy market, especially in Africa, which presents a significant opportunity due to 

its energy needs and lack of centralised grid systems. 

Regarding the return logistics chain for silicon, these are typically not yet in place. It could take around 10 

years to establish a viable return logistics chain for silicon recovery. This process is essential for a circular 

economy, as even a small percentage of silicon recovery from the substantial number of installed panels 

can make a significant impact. Schroeder emphasised the need for such a process to ensure the sustainability 

and growth of the renewable energy industry. 

 

In conclusion, the presentation highlighted the complexities and challenges of recycling solar panels, 

particularly in recovering valuable materials like silicon. The need for a global value chain and the role 

of established manufacturers in driving the market were emphasised.  

While challenges exist, there is also immense opportunity, especially in Africa, to develop a sustainable 

approach to solar panel recycling that contributes to local economies and the growth of the renewable 

energy sector. 
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4 9{D ŀƴŘ {ǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴ ǘƘŜ {ƻƭŀǊ ±ŀƭǳŜ 

/Ƙŀƛƴ 

 

Speaker: Shramana Dey 

Shramana is a Sustainability and ESG consultant 

with close to a decade of experience in conducting 

cross-cutting projects across various verticals under 

sustainability. With a background in waste and pol-

lution management, she has developed an expan-

sive project portfolio that combines holistic research 

& analytics with stakeholder engagement, project 

management & coordination, and capacity build-

ing. 

Her areas of interest include inclusive and equitable 

development, ESG assessments and advisory, and 

waste/pollution management. She has worked with 

a variety of clients across the private sector, pub-

lic/government entities, and international organiza-

tions, and has led multiple solar-, waste- and sus-

tainability-linked projects at dss+. 

 

Shramana Dey delved into the concept of Environmental, Social, and Governance (ESG) considerations 

in the solar value chain. ESG, derived from responsible investing, focuses on non-financial performance 

aspects such as responsible business practices, environmental impact, and social implications. Dey 

highlighted potential negative ESG impacts of the solar sector, including land use, ecosystem concerns, 

community displacement, biodiversity effects, and labour violations. Preliminary findings from a study 

conducted by dss+ in collaboration with the UNDP and ISA were shared, aiming to understand and 

address these ESG impacts. 

There has been an exponential growth in solar energy system use over the last 20 years, outpacing 

some of the more ambitious forecasts. One of the main factors furthering the deployment of solar 

technology, apart from the technological advancements making it more affordable and accessible, is 

sustainability-linked targets such as the NDC targets or the Sustainable Development Goals (SDGs). 

“With all the positives that solar brings, we also must remember that no matter the sector, no matter 

how green something is, there are always certain impacts.” 

- Shramana Dey  

Understanding and scaling a technology is the first point of departure. Thereafter further consideration 

is needed with a focus on the impacts of the use and management of these systems in the broader 

society. As it stands currently - the positives brought by solar technologies significantly outweigh any 

negatives. However, any negatives that do arise need to be observed, assessed, and managed well, 

whether that means locally at a country level or internationally.  
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ESG is one such field of assessment. ESG stands for Environment, Social, and Governance. The concept 

has been influencing decision-making practices within the finance and corporate sector. ESG requires 

companies to perform beyond financial numbers, using what is termed the triple bottom line ap-

proach. The approach focuses profit alongside societal upliftment and environmental stewardship, 

ƻŦ ΨtŜƻǇƭŜΣ tƭŀƴŜǘΣ tǊƻŦƛǘΩ.[3] The concept of ESG and sustainability builds upon a history of theories 

around sustainability and sustainable development dating back to the 1980s. Multilateral agencies and 

financial corporations like the World Bank have purported to focus on socially and environmentally 

responsible projects. 

How does ESG interact with solar? What are the impacts that solar has in terms of ESG? And how do 

current ESG programs, systems, and frameworks relate to what solar does? These are the questions 

faced by the ongoing study on ESG in the Solar value chain. The study includes, but also goes beyond, 

specific quantifiable aspects such as emissions, waste, or mining impacts, to include more qualitative 

considerations: from transparency in the sector, to product quality requirements during project devel-

opment. Consequentially, there are numerous aspects of solar that fall under the ESG concept. 

 

Aims of the ongoing study: ESG & Sustainability in the Solar value chain 

The project aims to bring all these conversations together, gather learnings from around the world, 

and understand the ESG impacts of the solar sector. What are the main challenges? What are the 

opportunities? And how can countries ensure that as they develop the solar sector, they are not 

leading to unforeseen consequences, or at least have the right checks and balances in place? 

The project is still in development. The first draft of the report went out recently and is still awaiting 

reviews and finalization. So the following are some aspects of the study thus far. 

 

Globally, there are multiple ways in which sustainability impact is measured from the organizational 

and company perspective. The most common ways are through global conventions, frameworks, and 

agreements that talk about resource efficiency, mining, land governance, human rights, and more. 

These conventions impact the solar sector significantly, even if they do not have sector-specific inter-

actions.  
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A plethora of standards and reporting frameworks emanate from various sectors and levels of govern-

ance. There are global conventions, goals and targets set by multilateral agencies, reporting standards 

set by national governments and private sector initiatives such as rating agencies and indices. These 
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frameworks help companies report on non-financial aspects, especially risks related to sustainabil-

ity. However, many of these impact measures tend to be voluntary and difficult to verify. Various mul-

tinational companies have inaccurately reported sustainability impact using these frameworks. 

Another aspect on interest in the study is how national governments are incorporating ESG into regu-

latory frameworks. Dey and her team selected 9 countries1 to understand how they're implementing 

solar and ESG. The first trend identified is that most countries with high solar potential are either nas-

cent or have barely begun their renewable energy growth journey. The second trend noticed is that 

the solar sector's growth has largely decoupled from GDP, moving into middle and lower-income coun-

tries where the potential for solar energy is significant. 

Third trend identified considered incentives geared towards the solar industry. Incentivization has 

been key for making the solar industry work, ensuring that incentives grow with the market and face 

their challenges. However, incentives introduced years ago have fallen out of favour in some countries, 

impacting the sector's growth. As a result, incentives need to evolve along with the industry to ensure 

a JET – these incentives need to strategically target sustainability metrics. 

Fourth trend observed is that solar industries are growing now more in the industry and commercial 

sector to try offset industry and sector emissions. Another salient reason is the need to decrease their 

dependence on local and national grids. Notably, in South Africa, the energy crisis at a national level 

has forced the implementation of staged black outs called ‘loadshedding’ further pushing the need for 

solar energy systems. Globally, the public sector has fallen behind the growth of solar in the private 

sector, with land governance largely being the main contention.  

The fifth  observation is that empowering the circular economy of solar energy systems has largely 

been a missing link. Policies are needed to further sustainable practice from design through the end-

of-life management. There is very little incentivising the reuse and refurbishing sector with vast 

amounts of PV going to waste in landfills or managed through the so-called, ‘strip and dump’ method 

as highlighted by Schroeder. 

Lastly, quality standards are ubiquitous but low-quality panels remain an issue in many countries. 

SDG performance has been good, except for affordable and clean energy indicators, which lag in most 

countries. A key recommendation would be to explore the possibility of a globalised harmonised qual-

ity standard for panels. 

In conclusion, the impacts of solar are highly relevant, and the push for sustainability and solar growth 

needs to go hand in hand. Currently, there's not enough conversation between the two. Going forward, 

we need to ensure that the impacts of the solar sector are part of the same conversation, so the nec-

essary checks and balances can be put in place. This is just a snapshot of a detailed report, including 

waste forecasting, material flow analysis, strategic recommendations, and challenges. 

  

 

 

1South Africa, China, USA, Japan, Peru, Chile, Australia, Egypt, and Germany 
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5 hǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ /ƘŀƭƭŜƴƎŜǎ ƻŦ tƘƻǘƻǾƻƭπ

ǘŀƛŎ t± aƻŘǳƭŜ wŜǳǎŜ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀ 

 

Speaker: Nicole Crozier 

Nicole Crozier is a researcher at the Nelson Mandela 

University PV Research Group. She is also an independ-

ent consultant in the circular economy and lectures eco-

nomics. Her background is in economic and socio-eco-

nomic research, having worked in consulting and the 

NGO sector. Her Ph.D. research looks at the potential for 

reuse of solar PV modules in South Africa through a 

value chain assessment. 

Nicole Crozier's presentation addressed the emerging trend of residential solar energy in South Africa 

and the potential increase in faulty or damaged PV modules. Emphasizing the value of reuse within the 

Circular Economy, she presented insights from a survey conducted by NMU PV Research Group and the 

University of the Western Cape. The survey identified barriers, opportunities, and enablers to establish-

ing a PV module reuse market in South Africa, providing valuable insights for sustainable practices in 

the industry. 

Energy security and Solar Energy Systems in South Africa 

South Africa is currently an energy insecure nation. There are long periods of staged blackouts called, 

‘load shedding’ causing a significant increase of solar system installations. These installations assist 

businesses and households avoid the failing national grid, aligning with one of the trends highlighted 

in Dey’s presentation.  

The energy crisis, alongside changes in regulations, has prompted solar installations as well as signif-

icant importation of photovoltaic cells into the country.[4] In the second quarter of 2023, there was a 

184% increase in import value compared to the previous quarter. With imports come more defects 

and breakages during transit, along with anecdotal evidence of poorer quality imports. Another con-

cerning trend is that developed countries include exporting their end-of-life solar modules to develop-

ing countries in their end-of-life strategies, which can lead to dumping if there are no regulations in 

place. As a result, panels arrive in states of disrepair and become hazardous waste on arrival.  

Prevention is better than cure 

To prevent waste, whilst also addressing the energy crisis solar PV repair, reuse, and maintenance must 

become a front-running consideration in the JET. PV modules are not currently appearing in dump sites 

or landfills. However, it is going to be a future problem if systems are not put into action pre-emp-

tively. As a nascent industry – now is a good point in time = to establish collection systems.  
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According to IRENA's waste forecasts, by 2030, under a early loss scenario, South Africa could have an 

estimated cumulative waste volume of 80,000 tonnes of PV panels. By 2050, this could reach 1,000,000 

tonnes.[5] Considering the unforeseen growth as stated by Dey, these forecasts might underestimate 

the waste volume due to the exponential growth of the sector, and the complimentary needs of the 

private sector to shift away from centralised grids.  

Reduce, Reuse, Recycle – and in that order! 

“Recycling has its limitations - it's expensive, there's a loss of value, and it's against regulations for PV 

modules to end up in landfills.”  

ς Nicole Crozier 

To make renewable energy truly sustainable, more research in reuse of solar PV is needed, especially 

since there is little formal study within the developing world context regarding circular economy in PV. 

The waste management hierarchy is a crucial conceptual framework to consider when addressing any 

product for consumption and eventual waste management. Within the hierarchy, recycling is one of 

the least desirable activities.  

The ideal scenario is to make PV modules more durable and easily recyclable or repairable. It is an 

imperative that laws emphasize reuse, repair, and remanufacturing of the entire PV module or its 

components. 

Regarding reuse in practice, there are examples of small businesses using second-life solar panels in 

agricultural applications, furniture, construction materials, and insulation for homes. Community do-

nations are also an option, although there are considerations around safety, installation, possible cost 

savings and liability. 

Solar PV and Extended Producer Responsibility in South Africa  

As Schroeder mentioned, there has been a significant change in South African policy with the imple-

mentation of mandatory Extended Producer Responsibility (EPR).[2] PV modules are covered within 

the electrical and electronic equipment sector. However, compliance with this legislation has been 

challenging, and there are still some issues to address. 

Consumers, whether residential, commercial, or in various industries such as mining and agriculture, 

should have the option to service and repair their PV modules through distributors, installers, or man-

ufacturers for remanufacturing. When modules reach the end of their commercial life, the parts could 

potentially be reused and sent back to the manufacturer, or recycled where the raw materials re-enter 

the value chain. These systems, or industrial symbiosis, needs to be encouraged through various policy 

and law instruments – a key one in South Africa is the EPR Regulations and their concomitant product 

notices. 

Solar PV reuse in South Africa: drivers, barriers, and enablers 

Drivers are key opportunities motivating stakeholders to promote the uptake of end-of-life manage-

ment of PV modules. Economic drivers include offsetting recycling costs, while environmental drivers 

focus on reducing emissions and pollution. Social drivers include job creation, with potential figures 

suggesting job creation opportunities. 

Barriers, on the other hand, hinder the implementation of reuse at the end-of-life management. Policy 

barriers include the lack of specific PV targets under the current EPR regulations. Compliance chal-

lenges exist, especially with free riding firms not paying EPR fees. Economic barriers include the high 

cost of recycling and the decreasing cost of new PV modules, which affects the viability of second-life 

products. 
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Enablers are aspects that help overcome barriers. Policy enablers involve securing support from stake-

holders and developing recertification guidelines. Economic enablers include new business models 

that allow for direct selling, trading, donating, or using turnkey solutions for reuse. Market enablers 

include clarifying warranties for refurbished products, testing and recertification services, and ensuring 

traceability from entry into the country to end-of-life. 

Summarizing the findings from interviews, Crozier and her team adapted the Salim et al (2019) con-
ceptual framework with research findings to consider the challenges and opportunities in the South 
African PV landscape.[6] From this, we can derive potential policy recommendations and identify gaps 
in research. 
 

 
 

In conclusion, South Africa faces a critical juncture in its energy security, with the burgeoning adoption 

of solar energy systems amidst an ongoing energy crisis. The increased reliance on solar installations 

underscores a shift towards decentralized energy solutions, driven by the imperative to circumvent 

the deficiencies of the national grid. However, this transition brings about a concomitant challenge in 

managing end-of-life solar PV modules, necessitating proactive measures to mitigate future environ-

mental hazards. 

The study highlights the pressing need for a comprehensive approach to waste management within 

the solar energy sector. As solar installations continue to proliferate, so too do concerns regarding the 

disposal and repurposing of decommissioned modules. By embracing principles of the circular econ-

omy, such as repair, reuse, and remanufacturing, South Africa can mitigate the looming spectre of 

accumulating PV waste. Moreover, the implementation of Extended Producer Responsibility (EPR) 
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regulations represents a pivotal step towards holding stakeholders accountable for the lifecycle man-

agement of solar products. 

Nevertheless, the report elucidates various challenges and opportunities inherent in the South African 

PV landscape. Policy gaps, compliance issues, and economic barriers pose formidable obstacles to re-

alising the full potential of solar PV reuse. Addressing these impediments requires a concerted effort 

from policymakers, industry stakeholders, and the broader community. By fostering an enabling envi-

ronment through targeted policies, innovative business models, and stakeholder collaboration, South 

Africa can harness the economic, environmental, and social benefits of sustainable solar PV manage-

ment. 

In essence, the presentation underscores the imperative of adopting a proactive stance towards solar 

PV waste management. By prioritizing reuse in addition to recycling and advocating for robust policy 

frameworks, South Africa can pave the way for a more sustainable energy future, characterized by 

resilience, efficiency, and environmental stewardship. 
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6 ²ŀǘǘǎ ǘƻ ²ŀǎǘŜΥ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ {ƻƭŀǊ 

t± ²ŀǎǘŜ [ŀƴŘǎŎŀǇŜ ƛƴ LƴŘƛŀ 

 

Speaker: Kishore Ganesan 

Kishore Ganesan is a sustainable energy consultant, spe-

cialized in PV waste management and Life Cycle Analysis. 

Kishore successfully worked on projects which include an-

alysing economic and technical feasibility of PV waste 

management solutions in India and Viet Nam. He further 

worked on projects involving material flow analysis, 

waste forecasting of wind power systems, and a range of 

projects related to cradle to grave life cycle assessment of 

apparel and food systems.  Kishore, with a mechanical en-

gineering background, has previous industrial experience 

in solar control glass production. 

 

Kishore Ganesan discussed the challenges of managing end-of-life (EoL) solar PV modules in India, a 

country experiencing rapid adoption of solar technologies. While other solar sector waste streams are 

regulated under specific e-waste legislation, PV modules have recently been recognized as a significant 

concern. Ganesan shared insights from a study conducted by dss+ on behalf of ISA and UNEP, focusing 

on the scale of the solar waste problem and strategic recommendations. The presentation drew paral-

lels between the Indian example and potential lessons for addressing solar waste management in South 

Africa. 

The project 'Watts to Waste Study' focuses on India's solar-based landscape.[7] The report can be used 

to draw parallels in a developing country context between findings and recommendations for India 

and South Africa.  

 

Aims and methodology ƻŦ ǘƘŜ ǎǘǳŘȅΥ ²ŀǘǘǎ ǘƻ ²ŀǎǘŜ 9ȄǇƭƻǊƛƴƎ LƴŘƛŀΩǎ {ƻƭŀǊ ²ŀǎǘŜ [ŀƴŘǎŎŀǇŜ 

The study focused on the Indian market, delving into the solar PV sector and the existing and forth-

coming regulations in the solar PV context. Quantitative analysis through material flow analysis and 

waste forecasting was undertaken to understand the volume and impact of end-of-life solar waste 

management. Based on the consultations and analysis, Ganesan and his team developed recom-

mendations and a strategy for sustainably managing solar waste. 

The methodology used included assessing local policies, market studies, and extrapolating PV instal-

lations to forecast waste. They also considered material intensity dynamics, such as the innovation 

cycle in solar panels, leading to increased watts per panel and reduced material usage, notably the 

precious metal use.[7] 
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India's solar PV sector has seen exponential growth, reaching around 76 gigawatts as of February 

2024. More than 80% of installations are utility-scale solar or ground-mounted, showing a predomi-

nant market share in India.  

The Indian government has set ambitious targets, and this trend is expected to continue. However, 

domestic manufacturing is scarce, with over 96% of installations relying on imports. Imports would 

need to be regulated and this highlights the importance of EPR discussions to focus on local develop-

ment and avoid the reliance on local municipal waste systems being burdened by a complex waste 

stream.  

There is also a strong presence of the informal sector in the e-waste sector, which is now extending 

into the solar waste sector. The presence of informal recyclers highlights the need for formalization 

and the establishment of a circular economy. All the above points are comparators to the South African 

context and therefore cross jurisdictional learning ought to be shared through continuous collabora-

tive effort.  

“The importance of PV-base forecasting lies in the need for localized data considering the local dy-

namics and market trends.”  

ς Kishore Ganesan  

Forecasts predict between one and 6 million tonnes of solar PV waste in India by 2040, presenting a 

substantial challenge. Similar to the exponential rise in solar installations, India anticipates a corre-

sponding rise in solar waste. This emphasizes the urgent need for a clear, sustainable approach to 

end-of-life management. 

The study considered the distribution of solar waste within India based on the types of installations: 

ground-mounted, rooftop, and off-grid. Each type requires tailored waste management approaches 

and localized strategies. A breakdown of the material flow analysis showed that while thin-film solar 

is less common, it contains hazardous materials like cadmium and tellurium, necessitating careful han-

dling.[7] 

Regarding recycling infrastructure, over 720 PV recycling plants would be needed in India, with an 

approximate capacity of 5000 metric tonnes per annum per standard e-waste management facility. 

This highlights the potential material loss if only bulk materials are recovered, as high-value materials 

may be lost. This leads to a recommendation for value-based metrics rather than volume-based, 

ensuring the recovery of high-value and hazardous materials. 

India's regulatory landscape includes an EPR scheme that encompasses solar waste within the e-waste 

domain. There are also measures to promote manufacturing and recycling companies to set up infra-

structure based on future waste volumes. 

Moving into recycling technologies, delamination is a critical step, with mechanical recycling being 

prevalent in Europe. India has pilot plans for mechanical delamination, but more emphasis is needed 

on higher recovery rate-inducing technologies, particularly in thermal and chemical delamination. 

Ganesan and his team developed a roadmap for India's solar waste management, recommending a 

gradual transition to high-value recycling to maintain financial feasibility. Value chain integration was 

also considered, identifying downstream processors for recovered materials. 
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In terms of recommendations, effective categorization of solar waste is crucial to avoid unnecessary 

administrative burden. A mandatory EPR scheme, value-based recovery metrics, coupling landfill re-

strictions with EPR, innovative reverse logistics techniques, and emphasis on innovative business mod-

els were recommended. These strategies aim to ensure effective solar waste management, maintain-

ing the green integrity of the solar industry and pushing for a circular approach to solar PV products. 

In conclusion, the thriving solar PV market in India necessitates a robust end-of-life management strat-

egy. Transitioning to a circular economy for solar PV products is essential for sustainable growth and 

resource efficiency.  
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7 /ƻƴŎƭǳǎƛƻƴ 

In conclusion, the webinar provided a multifaceted exploration of sustainability in the solar energy 

sector, spanning recycling practices, ESG considerations, PV module reuse opportunities, and waste 

management. Speakers offered valuable insights, ranging from the importance of design for recycling 

to the challenges and opportunities in establishing PV module reuse markets. By learning from expe-

riences in South Africa and India, the webinar aimed to contribute to a more sustainable and respon-

sible solar energy ecosystem globally. 

This report serves as a summary of the key discussions and insights shared during the webinar, offering 

a glimpse into the ongoing efforts and considerations in advancing solar energy sustainability. 
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