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Executive Summary  

In 2016, solar e-waste accounted for only 0.6% of the total e-waste globally. However, 

electrification is growing rapidly in East Africa, with off-grid photovoltaic capacity projected 

to reach a 1,000 MW by 2022. By 2050, should the panels last their full 25-year lifespans, it 

is projected that there will be 3.5 billion solar panels reaching their end of life globally. 

According to literature, by 2050, the raw materials recoverable from global solar e-waste is 

predicted to be over USD 15 billion in value. However, without proper management of solar 

e-waste in East Africa, this value may not be completely attainable, as these materials would 

instead be subject to open dumping or informal treatment by local waste management 

entities. Materials recoverable from off-grid solar products like panels and batteries include 

aluminum, steel, copper, plastics, lead and lithium. However, these products (especially 

batteries) also include heavy metals, flame retardants, and certain types of plastic casings, 

that may not be financially valuable and pose elevated risks to water resources, soil health 

and air quality. Both factors present the need for proper end-of-life (EOL) management 

processes of off-grid solar products. 

  

This paper examines the use of off-grid solar in East Africa and proposes solutions for the 

responsible end-of-life management of these products. The main sources of information are 

papers published on off-grid solar in East Africa, end-of-life management models used for 

off-grid solar in other parts of the world, and interviews with 10 relevant stakeholders in the 

off-grid solar industry, non-governmental organizations, international development bodies, 

and solar producers.  

  

Along with a literature review on the status of renewable energy (with a focus on off-grid 

solar in East Africa), a description of off-grid solar products, the health and environmental 

impacts of recycling them, and the financial models used to deploy them, this paper also 

contains a scenario analysis on the topic. This scenario analysis examines four future 

scenarios – a combination of high and low economic growth in East Africa with a high and 

low availability of natural resources for fuel – to determine how this would influence the off-

grid solar market and subsequently the end-of-life management of these products.  

In terms of recommendations on business models for end-of-life management, the paper 

looks at how end-of-life logistics vary based on the financing mechanism used for the 

products. The two main models examined are pay-as-you-go and up-front purchase of the 

products. In the former, the constant contact with the customer and the provision of energy 

as a service can be used to keep the products within the control of the producer. In the 

latter, customers must be provided with financial incentives to bring products back to 

collection points, or repair centers, to prevent materials from entering the informal waste 

management sector. While informal waste management has economic value for certain 

sections of the society, it leads to the improper management of materials that are not 
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perceived as valuable. Additionally, informal waste management does not require safety 

standards, leading to a health and environmental risk throughout the process.  

  

The two main barriers to effective EOL management of off-grid solar are the last mile 

problem and the lack of financial value from product recycling. Markets in East Africa that 

depend on off-grid solar tend to be highly decentralized, causing the logistical challenges of 

collection of products at the end of their lives to add to both the cost and feasibility of 

recycling. This last mile problem can be addressed with the collaboration of producers with 

local technicians and store owners to help them set up local collection and servicing points. 

The negative financial value of this chain stems from the fact that the recycling of products 

costs more than the value of the materials obtained on recycling, should recycling not occur 

at scale. This is especially expensive as certain products like lithium ion batteries require 

international shipment for processing.  

  

The paper proposes means of contribution for all the major stakeholders identified. While 

all stakeholders understand the need for responsible EOL management, producers have yet 

to fully integrate this into their business models and public entities are still in the process of 

implementing regulatory support for the same. To support the endeavours of this sector, 

this paper recommends that local governments keep track of the volume and quality of 

products being imported, setting consistent requirements akin to Extended Producer 

Responsibility1 schemes. An effort like this could encourage private entities to account for 

end-of-life management of their products for the right to operate. It also recommends that 

producers come together to form a pre-competitive Producer Responsibility Organization to 

design for modularity and use the services of third-party recyclers to be able to recycle at 

scale. Lastly, the paper recommends that industry researchers use product sales volumes 

from all producers to create projections of material flows and the subsequent EOL markets 

they could support. Recommendations for industry organizations suggest that they create a 

checklist and guide of best practices for producers to follow throughout their design, 

planning and operational periods.  

 

 

 

 

 

 

                                                
1 “Extended Producer Responsibility (EPR) is a policy approach under which producers are given a significant responsibility – 
financial and/or physical – for the treatment or disposal of post-consumer products.” http://www.oecd.org/env/tools-
evaluation/extendedproducerresponsibility.htm 
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Introduction 

Description of East Africa 

East Africa is a part of Sub-Saharan Africa and is made up of several countries, split into two 

regions: East Africa and the Horn of Africa. East Africa consists of Kenya, Tanzania, and 

Uganda. The Horn of Africa includes Somalia, Djibouti, Eritrea, and Ethiopia. The region 

consists mostly of plateaus and has a generally tropical climate with vegetation ranging from 

woodlands to grasslands. There are about 160 different ethnic groups among the people of 

East Africa, and they speak Afro-Asiatic and Nilo-Saharan languages, as well as Bantu.2 As of 

2019, the population of East Africa is 445,447,287 with a density of 66.81 people/km2 and a 

growth rate of 2.72%.3 Figures 1 and 2 show the GDP growth rates of the region, a promising 

sign of increased investment in East Africa. The government structure, as seen in Appendix 

1, can be illustrated by one or more of 3 bodies – COMESA, EAC, and IGAD.  

 

Figure 1: Regional economic growth in Africa (2016-19)4 

 
 

 

 

                                                
2 Low, D., & Marcus, H. G. (n.d.). Eastern Africa. Retrieved from https://www.britannica.com/place/eastern-Africa 
3 Worldpopulationreview.com. (2018, June 12). Eastern Africa Population 2019. Retrieved from 
http://worldpopulationreview.com/continents/eastern-africa-population/ 
4 Worldpopulationreview.com. (2018, June 12). Eastern Africa Population 2019. Retrieved from 
http://worldpopulationreview.com/continents/eastern-africa-population/ 
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Figure 2: Regional economic growth in East Africa (2016-19)5 

 
 

Energy and Economy in East Africa 

The East African Community (EAC) is one of the fastest growing regions (economically) in 

Sub-Saharan Africa. The largest economic sector in the region is agriculture, followed by the 

service and industry sectors. The growth in the economy is being accompanied by a growth 

in population and urbanization. However, the subsequent increasing requirement for energy 

access has not been met. The electricity grid is largely dependent on hydropower, but the 

effectiveness of this resource is dependent on stable rainfall to keep the rivers filled with 

water. Increasing variation in rainfall from climate change presents an opportunity for other 

forms of energy to enter the market. While in 2016, electricity contributed to less than 10% 

of the region's energy balance, this demand is expected to grow at a rate of 5.3% every year 

until 2020.  

 

Most of the region’s energy supply comes from wood and charcoal, with both being used for 

heating and cooking. Grid-connected renewable electricity accounted for 65% of the 

region’s total grid-connected power generation capacity in 2015 with the other 35% being 

accounted for by thermal-based power generation. The region is starting to acknowledge 

the advantage of promoting the growth of off-grid renewables. National institutional players 

in the region are looking at increasing off-grid solar energy to mitigate the effects of the 

fluctuating price of petroleum, poor electric grid infrastructure, negative environmental, 

health, and safety impacts from biomass, and poor energy security.6 Appendix 2 further 

                                                
5 Worldpopulationreview.com. (2018, June 12). Eastern Africa Population 2019. Retrieved from 
http://worldpopulationreview.com/continents/eastern-africa-population/ 
6 African Solar Design, CIRCDU, REN 21, EAC Renewable Energy and Energy Efficiency Regional Status Report. (2016). Retrieved from 
http://www.ren21.net/wp-content/uploads/2016/10/REN21-EAC-web-EN.pdf.pdf 
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details renewable energy targets in EAC States. Appendix 3 describes off-grid solar PV 

players in EAC States. 

 

East Africa has the lowest electrification rate in the world, with over three quarters of the 

region lacking access to electricity. However, the region has high levels of natural resources 

that would be conducive to renewable energy generation in the form of high solar 

irradiation levels, wind speeds, hydropower, and geothermal power in the Great Rift Valley. 

East African countries, especially Kenya and Ethiopia, are aiming to transition towards off-

grid energy to compensate for their lack of power infrastructure and their frequent inability 

to meet peak demand.7 The Kenyan government launched the National Electrification 

Strategy in December 2018, which with support from the World Bank aims to provide 

electricity to all Kenyans by 2022. This strategy has given due consideration to the role that 

off-grid, minigrid, and stand-alone solar systems will play in achieving this goal.8 

 

Despite the high dependency on non-local financing for renewable energy projects in East 

Africa, there is a high interest in renewables in the area. With the decrease in the cost of 

solar equipment, there has been an increasing need for reliable operational support and 

repayment mechanisms in the region for investors to move ahead with off-grid renewables 

(mainly solar and wind) projects. East African governments have also been involved in rural 

electrification projects (a factor that private investors must keep in mind as they design their 

cost structure), distribution models, and plans for maintenance and end-of-life 

management. The situation in Kenya is slightly different because Kenya is largely a market 

driven economy, allowing for the development of off-grid renewable energy solutions 

provided by private entities. There is both state-owned and private off-grid solar generation 

in rural areas (which will be discussed further in a later section), allowing Kenyan consumers 

to partake in off-grid renewable energy use.9 

 

Off-Grid Products 

The global association for the off-grid solar energy industry (GOGLA) classifies off-grid solar 

products into three main categories: portable lanterns, multi-light systems, and solar home 

systems (SHS). The capacity of these products ranges from < 1 Watt to 100+ Watts. The 

smaller systems provide basic services - usually a small light and maybe mobile device 

charging. The bigger systems have enough capacity for multiple household members to 

consume electricity at once, with even larger ones able to power appliances like fans and 

                                                
7 Gordon, E. (2018). The politics of renewable energy in East Africa. doi:10.26889/9781784671181  
8 Lighting Africa. (2018, December 21). Off-Grid Energy Has Key Role in Kenya’s New Electrification Strategy. Retrieved from 
https://www.lightingafrica.org/off-grid-energy-has-key-role-in-kenyas-new-electrification-strategy/ 
9 Gordon, E. (2018). The politics of renewable energy in East Africa. doi:10.26889/9781784671181  
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televisions.10 Further descriptions of the capacity, services and energy access provided by 

these products have been mentioned in Figure 3. Appendix 4 contains more information on 

product category definitions and Appendix 5 lists out examples of off-grid solar products 

currently on the market. 

 

Figure 311: Off-grid solar product capacity, services and energy access.  

 

Solar Device Projections 

From a global perspective, solar PV is expected to grow tremendously as seen in Figure 4. A 

report by the International Renewable Energy Agency (IRENA) combined data from the 

International Energy Agency’s (IEA) 2014 report, “Energy Technology Perspectives,” to 

develop the figure below. This exponential growth assumes that the costs of PV will 

converge globally, with an average cost reduction of 25% by 2020, 45% by 2030, and 65% by 

2050. By this roadmap, PV will provide 16% of the global energy needs in 2050.12  

 

 

 

 

 

 

 

 

                                                
10 GOGLA, Lighting Global, World Bank Group, & Berenschot. (2018). Global Off-Grid Solar Market Report Semi-Annual Sales and Impact 
Data (Rep.). GOGLA. https://www.gogla.org/sites/default/files/resource_docs/global_off-grid_solar_market_report_h1_2018-opt.pdf 
11 GOGLA, Lighting Global, World Bank Group, & Berenschot. (2018). Global Off-Grid Solar Market Report Semi-Annual Sales and Impact 

Data (Rep.). GOGLA. https://www.gogla.org/sites/default/files/resource_docs/global_off-grid_solar_market_report_h1_2018-opt.pdf 
12 IRENA, & IEA-PVPS. (2016). End-Of-Life Management: Solar Photovoltaic Panels (Rep.). 

https://www.irena.org/publications/2016/Jun/End-of-life-management-Solar-Photovoltaic-Panels 
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Figure 4: Project cumulative global PV capacity (IRENA 2016 and IEA 2014) 

 
 

The IEA projects that in the time-period 2017-2022, ~900 additional MW in the form of Solar 

Home Systems (SHS) will be added to the existing 350 MW of SHS capacity in Sub-Saharan 

Africa (numbers approximated from Figure 5).13 In addition to the potential customers in the 

off-grid market as shown in Figure 5, those located in unreliable-grid areas present 

additional market potential for solar PV. Although there is no standard on what defines an 

unreliable-grid customer, GOGLA states these to be households with electricity access for 

less than 12 hours per day.  

 

Figure 5: Additional off-grid PV capacity (MW) and additional initial access per year (million 

people) from solar home systems in Sub Saharan Africa, from 2016-2022. 

 
 

 

                                                
13 International Energy Agency. (2017). Market Report Series: Renewables 2017 (Market Report, Rep.). International Energy 

Agency. https://webstore.iea.org/market-report-series-renewables-2017 
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End-of-life management in East Africa 

 

Amongst the many products that exist in the off-grid solar space, there is a range in their 

lifetimes. As a whole, solar home systems typically last 3-4 years, but the panel component 

may outlive the rest of the system, with 15+ years of usability. It is notable that the sales 

volume of an organization cannot necessarily be used to predict the volume of the products 

that enter the waste stream.14 This is because the lifetime of these products is highly 

dependent on how the product is managed during use, availability of repair 

components/services, and the social life of the products. Interviews with Kenyan customers 

have touched on this concept of social life which explains that 15 once a product reaches its 

producer determined EOL, parts of the product may be put to other use, or customers may 

attempt to use informal expertise to help extend the life of the product.  Customers might 

have an emotional attachment to their products, may not want to part with something that 

has been a significant financial expenditure, and/or might believe that the product will have 

future value/use to them. Kenyan consumers see value in the parts of their solar products, 

something that should be taken into consideration as producers design centralized recycling 

schemes that would require customers to engage in product return.16  

 

The volume of solar e-waste in East Africa however has been rising despite the barriers 

mentioned above regarding the social lives of products. This is represented in Figure 6 

showing the growth of off-grid solar e-waste in Kenyan waste streams.  

 

As Figure 6 shows, a larger number of solar lanterns are a part of the waste stream as 
compared to small and large SHSs. However, Figure 7 shows that the material quantities for 
small SHSs are the largest fraction of the stream, followed by large SHSs and lanterns. This 
shows that the components for SHSs will be the most available for repair and make up the 
largest quantities for potential recycling efforts. 
 

 

 

 

 

 

 

 

 

                                                
14 Gordon, E. (2018). The politics of renewable energy in East Africa. doi:10.26889/9781784671181  
15 Cross, J., & Murray, D. (2018). The afterlives of solar power: Waste and repair off the grid in Kenya. Energy Research & Social 

Science,44, 100-109. doi:10.1016/j.erss.2018.04.034 
16

 Cross, J., & Murray, D. (2018). The afterlives of solar power: Waste and repair off the grid in Kenya. Energy Research & Social 
Science,44, 100-109. doi:10.1016/j.erss.2018.04.034 
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Figure 6: Growth in off-grid solar e-waste stream in Kenya by number17 

 
 

 

 

Figure 7: Growth in off-grid solar e-waste stream in Kenya by weight18 

 
 

Product Recycling 

Studies regarding the potential downstream markets available for more economically and 

environmentally sound EOL options for certain components of PV panels in Ethiopia have 

found that sending components to specialized recyclers is likely to increase the value of the 

refined material obtained, as opposed to treating materials using manual labor.19 

 

                                                
17 GOGLA, M-Kopa, & CDC. (2018) Off-grid solar e-waste management workshop 
18 GOGLA, M-Kopa, & CDC. (2018) Off-grid solar e-waste management workshop 
19 Manhart, A., Amera, T., & Belay, M. (2013). Solving the E-Waste Problem (StEP) Green Paper: E-waste Country Study Ethiopia (Rep.). 
https://archive.epa.gov/international/toxics/web/pdf/ethiopia-country-study.pdf 
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With panels currently being treated in general e-waste treatment facilities, they are treated 

in a separate batch in the plant. Materials like glass, aluminum and copper can be recovered 

at yields greater than 85% of panel mass for crystalline silicon panels. Dedicated panel 

treatment facilities would require regulatory and technical support to ensure that there is 

sufficient volume of panel waste generated, collected and sent to these plants so they can 

operate at scale and generate a profit. PV specific plants will have the capability to recover 

increased quality and quantity of materials from panels, increasing the cost and material 

recovery efficiency of the process.20 

 

A theoretical way to calculate the cost responsibility for EOL management of each panel sold 

can be obtained from the following formula.21  

 

Cost responsibility =  

PV tonnage put on the market (ton) * Presumed return rate (%) * Presumed disposal costs 

($/ton) 

 

Research by the International Renewable Energy Agency (IRENA) and IEA (International 

Energy Agency) found that, by 2030, the raw materials that are theoretically recoverable 

from panels will lead to a value of up to 450 million USD cumulatively, with a potential to 

approach 15 billion USD by 2050. PV panels will need to reach critical mass for specific panel 

recycling infrastructure to be profitable. Figure 8 shows the financial value of materials that 

can be recovered from off-grid solar e-waste recycling. Cost of e-waste management in 

Kenya has been used as a representative cost for the same in the East African region due to 

the lack of country specific information.  

 

 

 

 

 

 

 

 

 

 

 

                                                
20 IRENA, & IEA-PVPS. (2016). End-Of-Life Management: Solar Photovoltaic Panels (Rep.). 
https://www.irena.org/publications/2016/Jun/End-of-life-management-Solar-Photovoltaic-
Panelshttps://www.irena.org/publications/2016/Jun/End-of-life-management-Solar-Photovoltaic-Panels 
21 IRENA, & IEA-PVPS. (2016). End-Of-Life Management: Solar Photovoltaic Panels (Rep.). 
https://www.irena.org/publications/2016/Jun/End-of-life-management-Solar-Photovoltaic-
Panelshttps://www.irena.org/publications/2016/Jun/End-of-life-management-Solar-Photovoltaic-Panels 
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Figure 8: Cost of materials recovered from off-grid solar e-waste recycling22 

 

EOL Journey – Copper, Plastic, Glass 

The following is a description of the EOL journey of some of the main materials recovered 

from panels. Figure 9a details an overall cost structure of the EOL management of the 

products discussed in this paper.  

Copper 

Copper from the panels has one of the highest economic values, however, in the absence of 

specialized PV recycling facilities, copper is lost through open cable burning. This highly toxic 

process can be replaced by options like the mechanical liberation of copper or exporting 

insulated cables to specialized treatment facilities. This helps reduce the environmental 

impacts of managing copper and increases the value derived from the waste.  

The printed wiring boards (PWBs) and contacts from the panels contain hazardous 

materials, copper and precious metals. There are a handful of recyclers that can extract 

these precious metals from the boards and contacts, however their operations need to be 

sufficiently profitable to justify the transport of the components to their facilities.  

Plastic 

The plastic components of the panels are usually in the form of ABS (acrylonitrile butadiene 

styrene), polycarbonates and PVC (polyvinyl chloride). They tend to have a coating of 

brominated flame retardants that reduces the post-recycling value of the plastics. Per the 

                                                
22 Magalini, F., Sinha-Khetriwal, D., Rochat, D., Huismann, J., Munyambu, S., Oliech, J., . . . Mbera, O. (2016). Electronic waste (e-waste) 
impacts and mitigation options in the off-grid renewable energy sector (Rep.). 
https://assets.publishing.service.gov.uk/media/58482b3eed915d0b12000059/EoD_Report__20160825_E-Waste_Study_Final-
31.08.16.pdf 

 
 

https://assets.publishing.service.gov.uk/media/58482b3eed915d0b12000059/EoD_Report__20160825_E-Waste_Study_Final-31.08.16.pdf
https://assets.publishing.service.gov.uk/media/58482b3eed915d0b12000059/EoD_Report__20160825_E-Waste_Study_Final-31.08.16.pdf
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European RoHs-Directive23 new products cannot contain flame retardants, especially since 

mixing materials that are coated with flame retardants with those that are not can lead to 

cross-contamination. The most widely suggested solution to this is to use the recovered 

plastic materials from the panels in waste-to-energy plants or cement kilns that have off-gas 

treatment. 24 

Glass 

The cathode ray tubes (CRT) glass found in panels can be recycled to create new CRP glass, 

however the number of facilities that engage in this across the globe are limited. This glass 

can also be used in lead or copper smelters, but there are limited numbers of smelters that 

can process CRT glass. The existing facilities are not large enough to handle the amount of 

CRT glass that is already on the market. A more economically attractive option is to mix the 

glass with cement, an especially viable solution for emerging markets where there is a 

growth in the construction sector.25 The main caveat with this would be to ensure that the 

glass is free of contamination. 

 

Figure 9a: Cost of e-waste management in Kenya26 

 

 
 

Battery Recycling 27  

The end-of-life management of batteries takes priority as these are the most hazardous 

components of the systems under study, warranting highly specific treatment and disposal. 

                                                
23 http://ec.europa.eu/environment/waste/rohs_eee/index_en.htm 
24 Off-gas treatment systems make vapor streams that are contaminated by petrochemical or chlorinated solvent safer to release into the 
atmosphere.  
25 Wainwright, R. (2018, March 08). Construction sector sees growth due to emerging markets. Retrieved from 
https://www.worldcement.com/special-reports/08032018/construction-sector-sees-growth-due-to-emerging-markets/ 
26 GOGLA, M-Kopa, & CDC. (2018) Off-grid solar e-waste management workshop 
27 Manhart, A., Hilbert, I., & Magalini, F. (2018). End-of-Life Management of Batteries in the Off-Grid Solar Sector. Retrieved February 19, 
2019, from https://www.giz.de/de/downloads/giz2018-en-waste-solar-guide.pdf. 
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Current systems in place to manage end-of-life of batteries rely on the informal sector, with 

little importance given to checking the human and environmental impacts of the processes. 

The two main types of batteries used in these systems are lead acid batteries and lithium 

ion batteries. Details of the recycling process of both are presented below. Figure 10 

provides additional details about gel and AGM batteries. 

Lead Acid Batteries 

Although lead acid batteries are better suited for short power supply and are not ideal to 

store solar energy, they are used widely in the industry as they are easily available and have 

a low price. Waste from these batteries is collected and recycled globally. In emerging 

economies and developing nations, informal recyclers are engaged in the recycling process. 

These batteries can be traded across borders, however, under the Basel Convention on the 

Control of Transboundary Movement of Hazardous Wastes and their Disposal,28 they cannot 

move from developed to developing nations as they are classified as hazardous waste. 

Crude lead (lead ingots) are not classified as hazardous waste and can be traded across 

borders as they are not covered by the Basel Convention.  

 

Lead acid batteries are listed as one of the top ten sources of industrial pollutants.29 Upon 

recycling, the plastic in the batteries can be used to further create battery cases while the 

lead, once stripped of impurities, can be used in new lead-acid batteries. This closed-loop 

system is even more prevalent in developing countries and emerging economies where the 

lead is used in the manufacturing of several different products. This is one way that 

countries with low indigenous lead ores can increase the availability of the metal for 

manufacturing. This is especially useful for the automobile industry, as lead acid batteries 

are used in automobiles. For countries that lack lead ore resources, and to meet the rising 

demand for automobiles, this recycling of batteries is a profitable venture. Since lead acid 

batteries have a high lead content and have attractive prices on the world market as 

represented in Figure 9b, they are collected and recycled in all regions of the world, 

irrespective of available recycling infrastructure.30 

 

Formally established recycling plants in developed nations have low environmental and 

health impacts because of environmental, health and safety standards and technology to 

control and filter emissions, dust and waste. Developing markets, however, tend to have 

informal recycling plants due to the lack of financial resources to develop up-to-code 

infrastructure and the lower financial value offered in local markets for the recovered 

materials. In these plants, the batteries are broken down using hand axes with smelting and 

                                                
28 Convention, B. (n.d.). The Basel Convention at a glance... Retrieved from 
http://www.basel.int/TheConvention/Overview/tabid/1271/Default.aspx 
29 

 Blacksmith Institute, Green Cross (2012). The World's Worst Pollution Problems: Assessing Health Risks at Hazardous Waste Sites. 
Retrieved February 19, 2019, from http://www.worstpolluted.org/files/FileUpload/files/2012 WorstPolluted.pdf 
30 End-of-Life Management of Batteries in the Off-Grid Solar Sector, GIZ. Retrieved March 31, 2019, from  
https://www.giz.de/de/downloads/giz2018-en-waste-solar-guide.pdf 

http://www.worstpolluted.org/files/FileUpload/files/2012%20WorstPolluted.pdf
https://www.giz.de/de/downloads/giz2018-en-waste-solar-guide.pdf
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waste management occurring in unconfined spaces near residential environments. The 

entire process leads to the entry of lead and fugitive dusts into the immediate surroundings, 

soil, and water bodies. Water from the water bodies and contaminated soil are ingested by 

local populations (directly by children and indirectly through agriculture). The lack of 

standards and monitoring have a negative impact on the environment and health of people 

in the region. This is because the lack of a legal requirement will allow recycling facilities to 

operate in the most financially attractive manner, operations that are not likely to 

sufficiently control the emission of pollutants and hazardous materials. 

 

Figure 9b: World market price of lead-acid batteries 31 

 

 

Lithium Ion Batteries 

GIZ, a German development agency, has looked into the end-of-life management of 

batteries in the off-grid solar sector32, in particular, the recycling of lithium ion batteries. 

These batteries have low energy density and cost more than lead acid batteries. The 

recycling of these batteries leads to the recovery of nickel, copper, cobalt, and rare earth 

elements. The recovered cobalt and nickel help with profitability of the recycling of the 

batteries. Lithium-Manganese-Oxide (LMO) and Lithium-Iron-Phosphate (LFP) are the only 

lithium batteries used in off-grid solar systems. Unfortunately, LMO and LFP batteries do not 

have nickel, copper, or rare earth elements, making it economically unattractive to recycle 

them.  

 

There are a select few plants in the world (e.g. Umicore in Belgium33) that recycle lithium-

ion batteries. The cost of collecting and shipping these batteries for recycling significantly 

affect the economic feasibility of recycling the batteries. International regulations on the 

transport of batteries must be taken into consideration as well, especially since there is a 

threat of thermal runaway when the batteries are stored in shipping containers. 34 Thermal 

runaway is caused when batteries are subject to overcharging, high temperature and 

physical stress. It causes a positive feedback loop where the temperature in the battery 

increases, leading to fires, explosion of the battery, and/ or the release of toxic chemicals. 

                                                
31 End-of-Life Management of Batteries in the Off-Grid Solar Sector, GIZ. Retrieved March 31, 2019, from  
https://www.giz.de/de/downloads/giz2018-en-waste-solar-guide.pdf 
32  Manhart, A., Hilbert, I., & Magalini, F. (2018). End-of-Life Management of Batteries in the Off-Grid Solar Sector. Retrieved February 19, 
2019, from https://www.giz.de/de/downloads/giz2018-en-waste-solar-guide.pdf. 
33 Umicore. (n.d.). Retrieved from https://www.umicore.com/ 
34 What is Thermal Runaway? (2013, July 15). Retrieved from https://www.sure-power.com/2013/07/what-is-thermal-runaway/ 

https://www.giz.de/de/downloads/giz2018-en-waste-solar-guide.pdf
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One of the main concerns with the recycling of these batteries by the informal sector in 

developing countries is that they are likely to be mistaken for lead acid batteries and treated 

accordingly, causing fires and explosions. In the case that the recovery of material from the 

batteries does not make financial sense, they are likely to end up mixed with municipal solid 

waste (disposed in landfills or subject to open burning). 35 The hazards of these types of 

disposal methods are discussed the section Environmental, Health, and Safety Impacts from 

Recycling Solar Products. 

 

For additional details on expected lifetimes of all device components and on materials 

recovered from solar panels, refer to Appendix 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
35 Battery technology energising off-grid power solutions in East Africa. (2018). Retrieved from http://www.m-kopa.com/wp-
content/uploads/2018/04/M-KOPA-Light-Bulb-Series_Battery-Science.pdf 
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Figure 10: Types of batteries36 

 
 

 

 

 

                                                
36 Mozaw.com. (2019, February 3). The Best Solar Batteries for Your Solar Power System. Retrieved from https://mozaw.com/best-solar-
batteries/ 
https://mozaw.com/best-solar-batteries/ 



17 
 

Environmental, Health, and Safety Impacts from 

Recycling Solar Products 

 

The environmental and health impacts from improper recycling of these batteries are 

significant. Lead poisoning can lead to brain and kidney damage while sulfuric acid can cause 

burns and eye damage upon contact and leads to acidification of the environment. 

Acidification of the environment is a cause for concern as it leads to reproductive disorders 

in fish and affects the formation of shells in crustaceans.37 

 

Lead poisoning does not have clearly distinguishable symptoms and can sometimes be 

mistaken for an infectious disease. This provides leeway for plant owners and managers to 

shirk responsibility of the health effects and pollution caused by sub-par recycling. The most 

pressing concern with these batteries, in terms of safety, is the build-up of electrolytes 

during operation since it can lead to an explosion of the battery.   

 

In most low-income regions, waste management consists of low-technology sites where 

waste is dumped openly or left in nearby unoccupied areas. Most of the waste management 

budget (80-90%) goes to collection, with a minimal amount going towards disposal. Waste 

collection rates in low income regions is estimated to be ~47%.38 

Water 

Untouched waste in open dump sites poses a risk to water sources, from leachate entering 

ground and surface water, causing contamination. Lower income countries have higher 

fractions of biodegradable organic waste (~ 64% in 2012). The high water content of this 

type of waste increases the volume and acidity of the leachate produced, which transports 

dissolved and suspended materials from the waste stream into water sources. In addition, 

since this waste is most often placed near lower income and informal developments, the 

detriments from disposal affect the poorest populations disproportionately.39 

Air & Soil 

Waste is openly burned to reduce build-up, decrease hazards from disease vectors, and 

expose sellable materials - which is especially relevant for e-waste. In general, uncontrolled 

                                                
37 Ocean Acidification. (2017, July 18). Retrieved from https://www.nationalgeographic.com/environment/oceans/critical-issues-ocean-
acidification/ 
38 Hoornweg, D., & Bhada-Tata, P. (2012). What a Waste: A Global Review of Solid Waste Management (Rep. No. No. 15). 
https://siteresources.worldbank.org/INTURBANDEVELOPMENT/Resources/336387-1334852610766/What_a_Waste2012_Final.pdf 
39 Hoornweg, D., & Bhada-Tata, P. (2012). What a Waste: A Global Review of Solid Waste Management (Rep. No. No. 15). 

https://siteresources.worldbank.org/INTURBANDEVELOPMENT/Resources/336387-1334852610766/What_a_Waste2012_Final.pdf 
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burning of waste produces airborne emissions which can be inhaled. This is a major source 

of PM10 in regions that practice it regularly.40 

  

The more widely known environmental pollutants from most e-waste are from compounds 

exposed during (often crude) disassembly of the products: heavy metals, polychlorinated 

biphenyls, and brominated flame retardants. However, heating plastics (including polyvinyl 

chloride wire casings), and circuit boards generates another range of pollutants including 

chlorinated and brominated dioxin-related compounds. There is a substantial increase in 

human and environmental exposure from burning this waste. In a study on the Ghanian e-

waste site Agbogbloshie, the highest concentrations of pollutants known to be present in e-

waste were found in soils near areas that practice open burning, often by many orders of 

magnitude. Burning activities increase the toxicity of inhaled particulate matter, in addition 

to expanding their geographical range of impact.41 

Health 

Batteries aside, the quantities of hazardous materials in off-grid devices exist in very small 

concentrations. However, the East African region has a large, informal recycling sector 

which uses discarded materials as a source of income - breaking apart or burning items to 

extract metals to be sold. The vast majority of the informal recycling sector engages in this 

material extraction with little to no protective equipment. Although hazardous materials 

make up a small portion of solar devices, the close proximity and high frequency of 

exposure increases the concentration and rate of intake of these materials into the body. An 

indirect effect of exposure to these materials in the informal recycling sector is the transfer 

of particulates from the skin and clothing to family members. Even very small 

concentrations of certain materials can be harmful to human health and especially 

detrimental to childhood development.42 

  

In another study on the Ghanian e-waste site Agbogbloshie, researchers found that 

individuals working on the e-waste site had significantly higher concentrations of polycyclic 

aromatic hydrocarbon (PAH) metabolites, as compared to people without direct exposure to 

e-waste activities. PAHs can be exposed from e-waste via the melting/burning of printed 

                                                
40 Levis, J. W., Weisbrod, A., Van Hoof, G., & Barlaz, M. A. (2017). A review of the airborne and waterborne emissions from uncontrolled 

solid waste disposal sites. Critical Reviews in Environmental Science and Technology, 1547-6537. 

doi:https://www.tandfonline.com/doi/full/10.1080/10643389.2017.1342513 
41 Tue, N. M., Goto, A., Takahashi, S., Itai, T., Asante, K. A., Kunisue, T., & Tanabe, S. (2016). Release of chlorinated, brominated and mixed 

halogenated dioxin-related compounds to soils from open burning of e-waste in Agbogbloshie (Accra, Ghana). Journal of Hazardous 

Materials, 302, 151-157. doi:10.1016/j.jhazmat.2015.09.062 
42 Feldt, T., Fobil, J. N., Wittsiepe, J., Wilhelm, M., Till, H., Zoufaly, A., . . . Göen, T. (2014). High levels of PAH-metabolites in urine of e-

waste recycling workers from Agbogbloshie, Ghana. Science of The Total Environment, 466-467, 369-376. 

doi:10.1016/j.scitotenv.2013.06.097 
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circuit boards and plastics. High exposure to PAH is known to increase the risk of lung 

cancer43 

A note on salvaging materials 

Salvaging from waste streams is an important source of income – worldwide, the industry is 

worth 14.7 billion USD and helps to provide a living for 64 million people. In Africa, most 

scavenging falls within the informal economy. The e-waste economy includes (but is not 

limited to) the following roles: global agents and brokers, importers, warehouse managers, 

backyard processors, waste and metal intermediaries, itinerant buyers, waste pickers, small-

waste sellers, second-hand electronics markets, formal/informal industrial representatives, 

and exporters. The people in this sector are a mix of both full and part-time workers. In 

addition to providing direct financial support, the informal waste industry supports ancillary 

industries like device repair and food services for the community.44 Figure 11 describes the 

sale values of the device components in the Ghanian market Agbogbloshie. 

 

Figure 11: Market Prices of E-Waste Constituents 

 

Solar Policy and Industry Trends on Waste 

Management 

 

The recommendations made in this paper on end-of-life management solutions for solar e-

waste have been inspired by policies and programs that have been undertaken in other 

markets. This section discusses policy trends with regards to the end-of-life management of 

solar panels and related batteries in California, Washington, New York and the European 

                                                
43 Mastrangelo, G., Fadda, E., & Marzia, V. (1996). Polycyclic Aromatic Hydrocarbons and Cancer in Man. Environmental Health 

Perspectives, 104(11), 1166. doi:10.2307/3432909 
44 Grant, R., & Oteng-Ababio, M. (2012). Mapping the Invisible and Real "African" Economy: Urban E-Waste Circuitry. Urban Geography, 

33(1), 1-21. doi:10.2747/0272-3638.33.1.1 
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Union. It also talks about solar industry trends in Arizona and the Basel Convention that 

monitors the movement of hazardous waste.  

California 

In May of 2018, California became the first state to require solar panels on all new homes, 

and many cities in the state have also required some new buildings to have solar power. 

Additionally, by law, California requires that at least 50% of the state’s electricity come from 

non-carbon-producing sources by 2030 – currently solar makes up 16% of the state’s 

electricity mix in terms of capacity. This new requirement will cost homeowners about $40 

extra on their monthly mortgage payment, but save them about $80 on heating, cooling, 

and lighting. With about 800,000 new homes per year and 15,000 with solar currently, this 

new requirement will increase the number of solar installations by 44%.45 

 

With this increase in solar infrastructure, California also needs a plan for end-of-life 

management. Currently, the Silicon Valley Toxics Coalition (SVTC) is monitoring e-waste in 

the Silicon Valley and Bay Area of California. Since most panels last about 20 years, the SVTC 

has some time to build up programs for end-of-life before the current panels are used up. 

The SVTC has created a scorecard to assess the programs of solar producers and installers 

for creating and disposing of solar panels.46 The SVTC believes that companies must take 

responsibility for the lifecycle and impacts of their solar products by constantly innovating 

new materials/products, expanding recycling capabilities, and designing products with end-

of-life solutions in mind.47 

 

In 2015, California had passed a law that would encourage safe disposal of solar panels. This 

law, SB 489, designates used solar panels as universal waste, which is a type of hazardous 

waste that is commonly used in homes (i.e. televisions and batteries). By law, universal 

waste in California cannot be sent to landfills, however there are no guidelines specific to 

the EOL management of panels.48 

Washington 

The policy in Washington is similar to that in California and became the first state to pass a 

solar stewardship bill (ESSB 5939). This passed in July 2017 and requires manufacturers who 

sell solar products into the state to have EOL programs for their own products. Any 

manufacturer that does not have an EOL program in place will be unable to sell solar 

                                                
45California Product Stewardship Council. (n.d.). Solar Panels. Retrieved from https://calpsc.org/products/solar-panels/ 
46 Oancea, D. M. (2017, September 26). Companies That Recycle Solar Panels. Retrieved from https://bizfluent.com/list-7443829-

companies-recycle-solar-panels.html 
47 Larsen, K. (2009, August 3). End-of-life PV: Then what? - Recycling solar PV panels. Retrieved from 
http://www.renewableenergyfocus.com/view/3005/end-of-life-pv-then-what-recycling-solar-pv-panels/ 
48 Pickerel, K. (2018, April 2). It’s time to plan for solar panel recycling in the United States. Retrieved from 
https://www.solarpowerworldonline.com/2018/04/its-time-to-plan-for-solar-panel-recycling-in-the-united-states/ 
 

https://calpsc.org/products/solar-panels/
https://bizfluent.com/list-7443829-companies-recycle-solar-panels.html
https://bizfluent.com/list-7443829-companies-recycle-solar-panels.html
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products in the state after January 1, 2021. The state will set up regional solar panel 

takeback locations, charging only the product manufacturers for the program, if at all.49 

 

This is a promising bill to ensure that all panels that are sold have the support of recycling 

programs. With solar panel producers dependent on the market in states like California, it 

will benefit producers to be forward-thinking and account for EOL recycling in their 

planning, should similar bills come about in other states or nationally.50 

New York 

As of 2018, New York has been in the process of passing a bill similar to that of Washington. 

This bill, Bill S2837A would require that solar panel manufacturers collect panels for EOL. 

Ignoring the fact that such a scheme has been effective in the form of the WEE Directive in 

Europe (to be described further below), critics of this bill mentioned that producers would 

not be opposed to bearing the burden of recycling panels all on their own.51 

Europe 

The EU created legislation on waste batteries and incorporated it into the Batteries Directive 

with the goal of minimizing the negative impact of waste batteries on the environment. The 

legislation applies to all batteries regardless of material/chemical makeup, size, and design. 

To achieve this goal, the directive prohibits the marketing of batteries that contain certain 

hazardous substances, defines measures for collection and recycling, and outlines guidelines 

for labelling batteries and removing them from equipment. Additionally, the directive aims 

to improve the environmental performance of operators at every stage of the battery 

lifecycle. Producers are responsible for the waste management of batteries that they place 

on the market.52 

 

The European Waste Electric and Electronic Equipment (WEEE) Directive classifies EOL PV 

panels as electric/electronic waste. This requires producers who sell PV panels in European 

markets to oversee the EOL of their panels through Extended Producer Responsibility (EPR). 

The directive has led to the creation of schemes to meet minimum recovery targets for 80% 

reuse and 70% recycle of Category 4 EEE in 2018. PV panels are classified as Category 4.  

Consumers are allowed to return their WEEE free of charge, which aims to increase the 

                                                
49 Pickerel, K. (2018, April 2). It’s time to plan for solar panel recycling in the United States. Retrieved from 
https://www.solarpowerworldonline.com/2018/04/its-time-to-plan-for-solar-panel-recycling-in-the-united-states/ 
50 Pickerel, K. (2018, April 2). It’s time to plan for solar panel recycling in the United States. Retrieved from 
https://www.solarpowerworldonline.com/2018/04/its-time-to-plan-for-solar-panel-recycling-in-the-united-states/ 
51 Pickerel, K. (2018, April 2). It’s time to plan for solar panel recycling in the United States. Retrieved from 
https://www.solarpowerworldonline.com/2018/04/its-time-to-plan-for-solar-panel-recycling-in-the-united-states/ 
52 California Product Stewardship Council. (n.d.). Solar Panels. Retrieved from https://calpsc.org/products/solar-panels/ 
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recycling/re-use of these materials.53  

 

Another piece of legislation, the Restriction of Hazardous Substances (RoHS) Directive, 

further requires that heavy metals such as lead, mercury, cadmium, hexavalent chromium, 

and flame retardants like polybrominated biphenyls (PBB), be substituted for safer 

alternatives.54 This is relevant because some solar device systems contain a mix of these 

components, which can have negative environmental and health effects. 

 

E-waste legislation for each European country was revised in 2018. E-waste legislation 

originally created in the European Union in 2003 restricted the use of hazardous materials 

like lead and mercury in favor of safer alternatives.55 It was found that there was 

significantly more WEEE collected from private households compared to non-private 

households. Additionally, there were instances where the WEEE collected exceeded the 

amount on the market because not everything was reported.56 Since 2014, the collection, 

transport and treatment of PV panels have been regulated in every single European Union 

Member State. For example, in Italy, producers and importers of PV modules must register 

themselves with a certified consortium that can guarantee EOL management of PV panels. 

 

In Europe, there are currently some companies that have already established and adapted 

existing recycling infrastructure for PV panels. Deutsche Solar and PV CYCLE have both 

adopted decentralized strategies for material recovery and send the recovered materials to 

specific material recyclers. PV CYCLE was founded by the solar industry in Europe as a joint 

initiative to create high quality, comprehensive PV recycling at the EU level. PV CYCLE 

collaborates with industry associations, research institutes, national partners, 

manufacturers, and importers. In their Operational Status Report, they claim to have 

treated 9,548 metric tons of PV waste in Europe through their take-back and collection 

service.  

Arizona 

Two Arizona-based companies are working in the solar panel recycling market. First Solar 

has recycling facilities in Ohio, Germany, and Malaysia where currently most of their 

recycling operations manufacture scrap materials to use in other products. This company 

views recycling as an expense because they can usually purchase new materials at a lower 

cost than collecting recycled materials.57 

                                                
53 Penn, I. (2018, May 9). California Will Require Solar for New Homes. Retrieved from 
https://www.nytimes.com/2018/05/09/business/energy-environment/california-solar-power.html 
54 Penn, I. (2018, May 9). California Will Require Solar for New Homes. Retrieved from 

https://www.nytimes.com/2018/05/09/business/energy-environment/california-solar-power.html 
55Waste Electrical & Electronic Equipment (WEEE). (n.d.). Retrieved from http://ec.europa.eu/environment/waste/weee/index_en.htm 
56 Oancea, D. M. (2017, September 26). Companies That Recycle Solar Panels. Retrieved from https://bizfluent.com/list-7443829-

companies-recycle-solar-panels.html 
57 Oancea, D. M. (2017, September 26). Companies That Recycle Solar Panels. Retrieved from https://bizfluent.com/list-7443829-
companies-recycle-solar-panels.html 

https://www.nytimes.com/2018/05/09/business/energy-environment/california-solar-power.html
https://bizfluent.com/list-7443829-companies-recycle-solar-panels.html
https://bizfluent.com/list-7443829-companies-recycle-solar-panels.html
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PV Recycling was founded in 2009 in Arizona and works with solar panel manufacturers to 

use their third-party services. Companies do want to recycle and would much rather use a 

third-party company to handle it, but there are issues with protecting proprietary design 

and operational features that prevents this from happening. Third party recycling companies 

like PV Recycling that can overcome the sensitive nature of the industry will experience 

market growth due to high demand for solar energy in the U.S. and decreasing costs of solar 

when compared to nuclear energy.58 

Basel Convention 59 60 

The Basel Convention (formally titled the Basel Convention of Transboundary Movement of 

Hazardous Wastes and their Disposal) was developed in 1989 to protect human and 

environmental health from hazardous wastes. The convention prohibits trade of these 

materials between Annex VII countries (OECD, EU, and Liechtenstein) and non-Annex VII 

countries. In cases where an Annex VII country has signed a bilateral trade agreement with a 

non-Annex VII country, the movement of waste is exempt if the agreement includes 

provisions for “environmentally sound” treatment of waste. However, the state of being 

“environmentally sound” is not defined. 

 

Other components of the Basel Convention include additional restrictions on the 

transboundary movement of hazardous wastes, specifying that waste cannot be exported to 

Antarctica by any party that has not signed on to the convention or any entity that prohibits 

the import of hazardous waste.  

 

Regarding East Africa specifically, the Basel Convention has helped to prevent the 

movement of e-waste from developed to developing countries, protecting the East African 

region’s nascent recycling industry from an influx of hazardous waste. This type of waste 

requires more complex recycling infrastructure than is currently in place. The Basel 

Convention has also been helpful in moving e-waste from East Africa to more developed 

countries for environmentally sound management of this waste (e.g. Some Li-ion batteries 

have been sent from East Africa to Europe to be recycled). 61 

 

Unfortunately, the agreement is not without loopholes, both legal and illegal. Organizations 

can donate obsolete or barely functioning electronic equipment as a method of exporting 

                                                
58 Oancea, D. M. (2017, September 26). Companies That Recycle Solar Panels. Retrieved from https://bizfluent.com/list-7443829-
companies-recycle-solar-panels.html 
59 Convention, Basel. “The Basel Convention at a Glance...” Basel Convention Website, 

www.basel.int/TheConvention/Overview/tabid/1271/Default.aspx 
60 Bradley, Simon, and Simon Bradley. “E-Waste Casts Shadow over Basel Convention.” SWI Swissinfo.ch, Swissinfo.ch, 17 Nov. 2009, 

www.swissinfo.ch/eng/e-waste-casts-shadow-over-basel-convention/7663806. 
61 Grant, R., & Oteng-Ababio, M. (2012). Mapping the Invisible and Real "African" Economy: Urban E-Waste Circuitry. Urban 
Geography,33(1), 1-21. doi:10.2747/0272-3638.33.1.1 

 



24 
 

this material to other countries. In some instances, the waste brokers arranging these 

shipments group non-functioning or irreparable waste with the functioning products, 

sometimes accounting for 75% of the delivery volume. 62 While the recycling industry would 

need larger volumes of devices to reach a critical mass necessary for recycling, 

infrastructure development has yet to reach a standard that would ensure environmental 

health and safety. An example of waste causing human harm from immature infrastructure 

is e-waste recycling in the Chinese city of Guiyu. It is home to the recycling of e-waste from 

developed nations like the US because the cost for recycling is lower in China due to lack of 

regulations.63 

Business Models: Product Sales and EOL Management 

Pay-As-You-Go 

Off-grid renewable energy solutions are helping energy poor customers avoid spending a 

premium on small quantities of kerosene and disposable batteries for torches. These 

systems however are not very affordable for price sensitive customers, preventing them 

from changing the energy landscape in energy poor areas like East African countries. The 

pay-as-you-go (PAYG) model is an effective solution to this in the face of formal finance 

providers, loans, and leasing models not working out. The PAYG model relies on digital 

finance where, by paying a down payment for the product, a customer can use their phone 

to utilize mobile money or a mobile-based energy credit to pay for the service and 

eventually own the product. The model can also utilize the provision of energy as a service. 

This is when the products remain in the ownership of the device manufacturer, and 

customers only pay for the energy consumed from the products.  

 

PAYG works with mobile payment where solar producers collaborate with mobile money 

platforms that transfer money and proof of payment to the solar device, unlocking it for 

usage. This system can also help transfer data on product performance and customer usage. 

With the dispersion of mobile network coverage in these areas, this model not only ties in 

with existing infrastructure but also creates a positive feedback loop, as these mobile 

phones can now be charged using solar power.  

 

Another mode of payment is in the form of energy credits where customers pay cash to an 

agent of the PAYG company who in turn unlocks the solar device for usage. The PAYG model 

either allows the customer to own the product if they can complete the payment in large 

instalments or shifts the cost of ownership to the producer if customers chose to pay for the 

                                                
62 Robinson, B. H. (2009). E-waste: An assessment of global production and environmental impacts. Science of The Total 
Environment,408(2), 183-191. doi:10.1016/j.scitotenv.2009.09.044 
63 Watson, I. (2013, May 30). China: The electronic wastebasket of the world. Retrieved from 
https://www.cnn.com/2013/05/30/world/asia/china-electronic-waste-e-waste/index.html 
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energy as a service instead. The progression of the business model then influences the sales, 

servicing, and EOL management aspects of the supply chain. When customers choose to pay 

for the product in instalments, they will have the option to own it if they are able to pay it 

off. In that case, they will then have access to a source of free, clean energy. The main 

caveat with this model however is that customers will need financial incentives to bring 

products back to collection stations at the product’s EOL.  

 

The latter model, where energy is provided as a service and the products are owned by the 

producer, increases access of the products to high risk customers. This also provides 

producers with enough control on their products to upgrade them upon obsolescence, 

refurbish products when possible, and responsibly recycle all products. The flipside of this is 

that customers will have less incentive to focus on maintenance, reducing the value of the 

product for the producer.  

 

Another PAYG model mentioned describes a system where the hardware is owned by the 

producer throughout its lifetime. The producer sells their products to local distributors who 

have network in remote areas. The distributors are responsible for product installation, 

after-sales service, and selling top-ups. A top-up is purchased in the form of a card or mobile 

credit from the distributor to run the system until the customer has paid enough to 

permanently unlock (and own) the system. In cases where customers cannot pay enough to 

own the system, or stop paying for top-ups, they can return the systems back to the 

producers for EOL management.  This regular payment system develops customer loyalty 

and allows producers to expand their market and sell more products to these customers.64 

Appendix 7 contains more information on the presence of PAYGO players by country, and 

the geographic share of the PAYGO market. 

 

Figure 12 describes the use and EOL options for a PAYG model in which the customer can 

own the product after a number of instalments. Actions of the solar device company are 

colored orange. As seen from the diagram, with this PAYG business model, the company is 

very active past the point of sale. In addition to having the opportunity to incentivize 

customers with discounts, this model can help the company foster a dynamic of repair. The 

integration of the solar company in the lifecycle of this product gives them more control 

over the handling and EOL of the device. 

 

In models where the products are leased for the entire period of usage, the producer and 

installer will continue to have control over the maintenance and EOL journey of the 

products. This is commonly known as a pay-as-you-go model, as described earlier in the 

paper. This model allows for the producers to cut power supply from the panels in the case 

of a default on payments. It will also allow for consumer behavior to be driven by financial 

                                                
64 Komoto, K., Cunow, E., Breyer, C., Faiman, D., Megherbi, K., & Vleuten, P. V. (2012). IEA PVPS Task8: Study on Very Large Scale 
Photovoltaic (VLS-PV) Systems. 2012 38th IEEE Photovoltaic Specialists Conference. doi:10.1109/pvsc.2012.6317938 
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incentives provided by the producer. This can be in the form of offers like a discount on the 

last payment for energy credit if customers bring the products to collection points at their 

EOL. This provides the producer with an avenue to get involved in helping extend the life of 

the products. Producers and installers can help with after-sales service, modular repair and 

collection of products at the end-of-their lives, preventing them from entering the informal 

sector. While recycling of products is a value proposition for the informal sector, 

components of solar systems, especially batteries that are hazardous in nature, will have a 

lower environmental and social impact from being treated in specialized recycling facilities. 

The other issue with waste management by the informal sector is that informal collectors 

and recyclers will only extract valuable materials and not properly treat the other parts of 

the products.  

 

Figure 12: Schematic of the PAYG Model for Off-Grid Solar 
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Installation and Payment for Off-Grid Solar 

Products in large solar home systems are installed by trained technicians. These technicians 

also help with de-installation and control the end-of-life collection services of the products. 

This is another way to help retain the products in the producer’s supply chain for repair, 

refurbishment, or extraction of parts. The biggest drawback with these systems though is 

that products like large batteries require routine maintenance once or twice a year, forcing 

these systems to only be distributed in areas that have easy access to repair centers and 

technicians. Going forward, an increase in the prevalence of these systems will likely further 

the decentralization of repair and refurbishment services. 

 

The cost of an on-network payment system in the form of a GSM/M2M chip in the device 

for PAYG payment is not justifiable for all products, especially low-cost ones like solar 

lanterns. Systems for such products can involve paying by cash for energy credits and would 

be especially useful in areas that do not have mobile network coverage. This would prevent 

the producers from being able to obtain device performance and usage data. However, this 

would be an opportunity for the agents who serve as the providers of energy credit to 

function as collection points for customers to bring products back at EOL. Customers can 

then receive a small discount/credit on another device. For more information on the costs 

of off-grid solar products refer to Appendix 8. 

Up-Front Purchase 

The up-front purchase of the system by consumers is a different proposition in terms of the 

recycling chain and the role that the produces and installers play. Customers, especially in 

the East African market with limited awareness on the importance of proper EOL, must be 

provided with financial incentives to return their devices to established recyclers or 

collection points. One such option is to use petrol stations as deposit points. Due to the 

decentralized distribution of off-grid products, several producers have created ties with 

local retail stores and kiosks to sell products, utilizing a hub and spoke model for EOL 

management. These establishments act as drop-off points that consumers can return 

devices to once they are no longer functioning, receiving a small payment in exchange. 

Taking into consideration the fact the panels can last 25 years and may be used by more 

than one generation in a household, the financial incentive may involve replacing the 

product with a new one and offering a discount on this product. This will ensure customer 

retention, higher guarantees of product return, and stronger control for the producer over 

the entire value chain of their product. Being there for the customer when the product has 

reached the end of its life is the best means to ensure customer retention as it would be an 

opportunity to sell other products. 

 

Since the local stores and kiosks serve as communication and distribution points for 

producers, training mechanics in these establishments to help with repair is another 
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solution to consider. This will increase the lifetime of the products without producers having 

to worry about untrained technicians voiding the warranty or proprietary design 

information leaving their boundary of control of the producers.  

 

Another factor to keep in mind is that while consumers can bring small solar devices to 

designated drop-off points, products like solar panels that require specialized installers to 

install the panels, might need similar support to remove the panels as well. This will, once 

again, require local personnel trained by the producers for de-installation or can be done by 

contracting this out to local groups in the business of solar panel installation and 

maintenance. Since these local groups are likely to be involved in the end-of-life of the 

panels anyway, ensuring that the panels are brought to approved recyclers or drop-off 

points can be added to their list of responsibilities. This will take the burden off the 

consumer to be responsible for dismantling and carrying back large devices to drop-off 

points. It will also reduce the financial burden for producers to provide financial incentives 

for the same. Figure 13 is a representation of the movement of materials across this value 

chain. The main caveat with this model is that it would require that producers find that the 

financial burden of providing incentives for consumers to engage in product return should 

be compensated for by the consumer retention and materials extracted from recycling 

gained from this process. A third EOL model involving the role of retailers in this value chain 

is described in Appendix 12. 65 66 67 

 

                                                
65 Manhart, A., Hilbert, I., & Magalini, F. (2018). End-of-Life Management of Batteries in the Off-Grid Solar Sector. Retrieved February 19, 
2019, from https://www.giz.de/de/downloads/giz2018-en-waste-solar-guide.pdf 
66 Weckend, S., Wade, A., & Heath, G. (n.d.). End-of-Life Management, Solar Photovoltaic Panels. Retrieved February 19, 2019, from 
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2016/IRENA_IEAPVPS_End-of-Life_Solar_PV_Panels_2016.pdf. 
67 M-Kopa (2018). Battery technology energising off-grid power solutions in East Africa. Retrieved from http://www.m-kopa.com/wp-
content/uploads/2018/04/M-KOPA-Light-Bulb-Series_Battery-Science.pdf 
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Figure 13: Overview of Solar E-Waste Value Chain 

 

 

Appendix 10 describes a typical global e-waste value chain as described by GOGLA, 2017. 

Since mobile recycling plants are still in the prototype stage, they have not been included in 

this paper as a recommendation. However, further details on them can be found in 

Appendix 11. 

Producer Responsibility Organizations 

There is a need to recycle at scale to make recycling a profitable operation. One way to 

achieve critical volume is to have all producers and installers come together to send all their 

material to the same recycling facilities. This is not immediately feasible, however, because 

the design of products serves as a competitive advantage for producers in this market. Solar 

device producers like M-KOPA and First Solar have expressed during interviews that details 

like the exact composition of materials and cell structure is unique for each manufacturer. 

There is also the risk of certain producers and installers acting as free-riders if there is no 

allocation of responsibilities. Allocation of responsibilities can be in the form of 

organizations contributing to the EOL supply chain and infrastructure based on their volume 

of sales or import. In a marketplace burgeoning with solar producers, increased services for 
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product take-back and repair can serve as a competitive advantage for an organization 

trying to stand out based on service and product design.  

 

There is an opportunity for pre-competitive collaboration in this market. Producers can 

collaborate on educating the consumer on the need to return products or collect them 

separately at EOL, as there is no scope for sensitive information to come in the way of 

collaboration. This awareness can be based both on the financial value that can be derived 

from the proper EOL management of solar products and the health and environmental 

impacts of improper disposal or waste handling practices of these products.  

 

GOGLA can also serve as an unbiased third party, collecting market information from 

different producers and installers to come up with an aggregate e-waste stream volume to 

supply to third-part recyclers. This can then help recyclers plan their expenditure on 

infrastructure, human capital and transport and figure out the monetary value they will 

derive from the products they handle. 

Interviews with Industry Professionals 

Recommendations in this paper have been shaped by interviews with stakeholders who 

have expertise in or relevance to this topic area. 

Methodology 

Stakeholders were identified and selected based on their knowledge on solar recycling and 

off-grid solar in East Africa, as well as the use of policy and market-based tools for proper 

end-of-life management of hazardous materials. All interviews were conducted over the 

phone and involved questions that were chosen based on information obtained from the 

literature review the team conducted. The questions were altered for each interview based 

on the person’s expertise, field of work, organization, job title, and opinions on the topic. 

Each one was also asked for recommendations on other relevant stakeholders the team 

could contact as well as additional resources they could provide. Once the team started 

hearing similar recurring information, the interviews subsided, and analysis began. The team 

summarized each interview and picked out themes and common threads of information to 

create conclusions on the current state of off-grid solar and projections about where the 

market is headed and what solutions will be the most effective. 

Analysis 

A framework resembling ‘thematic content analysis’ was used to analyze the interview data. 

The interview transcripts were coded to identify key phrases and concepts. Code was 

validated by a team member that did not perform the initial coding. Using the validated 

codes, all team members identified themes. Themes expressed most strongly by each 
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person are stated in the Takeaways from Interviews section below. It was notable that the 

content of many interviews reinforced information gained from other parties. Overall, the 

interview content was a collection of opinions, industry knowledge, and predictions 

regarding the end-of-life management of solar e-waste.  

 

Appendix 9 contains transcripts of the interviews. Questions asked during interviews with 

each type of stakeholder include the following: 

1. How do you/your organization envision responsible EOL management for off-grid 

solar? What is the motivation for pursuing responsible management? 

2.  What are the barriers to achieving this (economic, social/behavioral, regulatory)? 

3. What regulatory framework do believe would be necessary to facilitate the 

aforementioned responsible EOL management? 

Takeaways from Interviews 
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Scenario Analysis 68 69 

Introduction to the Framework  

Scenario analysis is a tool used to envision possible future conditions of a current business 

landscape. This tool is especially useful when there is high uncertainty in economic, 

regulatory, environmental, or social situations. Scenarios are created based on potential 

combinations of variables that will influence market conditions.  

 

This scenario analysis exercise is looking at four different possibilities ten years from now, in 

2029. The four possibilities are based on economic growth in the East African region as well 

as the availability of natural resources for energy. Within each scenario, the presence of off-

grid solar in the market, related government policies, decisions of the business sector, and 

end-of-life management practices for off-grid solar products are described. This scenario 

analysis is done based on literature describing the effect of off-grid solar in the East African 

market and the natural resources that are currently used for energy.  

Framework   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
68 Martinez, N., Oliver, P., & Trowbridge, A. (2017). Cost-Benefit Analysis of Off-Grid Solar Investments in East Africa. Retrieved February 
19, 2019, from https://www.usaid.gov/sites/default/files/documents/1865/Cost-Benefit-Analysis-Off-Grid-Solar-Investments-East-
Africa.pdf. 
69 African Solar Design, CIRCDU, REN 21, EAC Renewable Energy and Energy Efficiency Regional Status Report. (2016). Retrieved from 
http://www.ren21.net/wp-content/uploads/2016/10/REN21-EAC-web-EN.pdf.pdf 
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Scenario 1: Low resource availability, high economic growth 

Description of scenario 

In this scenario, the economy has not grown sustainably. There has been a high 

consumption of natural resources that has helped the economy grow so far, however 

growth has not taken the long-term consumption of these resources into consideration. This 

has led to a situation where there is a low availability of the resources that have been 

historically used. 

● Natural resource availability in the region has decreased, likely due to climate 

change. This has decreased the regional availability of energy, and increased the 

price of grid and traditional energy sources 

○ Sources of grid energy: hydropower 

○ Sources of traditional energy: wood, charcoal 

The economic growth in this scenario has led to increased wealth in the population. 

 

Implications for off-grid solar 

● With grid and biomass energy now more expensive, the solar sector (both microgrids 

and off-grid products) will now be more financially competitive because of the 

reliable availability of solar as a resource. 

● The expansion of solar into unreliable-grid regions will provide the people in these 

areas with more hours of higher quality lighting. 

● Due to the high economic growth in this scenario, residents that are financially well-

off can be targeted with more energy intensive and expensive devices like solar TVs. 

This will drive solar device companies to expand their range of products offered in 

these markets, increasing their profit margins. 

● The potential for off-grid solar’s growth in this scenario may also encourage solar 

device producers and designers to invest in technological innovation for improved 

performance and design of their products. This could be in the form of increased 

performance efficiency motivated by the potential to obtain a competitive 

advantage. 

● With the high potential for growth of solar, producers may consider vertically 

integrating their supply chain to increase their local presence. This would mean 

consolidating their distributors, installers, repair technicians, and recycling facilities. 

This may lead them to buy up local small businesses and further help the economy. 

● Providing communities access to lighting generally has a positive feedback on the 

economy. This could be in the form of providing more lighting for students. 

 

Implications for EOL management  

● If new devices like solar TVs are entering the market, producers and/or the 

government will be pressured to increase the recycling infrastructure and supply 

chains needed for their EOL management. This might happen as materials derived 

from these devices upon recycling will have higher financial value.  
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● In this scenario, the government will have greater access to public funds generated 

by increased taxes from more affluent populations. The government will use these 

funds to invest in local recycling, collection, enforcement, and monitoring. 

 

Recommendations 

• Focus on design for effective EOL management to maintain a competitive advantage 

over other companies in this growing market  

o Anticipate peer pressure or future government regulation for EOL 

management of imported products 

o Design for modular replacement, which would help with faster and easier 

dismantling 

o Design for common recycling and/or repair 

o Reduce the presence of hazardous materials to avoid environmental and 

health impacts in sub-par recycling facilities in emerging markets as 

mentioned by Athina Kyruakopoulou (Phenix Recycling) 

o Increase ease of recovery of valuable materials to make recycling financially 

attractive 

• With the increase in products entering the market, monitor the quantity and quality 

of materials entering the country 

o Regulations on materials that can and cannot enter the country: require 

product declarations for import 

o Create a database/national registry of products entering the country. Ensure 

that producers take responsibility for EOL management proportional to their 

volume of import and sales 

 

Scenario 2: High resource availability, high economic growth 

Description of scenario 

In this scenario, the economy has experienced high growth, and the natural resources 

continue to support business as usual. This scenario can be hypothesized as being at the 

turning point on the Kuznet’s curve. The Kuznet’s curve is an economic theory that describes 

consumption of environmental resources. The curve shows that when economies are early 

in their growth, they have a negative impact on the environment. However, as the 

economies grow, money can be invested in the environment and environmentally beneficial 

technology, which supports restoration.70  

● The availability of natural resources and the infrastructure to utilize it has driven high 

economic growth.  

                                                
70 The Environmental Kuznets Curve. (2018, March 02). Retrieved from https://www.intelligenteconomist.com/environmental-kuznets-
curve/ 
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○ Sources of grid energy: plentiful water resources have made hydropower 

prevalent - small dam creation has expanded to areas farther from city 

centers, expanding the capabilities of grid and microgrid energy to more 

remote regions.71 

○ Sources of traditional energy: high economic growth has reduced 

consumption of biomass for energy as healthier sources of energy are now 

affordable. 

● In this scenario household energy consumption is high, as strong economic 

performance has allowed people to upgrade to larger and more energy intensive 

appliances. 

● Per the Kuznet’s Curve referenced earlier, natural resources are managed 

sustainably with strong federal and local policies. They are expected to be able to 

continue supporting increasingly energy intensive lifestyles. 

 

Implications for off-grid solar 

● Populations located away from the urban sprawl and burgeoning grid systems still 

rely on biomass. The better financial standing of rural populations will make them a 

target of the off-grid solar industry, although with high resource availability, solar 

will be competing with other sources of energy. 

● While the off-grid solar industry traditionally competes on being an affordable 

energy source, in this scenario of high economic growth and high resource 

availability, other sources of grid and off-grid energy may be able to out-compete 

solar based on reliability of supply and price. Solar will now have to rely on other 

features to maintain a competitive advantage. These can be in the form of more 

attractive payment models, ease of product installation, and customer service.  

● The size of PV panels in demand will grow due to increasing energy intensity from 

larger appliances. Larger appliances are likely to be used in this scenario as 

customers will have higher purchasing power. 

 

Implications for EOL management  

● Larger panels will make customer returns/producer take-back more logistically 

challenging. 

● Without high demand for organizations like GOGLA (from the limited number of 

solar producers with significant market presence), the importance given to EOL 

management may decrease.  

● With an emphasis on environmental restoration, based on this region’s position on 

the Kuznet’s curve, policies regarding environmental protection are likely to be more 

stringent. In light of this, off-grid solar companies will shift their products towards a 

design that makes them easier to recycle. If mandates require producers to recycle 

                                                
71 IEA report: Partner_Country_SeriesChinaBoosting_the_Power_Sector_in_SubSaharan_Africa_Chinas_Involvement 
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within their own supply chains, companies will design their products in a way that 

makes the extraction of valuable material easier.  

 

Recommendations 

• Since solar is not the dominant off-grid energy source, generating forecasts of future 

solar waste volumes will help manage waste cost effectively.  

o Create a forecast of future e-waste volume as a function of data on sales of 

products (volume), weight of products, and their lifespans. 

o Obtain sales and product data from producers, anonymize it and disseminate 

the forecast based on this aggregated data to help with local and trade policy 

creation and infrastructure development. 

• Coordinate with local panel de-installers to bring the products back to collection 

centers. 

o For larger devices or devices that require specialized installation support. 

o Installers are easy to integrate into a producer’s value chain as their services 

have already been contracted by the producer and they have access to 

decentralized customers. 

• Collection at common, easily accessible points like food centers and gas stations. 

o Hub and spoke model: Collection at a common drop-off point servicing 

customers in a fixed radius.   

o Most effective for PAYG where customers can be provided with monetary 

incentives on product return. 

• Integrate GIS software with the GSM required by PAYG devices to ensure that solar 

remains a favorable source of energy in this landscape of environmental restoration. 

o Keep track of product use patterns to decide on the type and prevalence of 

technical expertise required for EOL management in different areas. 

o Know when products have reached EOL to ensure they are brought back to 

collection points or are collected. 

o Digital platforms used for maintenance of products can be used to monitor 

time-lines and causes of EOL to use for future planning, policy creation and 

infrastructure development. 

 

Scenario 3: Low resource availability, low economic growth 

Description of scenario 

In this scenario, the economy of this region has struggled to support its existing agriculture 

sector (productivity is decreasing), and business development has grown stagnant. 

● As temperature and weather extremes increase due to climate change, depleting 

natural resources are adding stress to an economically stagnant region. 
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○ Sources of Grid Energy: Droughts have decreased foreign investment for 

hydropower in the region 

○ Sources of Traditional Energy: Biofuels have remained widely prevalent. 

Purchased biofuels have become more expensive, leaving an increasing 

number of communities without access to energy. In addition, concerns of 

future availability of biofuel sources (e.g. wood, feces) have risen.  

 

Implications for off-grid solar 

● There will be a larger need for off-grid solar, but most homes will only be able to 

afford smaller devices like lamps and radios and inexpensive panels. 

● The efficiency of PV panels may be impacted by increasing water scarcity, as it will be 

time and resource intensive to obtain the water to clean them. 

● Few new off-grid solar companies have entered the market. To spur the interest of 

these companies, federal and local governments are not likely to impose many 

regulations on responsible supply chain management and disposal. 

 

Implications for EOL management 

● The smaller devices this market will now require smaller panels, making it unlikely 

that the waste will reach a critical mass for a centralized recycling program. 

● With projections of solar e-waste appearing to be a small fraction of the total waste 

in this region, organizations will not be proactive in addressing their EOL 

management. 

● The East African countries will maintain tariff exemptions for off-grid solar products 

to support electrification and prevent competitors from leaving the market. 

● Companies in the off-grid solar industry may collaborate to keep distribution and 

installation within their own operations. These businesses will compete more on 

product efficiency than services (e.g. post-installation support).   

● With low economic growth, employment rates of blue-collar workers might  

decline. If this happens, these workers may enter the informal recycling sector in 

search for sources of income 

○ Off-grid solar companies can benefit from providing these workers with 

training to transition a part of the informal recycling community into the 

private sector’s recycling network. This effort can prevent the companies 

from being perceived as taking away an economic resource (i.e. a part of the 

e-waste stream) from individuals in the informal recycling sector. 

 

Recommendations 

• Combine e-waste streams to increase volume because this is only profitable at scale 

as mentioned by Sukhwant Raju (First Solar) and Jeffrey Stottlemeyer (CLASP). This is 

crucial in this landscape where there is a slow growth in the volume of solar 

products. 
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o Collaborate with mobile phone providers and other providers of electronic 

items who service the bottom of the pyramid.  

o Common e-waste collection points for third party recycling. 

• Coordinate with solar kiosk operators/ retailers. 

o Teach local solar kiosk operators how to work with Microfinance Institutions 

and help customers meet their needs. 

• Train locals to work in producer - authorized repair centers as mentioned by Dan 

Stoker (M-Kopa) and Declan Murray (University of Edinburgh). 

o Repair technicians at certified stores. 

o Mobile repair technicians to solve the last mile problem. 

 

Scenario 4: High resource availability, low economic growth 

Description of scenario 

In this scenario, the natural resources of this region are plentiful but economic growth is 

stagnant. Businesses and foreign investors are interested in the East African region as they 

see market potential. They are supported by a federal landscape that is trying to appeal to 

private investors. 

● Biomass resources have historically been used, but various renewable energy 

markets remain largely untapped 

○ Sources of Grid Energy: Coal provides most of the energy for traditional grid 

systems, supplemented by pre-existing hydropower. 

○ Sources of Traditional Energy: The low price and plentiful supply of biomass 

resources have made the use of wood and coal easy to access. 

 

Implications for off-grid solar 

● In this low economic growth scenario, it is likely that many customers will be 

financially unstable. A larger fraction of the customer base will use the PAYG model 

for smaller devices as they will not be able to make up-front payments. 

● The off-grid solar industry will be dominated by a small number of companies. 

Industry organizations like GOGLA will not be prevalent because of the lack of 

players in the space.  

 

Implications for EOL management 

● The high resource availability and presence of other sources of energy may become 

more affordable than paying for off-grid solar. If solar is struggling to be competitive, 

it will be more difficult to reach a critical mass of components to invest in local 

recycling infrastructure.  
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Recommendations 

• Producer Responsibility Organizations 

o Collaboration of producers and installers to develop pre-competitive design 

ideas, decide on materials used to make recycling financially attractive, 

consumer awareness on the need for responsible EOL 

• Combine e-waste streams to increase volume because this is only profitable at scale. 

This is crucial in this landscape where there is a slow growth in the volume of solar 

products. 

o Collaborate with mobile phone providers and other providers of electronic 

items who service the bottom of the pyramid.  

o Common e-waste collection points for third party recycling. 

 

The following is a table of recommendations aggregating all the suggestions that have been 

provided for EOL management in the four scenarios.  

 

Microsoft 

Excel Worksheet 	 
 

Conclusion  

There are currently no external regulations mandating the responsible management of solar 

products in East Africa, and the lack of market drivers for EOL management are not being 

compensated for by regulatory drivers. At this nascent stage of the deployment of off-grid 

solar in East Africa, there is scope for all involved stakeholders to figure out how to make 

the business case for EOL management. It is up to industry organizations, governments and 

international environmental and health safety bodies to make industry take the financial 

and logistical aspects of EOL management into consideration from the initial stages of their 

existence.  

 

With solar e-waste accounting for 0.5% of the total volume of e-waste generated,72 local 

governments will need to create any future repair and recycling regulations accordingly. 

These regulations will need to account for the price elasticity of the customers being 

targeted with off-grid solar products, excluding solar from EOL initiatives for other products 

that generate a positive financial value on recycling. EOL management frameworks will need 

to be created specific to the off-grid solar industry to best manage the resources in the 

value chain and reduce their impacts on the local environment. Policies will also need to be 

consistent across the various government bodies that deal with solar at different points in 

                                                
72 https://www.gogla.org/sites/default/files/resource_docs/energy_access_through_off-grid_solar_-_guidance_for_govts.pdf 
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its value chain, right from bodies that handle the import of the products to environmental 

ministries that work on EOL management.  

 

The various players in this space must come together to realize their role in future-proofing 

this industry. Interviews with device manufacturers M-KOPA and First Solar have 

emphasized the need for critical mass in order to reach profitable recycling of products. 

Organizations like the UNEP and USAID are pushing for more policy focused support, to 

ensure the waste can be managed with the infrastructure available. Industry focused groups 

GOGLA and Clasp have put their attention towards collaboration across the sector for to 

create guidelines and best practice frameworks, while NREL has been dedicated to technical 

research on product use and disposal. This will require understanding product demand and 

use patterns of the customers, collaborating with local informal waste management entities 

and remaining cost competitive with other sources of energy. An example of a successful 

industry collaboration has been on the issue of marine ecosystem pollution from fast-

moving products. Companies have realized that although they compete on aspects of their 

business, like product quality and service, collaboration is necessary for each organization’s 

actions to have a significant impact. In the case of marine ecosystem pollution, a group of 

about 30 companies (including Dow, Procter and Gamble) have launched a platform for 

collaboration called the Alliance to End Plastic Waste. This alliance, one of many in today’s 

increasingly plastic-averse business environment, has dedicated $1 billion towards recycling 

and clean-up efforts.  

 

In terms of next steps, all producers should look at the e-waste toolkit, currently in the 

creation stage at GOGLA (as mentioned by Athina from Phenix Recycling), before designing 

future business plans. Local governments in the region should continue to meet at regular 

intervals to figure out how best to attract private investment for affordable EOL 

management and how to define import and right to operate regulations so that producers 

and installers are held accountable for their products. Holding producers and installers 

accountable has proven promising in industries with other potentially hazardous materials. 

The state of Connecticut’s EPR law for mercury thermostats drove a mandatory thermostat 

collection program that was able to increase the state’s mercury recovery rate from 17 to 27 

lbs a year.73 The informal waste management sector is a resource brimming with potential 

that producers can utilize for collection across wide networks and knowledge of local 

markets, while ensuring that local waste handling is taking place in a safe manner.  

 

Should Duke or similar educational institutions have the capacity, it would be worth 

engaging with the customers to better understand what financial incentives will work for 

them to partake in product return. Solving the last mile problem, both in terms of product 

access and collection at EOL, will require a better understanding of consumer perceptions of 

                                                
73 Product Stewardship Institute (PSI). (n.d.). Retrieved from https://www.productstewardship.us/news/328753/Extended-Producer-
Responsibility-Programs-Proven-Successful-in-Connecticut.htm 
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product and service value. To seriously consider recycling as an EOL management option, 

educational institutions would need better data on the material flows and the cost 

structures of recycling in this region.  

 

  



43 
 

Glossary 

DFID: Department for International Development 

EAC: East African Community 

EOL: End-of-life 

EPR: Extended Producer Responsibility 

GOGLA: Global Off-Grid Lighting Association 

IEA: International Energy Agency 

IRENA: International Renewable Energy Agency 

PAH: Polycyclic Aromatic Hydrocarbon 

PV: Photovoltaic 

SHS: Solar home system 

SVTC: Silicon Valley Toxics Coalition 

USAID: United States Agency for International Development 

WEEE: Waste Electric and Electronics Equipment 
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Appendix 

 

Appendix 1: Government Structure in East Africa 

 

The governmental structure in these countries can be illustrated through one or more of the 

following bodies. 

 

Common Market for Eastern and Southern Africa (COMESA) 

COMESA is a regional organization of 19 African Member States, with its headquarters in 

Lusaka, Zambia. Its mission is to “endeavor to achieve sustainable economic and social 

progress particularly in trade, customs and monetary affairs, transport, communication and 

information, technology, industry and energy, gender, agriculture, environment and natural 

resources.” 

 

East African Community (EAC) 

The East African Community (EAC) is a regional intergovernmental organization of 6 partner 

states: The Republics of Burundi, Kenya, Rwanda, South Sudan, Uganda and the United 

Republic of Tanzania, with its headquarters in Arusha, Tanzania. 

 

Intergovernmental Authority on Development (IGAD) 

The Intergovernmental Authority on Development (IGAD) is a body of eight member states: 

Djibouti, Ethiopia, Kenya, Somalia, South Sudan, Sudan and Uganda (Eritrea is currently 

inactive), and is based in Djibouti.74 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
74 USAID. (2018, November 29). East Africa Regional Fact Sheets. Retrieved from https://www.usaid.gov/east-africa-
regional/newsroom/fact-sheets 
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Appendix 2 75:  Renewable Energy Targets in EAC States 

 

 
 

 

 

 

 

 

                                                
75 African Solar Design, CIRCDU, REN 21, EAC Renewable Energy and Energy Efficiency Regional Status Report. (2016). Retrieved from 
http://www.ren21.net/wp-content/uploads/2016/10/REN21-EAC-web-EN.pdf.pdf 
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Appendix 3 76: Off-Grid Solar PV players in EAC states 

 
 

 

 

 

 

 

 

 

 

 

 

 

                                                
76 African Solar Design, CIRCDU, REN 21, EAC Renewable Energy and Energy Efficiency Regional Status Report. (2016). Retrieved from 
http://www.ren21.net/wp-content/uploads/2016/10/REN21-EAC-web-EN.pdf.pdf 

 



47 
 

 

Appendix 4: Product Category Definitions77  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
77 Dalberg Advisors, Lighting Global, GOGLA, & Energy Sector Management Assistance Program. (n.d.). Off-Grid Solar Market Trends Report 
2018 (Rep.). https://www.lightingafrica.org/wp-content/uploads/2018/02/2018_Off_Grid_Solar_Market_Trends_Report_Full.pdf 
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Appendix 5: Examples of Off-Grid Solar Products 

 

Portable 
Lantern78 

  

D.Light’s S500 
Mobile Charging 
and Light device, 
designed with 
portability in mind 

Multi-Light 
System79 

  

Greenlight 
Planet’s Sun King 
Home 120, which 
includes 3 high 
power fixed lights 

Solar Home 
System80 

  

The M-KOPA 600, 
capable of 
powering a 24 
inch Flat Screen 
Digital TV 
(included) 

 

 

Most off-grid products are purchased in cash or paid for with a method (to be described in 

detail later) called Pay As You Go (PAYG). As Figure 2 shows, smaller systems (< 3 watts) are 

typically paid for in cash. For larger, more expensive systems (> 3 Watts), PAYG is the 

dominant payment method. Another possible financing option for larger systems is a micro-

loan, but the East African market is dominated by PAYG (Appendix 3).81 

 

 

 

 

 

 

                                                
78 (n.d.). D.light S500 Mobile Charging Light. Retrieved from https://www.dlight.com/product/s500/ 
79 (n.d.). Sun King Home 120. Retrieved from https://www.greenlightplanet.com/shop/home-120/ 
80 (n.d.). M-KOPA 5 Solar Home System. Retrieved from http://www.m-kopa.com/products/ 
81 GOGLA, Lighting Global, World Bank Group, & Berenschot. (2018). Global Off-Grid Solar Market Report Semi-Annual Sales and Impact 
Data (Rep.). GOGLA. https://www.gogla.org/sites/default/files/resource_docs/global_off-grid_solar_market_report_h1_2018-opt.pdf 
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Appendix 6: More on Solar Recycling 

Product Recycling  

In order to understand the end of life options available for the components of an off-grid 

solar system in East Africa, it is essential to first examine the technicalities of the recycling 

process of the products. Different parts of the systems have different lifetimes and material 

compositions. 

 

Figure: Life-time and material compositions of off-grid solar power installations. 82 

 
 

The following is a summary of the process of recycling of solar panels, lithium ion batteries 

and lead acid batteries, the material recovered in this process and the economics behind 

this process. 

 

Solar Panel Recycling83 84 85 

There has been an increase in the global production of solar panels leading to a decrease in 

component prices. This has made room to include the cost of decommission, collecting, and 

recycling panels into the Levelized Cost of Electricity of the panels. Although the European 

Union and California are the only regions with formal systems for independent recycling of 

solar photovoltaic panels, other countries such as Japan and China are looking into the 

proper collection, recycling and treatment of panels at the end of their lives. There is also a 

                                                
82 Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH. (2018). End-of-Life Management of Batteries in the Off-Grid Solar 
Sector (Rep.).https://www.giz.de/de/downloads/giz2018-en-waste-solar-guide.pdf 
83 Sinha, P., Raju, S., Drozdiak, K., & Wade, A. (2017). Life cycle management and recycling of PV systems. Retrieved February 19, 2019, 
from https://www.pv-tech.org/technical-papers/life-cycle-management-and-recycling-of-pv-systems 
84 Weckend, S., Wade, A., & Heath, G. (2016). End-of-Life Management, Solar Photovoltaic Panels. Retrieved February 19, 2019, from 
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2016/IRENA_IEAPVPS_End-of-Life_Solar_PV_Panels_2016.pd. 
85 Marsh, J. (2018, December 11). Solar Panel Recycling in 2019: How it Works | EnergySage. Retrieved from 
https://news.energysage.com/recycling-solar-panels/ 
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new international standard for PV modules (NSF 457) 86that covers product end-of-life take-

back and recycling. 

 

PV module recycling is classified into bulk recycling and high-value recycling. Bulk recycling 

recovers high-mass materials such as glass, aluminum and copper while high-value recovers 

bulk materials as well as semiconductor and trace metals. The process of high-value 

recycling primarily consists of removing the metal frame and junction box, delamination and 

obtaining the glass and metals from the module through recovery processes. The rest of this 

paper will discuss barriers that influence the cost structure of PV recycling; however this 

section will only touch on that from a technology and materials recovery perspective. 

 

PV panels are made up of the following components that can be reused after recovery 

(Appendix 5). The average lifetime of a panel is currently 25 years with average user 

patterns. Crystalline silicon panels currently make up two-thirds of the panels manufactured 

globally. Crystalline silicon PV panels are made up of: 

● 76% glass 

● 10% polymer 

● 8% aluminum 

● 5% silicon 

● 1% copper 

● < 0.1% silver 

Thin-film copper gallium indium diselenide (CIGS) and cadmium telluride (CdTe) panels have 

greater amounts of glass at 89% and 97% respectively.  

 

Figure: Mass of Components by Power Capacity87 

                                                
86 N. (2017, January). Sustainability Leadership Standard for Photovoltaic Materials. Retrieved February 19, 2019, from 
https://global.ihs.com/doc_detail.cfm?document_name=NSF 457&item_s_key=00745029 
87 Sinha, P., Raju, S., Drozdiak, K., & Wade, A. (2017). Life cycle management and recycling of PV systems. Retrieved February 19, 2019, 
from https://www.pv-tech.org/technical-papers/life-cycle-management-and-recycling-of-pv-systems 
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Since this study is focused on off-grid solar installations, the decommissioning requirements 

put forth for utility-scale solar such as land remediation will not be touched on. Looking 

purely at the economics of dismantling the panels, the cost of recycling the panels is 

justified if the value of the scrap metal, trace and semiconductor metals exceed the 

investment in the recycling process (infrastructure, health and environmental safety 

provisions, human capital, collection). The recycling process for panels is tedious, mainly 

because of the way the panels are built. Separating out the components is more resource 

intensive than finding uses for the recovered materials.  

 

Depollution Requirements in Europe 

Depollution requirements - the content of hazardous substances in output glass fractions 

shall not exceed:88 89 

- Pb: 100 mg/kg (dry matter) 

- Cd: 

○ Si-based PV: 1 mg/kg (dry matter) 

○ non-Si-based PV: 10 mg/kg (dry matter) 

- Se: 

○ Si-based PV: 1 mg/kg (dry matter) 

○ non-Si-based PV: 10 mg/kg (dry matter) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
88 Sinha, P., Raju, S., Drozdiak, K., & Wade, A. (2017). Life cycle management and recycling of PV systems. Retrieved February 19, 2019, 
from https://www.pv-tech.org/technical-papers/life-cycle-management-and-recycling-of-pv-systems 
89 European Committee for Electrotechnical Standardization. (2017). Collection, logistics & treatment requirements for WEEE - Part 6: 
Report on the alignment between Directive 2012/19/EU and EN 50625 series standards and EN 50614 (Rep.). 
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Appendix 7: Presence of PAYGO players by country, and geographic share of the PAYGO 

market90 

 
 

Appendix 8: More on the Cost of Off-Grid Solar 

 

The instalments charged in the PAYG model are typically 10-15% of the flat system cost. By 

the time the system is owned, the client pays approximately 15-30% more for the product 

than if it were to be purchased upfront with cash. These additional costs cover not only the 

device, but services and risks that companies take on in the PAYG model. 

 

The use of the PAYG model has different impacts based on the size of the solar system it is 

being used for. Portable lanterns have a retail value of $15-$60 and can be leased to 

customers such that they can pay it off over 3 -12 months.  

 

Multi-light systems that contain 3-4 lights, can charge a mobile phone and power a few 

small direct current appliances, costing $80-$150. These are leased under 12-18-month 

payment plans. The battery capacity typically depletes after 2 years, so even though the 

technical lifespan of the whole system is 3 years, customers do not have the option of 

replacing the battery themselves. Therefore, the providers only offer a 1-2-year warranty on 

these systems.91 

  

                                                
90 Dalberg Advisors, Lighting Global, GOGLA, & Energy Sector Management Assistance Program. (n.d.). Off-Grid Solar Market Trends Report 
2018 (Rep.). https://www.lightingafrica.org/wp-content/uploads/2018/02/2018_Off_Grid_Solar_Market_Trends_Report_Full.pdf 
91 International Energy Agency. (2017). Market Report Series: Renewables 2017 (Market Report, Rep.). International Energy Agency. 

https://webstore.iea.org/market-report-series-renewables-2017 
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Large solar home systems consist of solar panels above 30 Watts in size. The lead-acid 

batteries in these systems can support 10 lights, and 12V direct current appliances (e.g. 

televisions). These systems range from $200-$1000 in price and require the support of 

digital finance to stay accessible to energy poor customers. They require 2-3 years of 

financing. 

 

Appendix 9: Interviews with Industry Professionals 

 

The following are summaries of the interviews we conducted with people from off-grid solar 

companies, utility scale solar companies, as well as NGOs and industry organizations. 

Opinions and new information obtained through this stakeholder engagement exercise have 

helped shape the recommendations proposed by this paper and have provided a holistic 

perspective of current challenges and feasible solutions. 

 

Sukhwant Raju, First Solar 

Recycling of material requires volume. Until then, it will be a cost for the consumer to 

dispose of panels and batteries properly, as the value of the material generated will not 

compensate for the cost. Cooperatives or industry organizations will be required to obtain 

material at a high enough volume to recycle at scale. The cost of collection of the panels and 

the devices needs to be taken into consideration and, since the houses are very 

decentralized, the system will need collection points or a formalized collection team for this. 

 

To encourage consumers to bring products back, they will need to be provided with 

monetary incentives. Recycling will only work if the cost of recycling is less than the cost of 

landfilling. 

 

Using high-value recycling, the components that can be extracted from solar panels are 

aluminum from the frame, copper from the junction box, plastic from the junction box, 

semiconductor materials form the panels and glass from the panels. High-value recycling 

however would require a full-fledged plant that would require investment from the 

installers and cannot be done with the limited capacity that informal recyclers have. 

 

Another solution to deal with the decentralized nature of the market is to have mobile 

recycling plants. This however will require a longer-term outlook as to have enough volume 

at each location to recycle with no net loss will require high market penetration. 

 

Low value recycling can be done by training the local people on how to recycle or repair 

products. Informal recycling can also be involved in the extraction of parts from devices; 

however, this will have negative health and environmental consequences without the 

incorporation of appropriate technology and safety measures. 
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A timeline-based policy with a recycling target would be good motivation for installers to 

ensure recycling of their products. It would also help to start this is off as pilot programs in 

certain parts of the country to see how the supply chain model works out and if recycling is 

technologically and economically feasible. 

 

It is worth bringing back panels to the manufacturers as the parts will be reused at the plant. 

This however may not always be the most economically feasible solution. 

 

One of the biggest roadblocks to recycling in East Africa is that there is no regulation 

requiring it, so installers don’t feel the need to spend their money on it. The government 

can be involved in the collection process by having municipal collection systems to collect 

these products instead of trying to provide individual monetary incentives to consumers to 

bring the products back to collection points. This might work out to be more cost effective. 

  

Parikhit Sinha, First Solar 

Usually the issue of not having enough volume for recycling comes from the panels being 

long-lived and recently deployed. This however is not as much of an issue in East Africa as 

the panels may not be installed as well and may be shorter lived due to poor maintenance. 

Smaller parts of panels will not get reused for the most part.  Some equipment such as 

diodes, cabling and frames can be replaced, however new panels are affordable and there is 

still not enough incentive to recycle or refurbish panels.  

 

For the recycling of panels to succeed, PV panel manufacturers should have a timeline for 

the decommissioning of panels and be aware of what local laws need to be complied with 

for disposal and recycling. These manufacturers however are not in great financial shape 

and may not be able to honor the warranty to take care of the damage during the life of the 

panel/system. Sanitary landfills are required in East Africa in the case that devices end up in 

the landfills. These landfills would be designed to hold waste and prevent the effluents from 

leaching. 

  

Hind Il Idrissi, UNEP 

Kenya has had general waste management policies such as a ban on the use of plastic bags. 

There is a strong commitment form the government on this, with single use plastics as their 

next target. 

 

A system similar to the bottle bill system where customers are paid for bringing their 

products to collection points would serve as a financial incentive to bring products back for 

recycling. The greatest challenge comes from the fact that all the systems are different, and 

the same recycling infrastructure and technological expertise will not work for all of them. 

Industry standardization of product design would help with this but that is not likely to 

happen as product design serves as a competitive advantage. 
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One financial model that would help increase the control that the installer has on the 

systems would be for the consumers to only pay for the electricity that they use, and the 

installers/ producers have complete control on the systems. This would mean that the 

installers/producers would be responsible for complete management of all the parts of the 

system at the end of life. 

 

One way to control the quality of the batteries entering the market, thus controlling the 

environmental and health impacts at end of life, is to work with government customs offices 

to set minimum standard requirements for the batteries. 

 

The materials derived from recycling batteries, panels and devices at the end of their lives is 

a huge source of income for informal recyclers. 

 

Athina Kyriakopoulou, Phenix Recycling 

Off-grid solar does not form a significant portion of the e-waste problem. Phenix Recycling is 

a provider of responsible waste management solutions in the form of consultancy and 

collection services in Eastern and Southern Africa.  They provide doorstep collection for e-

waste with simple pricing mechanisms for collection. They manually dismantle the products 

and sell the products that have markets at local and international scales. Phenix Recycling is 

a one stop shop for responsible waste management. They match waste with correct 

recyclers in a transparent manner i.e. they do due diligence when it comes to the recyclers, 

making it easier for companies to match with recyclers. They collect e-waste, transport the 

waste to the recyclers, engage in light processing and dismantling and transport the 

materials to the final partners who do the recycling. If they don’t find satisfactory local 

recyclers, they will send the products abroad for recycling. They have both small- and large-

scale partners that are reviewed and audited constantly. Due diligence of the operations of 

their partners helps Phenix ensure that they are following best practices. Phenix is in a 

position of tracking all the waste they send out and monitoring what’s happening with it. 

 

The main problems faced with end-of life-management are that of environmental safety, 

cost and brand risk exposure (i.e. if products that were meant for recycling get resold 

instead there is a loss of quality as the product continues to exist with the same brand name 

outside of the control of the producer. This leads to a loss of trust in the brand name.) 

 

One of the biggest challenges is that off-grid solar has slim profit margins and paying for 

disposal is currently not accounted for in the price of the product. A solution provided to 

make recycling more economically viable is to involve the informal sector in collecting the 

non-valuable parts and only have formal recycling infrastructure for the valuable parts so 

they can enter the market. 
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GOGLA (an industry association for off-grid solar in East Africa) where Athina works 

currently is launching a 6-part e-waste toolkit on e-waste management in the off-grid space. 

 

The net value of lithium based solar home systems and solar lanterns is negative. There is no 

way to monetize e-waste of the systems since only some components like copper cables 

have value. Lead acid-based systems might have some positive value because of the lead 

acid battery but that depends on the standard of recycling. Used lead acid batteries are not 

allowed to leave Tanzania to protect local industry i.e. so local recyclers can be involved in 

recycling them. These recyclers however do not have effluent protection and lead fume 

protection. 

 

The plastics in solar systems are thermoset plastic that don’t have a local market. The more 

these plastics are recycled, the harder to gets to recycle them further and the fewer uses it 

has. There is a small market for recycled plastic and with the waste import ban in China 

there is no longer a market to sell this low-priced material. 

 

PCBs (printed circuit boards) and lithium batteries are shipped to Belgium to Umicore 

Recycling with the batteries being purchased at $1.75 per battery. The PCBs are of low 

quality and their value upon recycling can only offset the cost of their transport to Belgium. 

There is not enough volume of PCBs sent to this center, making this an expensive process 

since economies of scale cannot be achieved. 

 

Copper is obtained from cables by burning off the plastic casing on the cables. This helps 

recycle the cables but also leads to the production of plastic waste. 

 

Solar panels are big components of off-grid solar systems, with big players in the market 

that claim to recycle panels. Panels are recycled by stripping of the aluminum frame, 

breaking glass off and recycling it. 

 

When installers are looking at recyclers for of end-of-life management of their products, 

they are not looking to see if the recyclers genuinely have the expertise required. They are 

mostly looking to make sure they don’t incur a financial loss from this partnership. 

 

Another challenge is the black market. Consumers want to spend their money on brand 

name products that they trust and have a guarantee of high quality. Should these products 

end up in the secondary market, this will tank the brand name of the organization and ruin 

the intangible value-proposition of the producer. Thus, producers are seeing the need for 

Extended Producer Responsibility and monitoring what happens to their products at end-of-

life. 
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In East Africa, there is scope for a distributed network of technicians who can repair and 

refurbish products. Companies however are hesitant to provide specialized knowledge to 

these technicians as they believe that they might tamper with the products and void the 

warranty. This is especially an issue for products that are on a pay-as-you-go scheme or 

where the company might be interested in product take-back at end of use. Companies that 

are not on a pay plan can afford to provide parts to these technicians to promote a culture 

of repair and refurbishment. There is room for skill development among these technicians, 

however this will only become economically viable once the cost of repair (training, parts, 

wage) becomes significantly lower than the cost of buying new components. 

 

There needs to be policy improvement and conversations around Extended Producer 

Responsibility (EPR) bills. The issue with implementing this from a government perspective 

though is that the government does not want private companies making money from 

recycling. Private companies are also hesitant to leave this up to the local government as 

they believe that the government will not appropriately handle the money collected from 

the EPR process. 

  

Drew Corbyn, GOGLA 

Larger solar home system kits have more intrinsically valuable materials that can be sold to 

recyclers. Many products are sold on a pay-as-you-go basis and this helps with continued 

engagement with the consumer. These products tend to have trackers so the installers know 

where the systems are and can receive electricity generation, consumption and 

preventative maintenance alerts. This continued contact makes takeback viable. The life of 

some products however is longer than the payment plan so this doesn’t work for all 

systems. 

 

The other issue is that recycling infrastructure isn’t always available locally. Lead acid 

batteries can be recycled locally but lithium batteries need to go to recyclers in Belgium and 

China. The lithium batteries are less toxic, and the batteries are stockpiled and brought back 

to Belgium to be recycled. 

 

It makes economic sense to aggregate recycling infrastructure with installers coming 

together to pool in resources for common recycling infrastructure. He believes that 

companies will see that this an important solution in the long-run. He also suggested that 

going through a third-party to act as the common recycler would help with the 

confidentiality issues with respect to the technology design privacy issues. 

 

Extended Producer Responsibility (EPR) is a good option for the future but is not on the 

industry agenda just yet. India has a Producers’ Responsibility Organization (PRO) that is a 

network of informal collectors and repair centers to collect e-waste and send it to recyclers. 
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For consumers to be involved in product recycling an incentive is required for the 

consumers to bring products back to collection points. This could be in form of 5% discount 

on the next product which can be communicated to consumers by tagging this on the 

product at the time of sale. 

 

Items have an inherent value at the end of their life and consumer education on this will 

increase consumer return of products. The recycling, repair and refurbishment supply chains 

have a huge potential for jobs. This would require technical specifications to be made 

available to local technicians to involve informal recyclers in the process. Governments and 

NGOs would serve as better players to step in and perform training for consumers and the 

informal recycling sector until industry players see the value in forming an industry 

conglomeration for combined EPR. 

 

When companies take back products and refurbish it to sell to secondary markets, 

companies should notify the new consumers that the products are usable and refurbished. 

The first step in this entire process is to figure out the logistics of takeback and then decide 

what end of life solution works best. 

  

Daniel Stoker, M-Kopa 

M-Kopa is a Kenyan solar energy company with headquarters in Nairobi. They sell solar 

home systems in Kenya, Tanzania and Uganda. The company has around 60 shops across 

Kenya that not only sell products, but also provide services for customers to bring their 

devices back for repair. The stores have local technicians trained by M-Kopa to deal with 

customer issues. They currently don’t pick up products from customers or have field 

technicians and require customers to carry devices back to registered stores. This practice is 

followed since the devices, panels and batteries are easy enough to de-install and carry 

around. M-Kopa however might revisit this if they expand the scope of their device range to 

include larger, harder to carry devices like televisions. All the products that they put on the 

market are covered under warranty with a two-year warranty on products like televisions, 

panels and batteries and a one-year warranty on smaller products like solar radios and 

torches.  

 

M-Kopa currently takes back faulty items and gives customers a replacement that is usually 

a refurbished product. They have a 75-80% rate of repair on damaged products that they 

then put back on the market. The incentives for customers to bring back malfunctioning or 

old products is that they will be provided with a new, refurbished product at a lower price. 

M-Kopa is keen on making sure that they are able to retrieve all products back from 

customers for two main reasons. One is so that the they can help ensure that the products 

continue to work, and customers don’t use malfunctioning products as a reason to default 

on their payments. Another is because if the products are sold to the customers on credit, 

the customers will gain full functionality of the product once it’s fully paid off. This would 
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make them a high credit risk to sell a new product as they will already have the services of 

the first product and are more likely to default on their payment for the new product. A core 

part of M-Kopa’s business model is to maintain a long-term relationship with their 

customers and sell them multiple products in a year as well as continuously upgrade their 

products.  

 

M-Kopa works using a centralized repair center where products come back for examination 

and to be fixed. If technicians are not able to understand the root cause of the 

malfunctioning, products are then sent to an external third-party recycler. To ensure that 

customers always bring back products at the end of use, customers have the option of 

bringing back products at any time and receiving a discount on their next purchase. Products 

are swapped out for free if they’re within the warranty period.  

 

Another issue with customers not bringing their products back to authorized repair centers 

is that they might instead sell these products to informal recyclers who might not only 

disassemble the product in facilities that do not follow environmental and health safety 

regulations, they might also chose to refurbish these products and sell them on the 

secondary market. This business model poses a threat to the off-grid industry as the poor 

performance of a device containing an organization’s name will reflect badly on the quality 

of products produced by that organization. This is especially harmful in the East African 

market where a lot of weight is given to the brand name as customers are willing to make 

this investment only for products that they perceive as reliable.  

 

In terms of collaborating with competitors on end-of-life management, there is a push by 

GOGLA for the industry to get together and figure out how to manage hazardous materials, 

batteries and the transport of these products to responsible recyclers. The main issue being 

faced by the industry is that of lack of volume, a criteria that is essential for recycling at 

scale and not imposing a cost on the business. Organizations in the industry are also 

concerned with proprietary design and operational information being disclosed, making it 

challenging to make this a pre-competitive space. One of the first steps being taken in the 

direction of working together has been to collaborate on performing due diligence on 

recyclers. To combat the issue of low volumes available for specialized recycling, the 

industry is also looking into collaborating with organizations that produce various types of e-

waste to increase the volume of the e-waste streams in East Africa.  

 

M-Kopa has the capacity to monitor the performance of their batteries and is hoping to use 

this data to understand how to improve the performance and extend the lives of their 

batteries. They are also looking to increase their scope of collection and take-back as well as 

penetrate deeper in the East African market to increase the reach of their products. To 

achieve this, M-Kopa is looking to adopt a last mile service model to help with improved 

collection and take-back. 
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Garvin Heath, NREL 

Garvin leads an international group of experts who are working on the EOL management of 

solar PV. The group of people that he is working with consists of people from Europe, the 

United States and Asia in a program called PV Power Systems Program under the 

International Energy Agency (IEA). He mentioned that there is a growing interest in the 

United States on EOL management of PV modules, especially regarding recycling. 

 

With regards to off-grid markets, he brought up that the only economical solution to PV 

recycling would be to have high volumes of products and low margins. This would be 

especially challenging in off-grid markets as transportation across long distances while 

carrying low volumes would be a huge contributing factor to the cost. The East African 

market also lacks technologies required for panel collection, storage, dismantling and 

manifesting and does not have policy requirements for waste classification. In terms of the 

value derived from panel recycling, he said that it is mostly the big bulky items (frames, 

copper, glass) that from which value can be derived. Once the polymers, adhesives and glass 

are removed, the frames will be of reasonable quality and can be used in other industries 

but not for panels since this would require other components for the modules. PV design 

and technology are also constantly evolving, making it easier to re-use the main recyclable 

material, the frames, for other purposes. The rest of the module is hard to separate and 

liberate, with highly valuable metals like silver being present in a small mass fraction. The 

main focus with panel recycling at a commercial scale is to remove toxic materials like lead 

and deal with the bulk materials.  

 

With the cost component of recycling not being attractive for utility scale or off-grid 

installers, the one way to ensure that customers and producers do not seek out cheaper 

options like landfilling is to require recycling through a mandate. This mandate would then 

push the number of panels for recycling to a large enough quantity for recycling to reach 

economies of scale and become cost effective. There are very few companies that 

voluntarily recycle to align with their brand value and commitment. Most are not prepared 

for end of life management of their products and have not given any thoughts to reserving 

or allocation funds for the same.  

 

Considering whether PV modules, that are treated as electronic waste in Europe, can be 

recycled in recycling facilities with other electronic waste, it seems like the size and form of 

the panels might be a hindrance. Modules tend to bigger in size and have different form 

factors as compared to personal electronics. They are also put together differently and must 

be shredded and separated to get them into a form similar to general e-waste. There is also 

the fact that not every e-waste recycler would want to take on a new type of customer. 
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The use of tariffs on panels to develop end-of-life infrastructure, while not feasible in East 

Africa due to the price sensitive nature of the customers, is not as unrealistic an option in 

developed markets. Tariffs would serve as a signal to the investors setting up the recycling 

facilities that there will be a fund in place to help with recycling in the future. 

 

One of the main concerns regarding the recycling of PV modules in developing markets is 

the health and environmental consequences of improper recycling practices. While a 

mechanical approach to recycling modules will produce particulate matter that will lead to 

respiratory problems, thermal processes (on polymers and metals) can lead to air borne 

exposure and chemical methods will lead to contact with strong acids.  

 

Garvin’s group under the IEA is conducting a study on the human health effects of PV 

panels, focusing on three risks. The first risk, the risk of fire, looked at what is emitted when 

PV modules catch fire. It concluded that the risks don’t appear to be high, especially since 

incidences of panels catching fire are not common. The second risk was regarding the 

breakage of modules in the field. These modules when exposed to rain would produce 

leachate that eventually getting into the groundwater, soil or be inhaled. This assessment 

also showed that the concentration of the chemicals under consideration do not appear in 

any of the exposure pathways and are not greater than the screening limits. The last risk 

that they are yet to consider is that from recycling and occupation hazards.  

 

 

Figure: Fire Hazard Study92  

 
 

                                                
92 Sinha, P., Heath, G., Wade, A., & Komoto, K. (2018). Human heath risk assessment methods for PV, Part 1: Fire risks (Rep.). 

International Energy Agency (IEA) PVPS Task 12, Report T12-14:2018 
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Jeffrey Stottlemeyer, CLASP 

CLASP focuses on appliance energy efficiency and has recently moved into end of life 

management in the off-grid solar market. Their current research and engagement with 

producers in the space has indicated that volumes of solar PV panels generated in East 

African markets are not high enough nor are the market value of materials generated high 

enough to make the financial case for local PV recycling.  

 

Molly Doyle, USAID 

The United States Agency for International Development (USAID) team focusing on off-grid 

electrification in East Africa is focused on solar home systems in Sub Saharan Africa, working 

with countries in the region. The companies that they are working with are starting to 

develop an interest in the long-term industry legacy they are leaving behind in the countries 

that they are working in. These countries currently lack infrastructure for the management 

of e-waste and recycling and only have provisions for basic waste management in urban 

areas. These off-grid producers and installers are finding that it is hard to reach last mile 

customers for initial sales and after-sales maintenance. Adding the cost of the collection of 

products at their EOL (in terms of the cost of labor and transport) is currently not a 

financially feasible solution. The hub and spoke model however seems to be working for 

certain producers to collect products at their EOL. In this model, they offer customers 

incentives such as upgrades on products returned to centralized company kiosks, repair 

centers or headquarters or discounts on future products when they return used products.  

 

Molly’s team is focusing on sustainable battery technology as well, working to increase the 

adoption of lithium ion batteries over lead acid ones and creating new systems with the 

option of modular repair and battery replacement. Solar home systems are currently built to 

prevent tampering, preventing the customer from being able to open it up and tamper with 

it. With this model making it hard to swap out the battery, a modular model will reduce the 

need to discard the entire system upon failure of one or parts of the system. Currently only 
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local management of batteries is happening in the form of informal traders buying up 

batteries from customers and selling it to recyclers, making a small profit in this transaction. 

 

She and her team are also working with a group at USAID that is working with the 

Department for International Development (DFID) on the policy side of e-waste 

management in East Africa. This group regularly convenes government representatives from 

the five East African governments to discuss e-waste policy regulations and develop initial 

commitments to put in place national policies to manage e-waste. This group of government 

representatives also meets independently to see what issues are moving forward with 

regards to standards on e-waste management. East African governments have sometimes 

attempted to take big steps such as imposing an e-waste tax on imported electronics and 

imposing a tax the import of electronic products. However, these initiatives have usually 

backfired as this affects the pricing models of the private businesses dealing with highly 

price-sensitive customers therefore disincentivizing these businesses from operating in 

these regions. 

 

Declan Murray, The University of Edinburgh 

Declan is a PhD Candidate at the University of Edinburgh, who has conducted extensive 

research on the idea of repair in the solar e-waste landscape.  

  

There is minimal distinction in the hardware design of off-grid products from different 

producers - many use the same initial supplier in China and a very similar design. The 

sensitive information that these companies are most concerned about is actually in the 

cloud - information on consumer information and payments - there is not very much 

sensitive information in the system itself. Currently, their certified affiliate companies 

(organizations like lighting global certification or GOGLA) do not have a strong culture of 

repair because the focus is on maintaining a consistent product performance level, balanced 

with accessible cost.  

 

Most the off-grid companies are quite young and competing for investments. This makes 

them a bit reluctant to share quantitative data like cost differences, modelling what a repair 

conscious business would look like, failure rates, etc. A culture of repair could be difficult to 

foster because the focus of these companies is on selling more products to existing 

customers, and getting new customers, not necessarily on keeping products for longer. The 

culture of repair is stronger in specific areas, typically more rural. 

 

Generally, the battery is the component that fails first, and then the moving parts (e.g. 

buttons, switches). Most of the devices are not extremely complicated from a technical 

perspective, but repair is made difficult because there is a low availability of spare parts.  
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Regarding the social perception of waste - if a customer is not able to get the device 

repaired, they usually leave it at the repair shop or leave it at home. There is a vague sense 

of the dangers of waste, but disposal usually results with burning the devices in open fires, 

leaving them in ditches, or putting them in pit latrines. There is a generally concern that 

those methods are not optimal in terms of environmental concerns, but there are few if any 

other alternatives. There are conflicting opinions on which of these options is the best. The 

concern with placing these devices in a toilet is of exploding batteries and fumes, but some 

believe placing these devices in the toilet will reduce the level of latrine waste if the battery 

explodes. Often people feel that the best option is to just keep the device in their homes, 

but this will likely change as the customer moves on to purchase more and larger devices. 

Devices in the shops make their way to a local disposal site, where at least the damage is 

consolidated.  

 

There is currently legislation in Rwanda and Uganda (it is in draft form in Kenya) that is 

predicated on a need to recycle. The focus in these regions has been on recovering materials 

through recycling, which has influenced the local legislation on producer responsibility. The 

‘repair aware’ legislation exists in Sweden and the US, where communities are pushing for 

the right to repair. In most of Africa, although there is a network of repair people, legislation 

is going towards recycling. Repair could potentially disrupt recycling operations because it 

reduces the amount of volume you have available.  

 

The core functions of products have not changed much over the years, but there could 

eventually be a cut-off on the product generations that are acceptable for recycling. Due to 

some instances of products leaking back into the market from a waste management 

company, some companies may find there to be substantial risk in giving the responsibility 

of repair/recycling to an outside firm. 
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 Appendix 10: Typical global e-waste value chain as described by GOGLA, 2017 93 

 
Appendix 11: Mobile Recycling Plant 

 

Mobile Recycling Plant94 

Since off-grid solar installations are highly decentralized in the East African market, one of 

the main challenges to environmentally-sound recycling practices is the lack of 

infrastructure or programs for product take-back at their EOL. To counter this issue, 

Sukhwant Raju, our contact at FirstSolar, proposed the use of a mobile recycling plant 

instead.  

 

Although mobile recycling plants for solar devices do not currently exist, prototypes exist to 

demonstrate how a mobile recycling plant can help manage the e-waste problem in 

countries with high population density and smaller land area. The prototype plant is 

designed in the form of large shipping containers used for e-waste collection and treatment 

where the equipment is loaded. The plant can accommodate processes of dismantling, 

crushing and multi-level separation. The two containers can conduct whole unit dismantling, 

recycle printed wiring board and monitor the waste being generated.  Pre-treatment of the 

waste occurs using mechanical treatment and the rate of valuable materials obtained from 

                                                
93 GOGLA. (n.d.). Providing Energy Access through Off-Grid Solar: Guidance for Governments (Rep.). 
https://www.gogla.org/sites/default/files/resource_docs/energy_access_through_off-grid_solar_-_guidance_for_govts.pdf 
94 Zeng, X., Song, Q., Li, J., Yuan, W., Duan, H., & Liu, L. (2014). Solving e-waste problems using an integrated mobile recycling plant. 
Retrieved February 19, 2019, from https://www.sciencedirect.com/science/article/pii/S0959652614010683. 
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the treatment process is calculated by looking at the ratio of the mass of extracted valuable 

materials to the mass of raw e-waste that has been treated.  

 

Mapping out the operation of the prototype illustrates that mobile plants can have 

significant benefits for waste recycling. Based on the amount of annual waste and the 

mobile plant’s capacity, the plant can produce 5 tonnes of integrated cards, 50 tonnes of 

power supplies, 130 tonnes of copper (Cu), 190 tonnes of iron (Fe), 95 tonnes of aluminum 

(Al), and 150 tonnes of plastic. Additionally, the plant can reduce carbon dioxide (CO2) 

emissions by about 260 tonnes. The mobile plant also plays a role in emissions reduction 

through the mode of transportation used. Shipping containers utilize marine travel (as 

opposed to trucks on the road) and thus reduce emissions. 

 

Serious situations can occur in small countries or regions due to limited land area and 

mandatory prohibitions on hazardous waste transboundary travel. This integrated mobile 

recycling plant has demonstrated significant environmental gain and many valuable 

resources (i.e. metals and plastics) recovered from e-waste. Overall, engineering and 

operating an integrated mobile recycling plant can achieve environmentally-sound and 

economically-feasible resource recycling. Plants like these can successfully solve the e-waste 

problem for small countries or regions.  

 

Appendix 12: Role of Retailers 

 

Role of Retailers95 

Another business model that is not as prevalent, since off-grid solar providers have 

integrated financing into their service models, is to work with local solar kiosk operators to 

obtain financing for customers. This would mean that the kiosk operators would have to be 

taught how to liaise with Microfinance Institutions (MFI) upon receiving an order for a 

certain product from the customer. This way the kiosk acts as the middleman in terms of 

sending requests to the MFI as well as placing the order for the product from the solar 

producers. These operators or retailers will become valuable to the community by playing 

this dual role and can the expand the scope of their operations to sell other products, taking 

advantage of their growing customer base. This business model can be conducive to product 

return if retailers can be trained to provide monetary incentives to customers for bring their 

products back to the place they bought them from. 

 

 

                                                
95 Lighting Africa, The World Bank Group, International Finance Corporation. Developing the Solar Supply Chain in East Africa.. Retrieved 
from https://www.lightingafrica.org/wp-content/uploads/2018/08/LA-Ethiopia-SME-Training-Case-Study-FINAL.pdf. 


