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1. Summary 
Why was this project implemented (Needs in the partner country)? 
Energy demand in Africa is enormous. Currently more than 620 million people in Africa do not have 
access to electricity and this number will even increase by 45 million by 2030. Grid extensions are 
expensive, complex and slow to implement. In contrast off-grid household power solutions provide an 
affordable option to rural households in Africa. It is expected that off-grid systems will play the major 
role in rural electrification: 70% of households will gain access to electricity through off-grid solutions. 
With the millions of off-grid solar products being distributed annually, millions of batteries and other 
electronic equipment are brought out to remote areas. This distribution is usually without a clear plan 
for proper reuse, recycling or disposal once they have reached end of life. The lack of economically 
viable solutions to ensure proper recycling or disposal of electronic waste from off-grid solar products 
poses a threat to people’s health and the environment. Kenya is currently the largest market for off-
grid solar products in Africa and shows the highest growth rates in Africa. With this in mind, this project 
aimed at developing and testing business models related to electronic waste from off-grid solar 
products under real market conditions together with the social enterprise Solibrium based in 
Kakamega, Western Kenya, that sells off-grid solar kits to local communities around Kakamega 
rainforest.  
What was implemented (project’s content)? 
The project included three activities: 1) The project created awareness among stakeholders of the 
problem of e-waste from off-grid solar products and for possible solutions. 2) The project identified and 
tested measures to extend the life of solar products (especially the battery) to ensure that they enter 
the waste cycle as late as possible. 3) The project developed and tested business models for take-
back schemes, reuse, and/or recycling or safe disposal of off-grid solar products to provide 
economically viable solutions for electronic waste management for rural areas in Western Kenya.  
How was the project carried out and what objectives have been achieved? 
This project was managed by myclimate and implemented and coordinated by Solibrium in Western 
Kenya. A precondition for the introduction of alternative business models is a good understanding of 
solar users’ preferences and practices. For this solar user surveys and continued awareness creation 
at all stakeholder levels were conducted. In a next step best practices for operating and handling off-
grid solar systems were elaborated and disseminated among solar users. Further, three alternative 
business models were developed and tested under real market conditions with Solibrium’s clients: the 
Buy Back model, that provides a financial incentive to solar users to bring back faulty components or 
systems, the Lease model that reduced monthly payments compared to the pay-as-you-go model and 
extended the warranty until end-of-life of a system; and the Advanced Recycling Fee (ARF) model, 
that included a recycling fee and offered a discount on spare parts. The Buy Back model and the 
Lease model showed promising results during the test phase, whereas the ARF model failed. In 
addition, Solibrium partnered with a local battery manufacture to explore on the potential of local 
battery refurbishment. Best practices and alternative business approaches were developed and 
assessed regarding their potential to reduce greenhouse gas emissions and total environmental 
impact. The results look very promising: The Buy Back model and the Lease model were very well 
perceived by clients and reduce total environmental impact by around 30% to 50%. Local battery 
refurbishment is technically feasible and has the potential to reduce total environmental impact by 
around 30%. This project clearly shows that there are alternative business approaches that can 
significantly reduce total environmental impact from off-grid solar products in remote areas in Kenya.  
What do you foresee as further actions to be undertaken? 
For the impact of these trial interventions to have a notable effect, the tested business models and 
battery refurbishment activities need to become widespread within the off-grid solar ecosystem. The 
first step to ensuring this happens is to engage with local regulatory authorities and other businesses 
to create a momentum for change. To this end, Solibrium will continue its awareness creation activities 
and continue engagement with local government entities and product manufacturers to push for 
change across the industry, in particular the introduction of an ARF that could even the playing field for 
companies desiring to push for circularity. Another activity that requires follow-up and could have a 
significant impact is battery refurbishment. To that end, Solibrium will seek to develop battery 
refurbishment facilities either through work with partners or on its own. Solibrium will also increase 
engagement with the informal sector to improve current collection networks and develop new ones. 
The overall aim for Solibrium and myclimate will be to pursue further measures and business activities 
aimed at growing a circular economy around off-grid solar products.  
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2. Abstract in local language 
Kwa nini mradi huu ulitekelezwa (Mahitaji katika nchi washirika)? 
Mahitaji ya nishati/kawi barani Afrika ni makubwa. Kwa sasa zaidi ya waafrika milioni 620 hawajafikiwa 
na nguvu za umeme na idadi hii itaongezeka na milioni 45 ifikapo 2030. Upanuzi wa gridi ni ghali, ngumu 
na polepole kutekeleza. Kinyume na hayo, usambazaji wa umeme wa off- gridi imechangia kuwepo kwa 
chaguo nafuu kwa wanaoishi vijijini barani Afrika. Inaratajiwa kuwa mfumo wa off-gridi itapewa kipau 
mbele katika usambazaji wa umeme vijijini: asilimia 70 za nyumba zitafikiwa na umeme kupitia mfumo 
wa off-gridi. Mamilioni ya bidhaa za solar za off-gridi husambazwa kila mwaka, mamilioni ya betri pamoja 
na vifaa vya electroniki huletwa mashinani. Usambazaji huo hufanywa pasipo na mpangilio dhabiti wa 
kutumia tena, kuchakata au kutupwa mara tu zinapofikia mwisho wa maisha. Ukosefu wa suluhisho 
mwafaka wa kiuchumi ya kuhakikisha kuchakata au utupaji sahihi wa taka za kielektroniki kutoka kwa 
bidhaa za solar za off-gridi ni tishio kwa afya ya watu na mazingira. Kenya ndio soko kubwa zaidi la 
bidhaa za solar za off-gridi na linaonyesha viwango vya juu zaidi vya ukuaji barani Afrika. Tukizingatia 
hayo, mradi huu unalenga kuendeleza na kupima ufumbuzi wa taka za kielektroniki kutoka kwa bidhaa 
za solar chini ya hali halisi ya soko pamoja na kampuni ya Solibrium iliyo Kakamega, Magharibi mwa 
Kenya, inayouza vifaa vya sola kwa jamii zinazozunguka msitu wa Kakamega. 
Ni nini kilitekelezwa (maudhui ya mradi)? 
Mradi ulijumuisha shughuli tatu: 1) Mradi huu ulihamasisha washikadau kuhusu matatizo ya bidhaa taka 
ya solar ya off-gridi na suluhisho mwafaka. 2) Mradi ulitambua na kupima hatua za kuzidisha kipindi cha 
matumizi ya bidhaa za solar (hususan betri) ili kuhakikisha zinaingia kwa orodha ya taka baada ya 
kutumika kwa muda iwezekanavyo. 3) Mradi ulivumbua na kupima mifumo ya kuchukua, kutumia tena, 
kuchakata au utupaji salama wa bidhaa za solar za off-gridi ili kutoa suluhu za kiuchumi za kudhibiti 
taka za electroniki vijijini magharibi mwa Kenya. 
Mradi huu ulitekelezwa vipi na malengo gani yameafikiwa? 
Mradi huu ulisimamiwa na myclimate na kutekelezwa na kuratibiwa na Solibrium kutoka magharibi mwa 
Kenya. Sharti la kuanzishwa kwa miundo mbadala ya mifumo ya biashara ni kuelewa vizuri 
wanayopendelea watumizi wa solar. Kwa sababu ya hilo, utafiti na uhamasisho kwa washikadau wa 
viwango vyote ulifanyika. Katika hatua inayofuata matumizi bora ya kutumia na utunzaji mifumo ya sola 
ya off-gridi ulifafanuliwa na kusambazwa miongoni mwa watumizi wa solar. Zaidi ya hayo, miundo mitatu 
mbadala ya biashara ilibuniwa na kujaribiwa chini ya hali halisi ya soko na wateja wa Solibrium: mtindo 
wa kununua tena, ambao hutoa motisha ya kifedha kwa watumiaji wa solar ili kurejesha vifaa vyenye 
hitilafu, mfumo wa Kukodisha ambao hupunguza malipo ya kila mwezi na kuongeza waranti hadi 
mwisho wa maisha wa bidhaa, na muundo wa Ada ya Juu ya kuchakata (ARF), ambayo inajumuisha 
ada ya kuchakata na kutoa ofa kwa vipuri. Muundo wa kununua tena na ule wa Kukodisha uliahidi 
matokeo mema wakati wa awamu ya jaribio, ilhali muundo wa ARF haukufaulu. Zaidi ya hayo, Solibrium 
ilishirikiana na watengenezaji wa betri wa nyanjani ili kuchunguza uwezekano wa urekebishaji wa betri. 
Matumizi bora na mbinu mbadala za biashara zilibuniwa na kutathminiwa kuhusu uwezo wao wa 
kupunguza utoaji wa gesi chafuzi na athari ya jumla ya mazingira. Matokeo yanaonekana kuwa ya 
kutegemewa sana: Mfumo wa kununua tena na ule wa Kukodisha ulitambuliwa vyema na wateja na 
kupunguza jumla ya athari za mazingira kwa karibu asilimia 30 hadi 50. Urekebishaji wa betri mtaani 
unawezekana kitaalam na una uwezo wa kupunguza jumla ya athari za mazingira kwa karibu asilimia 
30%. Mradi huu unaonyesha wazi kwamba kuna mbinu mbadala za biashara ambazo zinaweza 
kupunguza kwa kiasi kikubwa athari ya mazingira kutoka kwa bidhaa za solar zisizo kwenye gridi katika 
maeneo ya mashinani nchini Kenya. 
Unaona ni hatua gani zaidi zinazopaswa kuchukuliwa? 
Ili matokeo ya uingiliaji kati huu wa majaribio kuwa na athari inayoonekana, miundo ya biashara 
iliyojaribiwa na shughuli za urekebishaji wa betri zinahitaji kuenea katika ikolojia ya mfumo wa solar ya 
off gridi. Hatua ya kwanza ya kuhakikisha hili linatendeka ni kushirikiana na mamlaka za udhibiti za 
mashinani na biashara nyingine ili kuleta mabadiliko. Ili kufikia lengo hili, Solibrium itaendelea na 
shughuli za kufanya uhamasishaji na kuendelea kushirikiana na mashirika ya serikali za mashinani na 
watengenezaji wa bidhaa ili kusisitiza mabadiliko katika tasnia nzima, haswa kuanzishwa kwa ARF 
ambayo inaweza hata kutoa nafasi sawa kwa kampuni zinazotamani kusukuma kwa mzunguko. 
Shughuli nyingine inayohitaji ufuatiliaji na inaweza kuwa na athari kubwa ni urekebishaji wa betri. Kwa 
ajili hiyo, Solibrium huenda ikabuni maeneo ya urekebishaji wa betri kupitia kufanya kazi na washirika 
au binafsi. Solibrium pia itaongeza ushirikiano na sekta isiyo rasmi ili kuboresha mitandao ya ushirikiano 
yaliopo sasa ya ukusanyaji na pia kuanzisha mipya. Lengo la jumla la Solibrium na myclimate litakuwa 
kutafuta hatua zaidi na shughuli za biashara zinazolenga kukuza mzunguko wa uchumi wa bidhaa za 
solar za off gridi. 
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3. Starting Point 
Short description of the initial situation at the project’s start. 
Energy demand in Africa is enormous. Currently more than 620 million people in Africa do not have 
access to electricity and this number will even increase by 45 million in 2030. Grid extensions are 
expensive, complex and slow to implement. In contrast off-grid household power solutions provide an 
affordable option to rural households in Africa. It is expected that off-grid systems will play a major role 
in rural electrification: 70% of households will gain access to electricity through off-grid solutions. With 
the millions of off-grid solar products being distributed annually, millions of batteries and other 
electronic equipment are brought out to remote areas. This distribution is usually without a clear plan 
for proper reuse, recycling or disposal once they have reached end of life. The lack of economic viable 
solutions to ensure proper recycling or disposal of electronic waste from off-grid solar products poses 
a threat to people’s health and the environment. Kenya is currently the largest market for off-grid solar 
products and shows the highest growth rates in Africa. However, there is still no formal waste 
management system in place for electronic waste in Western Kenya. Thus, there is a strong need for 
economic viable solutions to ensure take-back, collection, reuse and proper recycling of electronic 
waste from off-grid solar products in rural Kenya in order to avert a waste crisis. Considering that there 
is limited knowledge and low level of awareness, that there is no legislation for e-waste and recycling 
of batteries, that e-waste centres are located in cities and that take back of faulty off-grid solar 
components or systems is only guaranteed during the warranty period, this project implemented three 
work packages to create awareness and to develop and test business approaches for life extension 
and end-of life management. This project tackled the issues related to electronic waste from off-grid 
solar products using the example of Solibrium – a social enterprise based in Kakamega, Western 
Kenya, that sells off-grid solar kits to local communities around Kakamega rainforest – to develop and 
test alternative business approaches under real market conditions. 
 

4. Objectives 
Description of the project’s original objectives. 

• Objective 1: Create awareness among different stakeholders for e-waste from off-grid solar 
products and possible solutions. 

• Objective 2: Extend the lifetime of off-grid solar products through resource efficiency and 
proper use of solar systems.  

• Objective 3: Provide economically viable solutions for environmentally friendly e-waste 
management for off-grid solar products in Kenya.  

 

5. Project Review 
5.1 Project Implementation 
How was the project carried out (approach, partner and project’s main steps)?  
Overall project coordination and management for this project was done by myclimate foundation.  
Further, myclimate conducted life cycle assessments and sustainability analysis, elaborated best 
practices and developed business models together with Solibrium.  
Local project coordination and implementation of project activities was done by Solibrium Ltd. in 
Kenya. Solibrium conducted workshops and trainings for awareness creation among different 
stakeholders, conducted surveys with solar users, elaborated best practices and developed and 
tested business models with its clients under real market conditions. Further, Solibrium partnered 
with Aceleron Ltd. in Nairobi for battery testing and engaged with the stakeholders at all levels in 
Kenya. 
The World Resource Forum and SOFIES acted as external experts and reviewed and advised on 
environmental impact assessments and business model development.  

 
The project was implemented in three phases from May 2018 to December 2021. Please see 
detailed list of activities below.  
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Activities Phase I (May – Oct 2018) 
1. Local awareness creation workshop in Kakamega with technicians, solar users, 

prospective solar users and sales agents with 31 participants on 25 May 2018. 
2. High-level stakeholder interviews with 35 stakeholders on best practices conducted in 

July and August 2018. 
3. Survey with 1,003 solar users and 1,093 non-solar users in Kakamega County on 

customers’ experiences and needs conducted in June, July and August 2018. 
4. LCA study on best practices of off-grid solar products.  
5. High-level awareness creation workshop in Nairobi for the problem of e-waste for solar 

products with 35 participants on 21 September 2018. 
6. Compilation of draft best practices for resource efficiency and e-waste management. 

 
Activities Phase II (Nov 2018 to May 2019): 

1. Assessing the application of identified best practices for life extension and e-waste 
management as a basis for developing business models and conducting awareness 
creation activities. 

2. Awareness creation at user level (March to May 2019): meetings with 501 participants 
(430 solar users, 59 prospective solar users, 6 solar technicians, 2 government officials, 
and 4 e-waste experts) as well as a 30 min. radio talk show reaching out to around 2,000 
listeners.  

3. Revision of LCA report based on external expert feedback and latest datasets (ecoinvent 
3.5) and assessment of potential for reducing environmental impact. 

4. Identifying and developing three business models for life extension and e-waste 
management of off-grid solar products. 

 
Activities Phase III (June 2019 – Dec 2021): 

1. Continuation of awareness creation/training activities at user level for best practices and 
for new business models (June to Oct 2019): meetings with 101 solar users participating, 
phone interviews with 68 solar users with solar kits out of warranty as well as a radio talk 
show which was held on 2nd Augsut 2019 at Lubao FM 102.2 FM) with more than 1,000 
listeners. 

2. Workshop with high-Level stakeholder from Solar retailers, Academia, County 
Governments, Technicians (Informal Sector), Recycling companies, Media stations and 
NEMA (National Environment Management Authority) to present project findings and 
discuss possibilities for public private partnerships regarding solar e-waste management, 
August 2019. 

3. Testing battery refurbishment in cooperation with Aceleron ltd. in Nairobi. 
4. Testing the three business models for life extension and e-waste management of off-grid 

solar products with Solibrium’s clients.  
5. Impact Assessment of tested business models. 
6. Local stakeholder workshop on business model approaches to life extension and end-of-

life management of off-grid solar products 02 Dec 2021. 
7. Virtual High-level stakeholder workshop on business model approaches to life extension 

and end-of-life management of off-grid solar products 09 Dec 2021. 
 
Did the project’s main objectives have to be modified during the course of the project? Describe 
any of the modifications made. 
There was no need to modify the project’s main objective during the course of the project. 
However, we extended the timeframe for the business model testing period to allow for more time 
for better customer uptake. Further due to COVID-19 we had to postpone the completion of the 
project to the end of 2021.  

 
Impact of COVID-19 on project implementation: 
The impact of the COVID-19 crisis on the project has been quite extensive. This crisis had 
affected the project in a number of ways including restrictions on interaction with recycling 
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partners and stakeholders from the informal waste sector, restrictions on gatherings and 
meetings resulting in canceling workshops and awareness creation activities and restrictions on 
staff with office shut down and operations on a limited capacity for a significant period of time. 
This resulted in delays in the completion of project activities and required us to shift around tasks 
and change priorities. In addition, the COVID-19 crisis had a significant negative economic effect 
on rural communities in Western Kenya through loss of informal employment opportunities, 
putting negative pressure on business activities and significantly affecting people’s ability to afford 
solar products and their willingness to trial new options. 

 

5.2 Achievements of Objectives and Results 
To what extent were the objectives achieved? Which results were achieved? 
In this section we discuss how the project’s original objectives have been achieved and present 
corresponding main results from the project activities.  
 
Objective 1: Create awareness among different stakeholders for e-waste from off-grid solar 
products and possible solutions. 

1. 20-30 stakeholders from different stakeholder categories (solar companies, government 
institutions, e-waste sector, etc.) attend workshop and are aware of the e-waste problem caused 
by solar products: 

è Achieved: An awareness creation workshop in Kakamega with technicians, solar users, 
prospective solar users and sales agents with 31 participants was conducted on 25 May 2018. 
And a high-level awareness creation workshop in Nairobi for the problem of e-waste for solar 
products with 35 participants was conducted on 21 September 2018.  

è Results: 66 local and high-level stakeholders in Kenya are now aware of the problem caused 
by off-grid solar e-waste. 

 

 
 

2. 20-30 stakeholders from different stakeholder categories attend workshop and are aware of 
possible solutions for e-waste from solar products: 

è Achieved: A physical local-level stakeholder workshop in Kakamega and a virtual high-level 
stakeholder workshop were conducted in December 2021 to present and discuss the findings 
from the tested business models. 12 local stakeholder (informal solar technicians, solar 
customers, solar agents, etc.) and 30 high-level stakeholders participated in the two events.  

è Results: 42 local and high-level stakeholders are now aware of possible solutions (business 
models) for extending the life of off-grid solar products and for product’s end-of-life 
management. 

 
Objectives 2 and 3 are closely linked and share the same indicators. They are therefore discussed 
together below.  
Objective 2: Extend the lifetime of off-grid solar products through resource efficiency and proper 
use of solar systems. 
Objective 3: Provide economically viable solutions for environmentally friendly e-waste 
management for off-grid solar products in Kenya: 
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1. List of best practices for proper use, proper maintenance, repair, and replacement of off-grid 
solar products. 

è Achieved: The findings from initial stakeholder workshops and from user surveys were 
consolidated to formulate a comprehensive document with best practices for life extension and 
end-of-life management of off-grid solar systems addressed to retailers/manufacturers, solar 
users, installers, and repair entities, and to re-cycling and disposal entities. These best practices 
formed the basis for business model development.  

è Results: List of best practices for life extension and end-of-life management was discussed and 
made available to different stakeholders (retailers/manufacturers, solar users, installers, and 
repair entities, and to re-cycling and disposal entities). For solar users a pictographic brochure 
on best practices was developed. 

  

 
2. Life cycle analysis of best practices identified. 
è Achieved: We have calculated the carbon footprint (IPCC 2013 method) and total environmental 

impact (ILCD method) of two different SHS applying worst- and best-case scenarios to show 
the potential positive impact of best practices.  

è Results: The study showed that the highest environmental impact generally occurs during the 
production and use-phase. However, this does not mean that the end-of life phase can be 
ignored. There is a big potential to reduce impact. Carbon footprint and total environmental 
impact could be reduced by 50% in case best practices are applied (see figure below). 
 

 
 

A more detailed assessment of the different end-of-life scenarios, namely open burning, 
controlled incineration, landfill and recycling revealed that open burning or landfill can have 
severe (long-term) impacts on health and environment, whereas a sound recycling system might 
have positive impacts, if secondary resources from obsolete SHS replace primary resources 
(see figure above).  
 

3. 5 technicians, 15 salespersons, selected community influencers, 2 or 3 business stakeholder 
partners (including manufacture representative), and possibly 1 regulatory representative for 
intermittent attendance attend workshop on functioning, proper use, maintenance, and repair of 
solar products and are familiar with best practices for lifetime extension. 
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è Achieved: A workshop was conducted for solar users, technicians, prospective solar users and 
sales agents of off-grid solar products with the aim to create awareness for the problem of e-
waste from off-grid solar products, to seek feedback and experiences regarding use of solar 
products, regarding practices that can increase a product’s lifetime, regarding best practices for 
disposal and regarding product preferences. The workshop in May 2018 was attended by 19 
solar users, 5 sales agents, 5 prospective solar users, and 2 technicians. Further, a series of 
additional awareness creation activities was conducted from March to October 2019 (see Point 
4 below). 

è Results: Discussions showed that solar users already perform some basic safety and 
maintenance activities and that they encounter problems with incomplete battery charging. 
Technicians provided expert advice on proper use, repair and maintenance and disposal of 
solar systems. They pointed out that sometimes wrong spare parts are used, which reduces the 
life span of the system or even make them unusable. There is currently no disposal measure 
for obsolete solar components in place and thus they face the challenge of properly storage and 
dispose of unusable materials. 

 
4. 500 solar product users reached with awareness creation activities for lifetime extension. 
è Achieved: In the period from March to October 2019 Solibrium conducted a series of awareness 

creation meetings with solar users, prospective solar users and County government officials on 
Best Practices to Enhance Efficiency, Extend the Lifespan and Improve Waste Management of 
Off Grid Solar Home Systems. The main objectives of the meetings were to create awareness 
for best practices and to seek feedback and experiences on their applicability. In total 12 
awareness creation meetings in eight different locations in Western Kenya were conducted with 
the participation of 670 participants (599 solar users, 59 prospect solar users, 6 solar 
technicians, 2 government officials, and 4 e-waste experts). In addition, two 30 min. radio talk 
shows were held at Lubao FM - 102.2FM attracting more than 3,000 listeners. 

è Results: Our main findings from the awareness creation meetings relevant for business model 
development were the following: 
• Solar users were not aware of the lifespan of solar kits and their components. However, this 
information was crucial for encouraging users to perform maintenance for life extension and to 
care about what to do with solar kits at end-of-life. 
• Participants were positive and welcomed the idea of a lease model for solar kits. This was in 
contrast to the results from the user survey conducted previously. The awareness creation 
meetings provided the right framework to properly explain the lease model in detail and to 
highlight the pros and cons compared to the pay-as-you-go model.  
• Solar users expected an incentive (cash, discount on spare parts) to return failed 
components to Solibrium. 

 
5. Develop 3 business models for life extension, take-back, recycling and disposal of off-grid solar 

products. 
è Achieved: Based on the learnings from the awareness creation activities, from the solar user 

survey and best practices, we had developed three business models for life extension, take-
back and recycling and disposal of off-grid solar products: 

o Buy-Back model 
o Advanced Recycling Fee (ARF) model 
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o Leasing model 
è Results: Please see table below with a detailed description of the business models.  

 
Buy-back model ARF model Leasing model 
Characteristics 
• Faulty components that are 

out of their warranty period 
are bought from end-users.  

• Damaged-beyond-repair and 
non-reusable components are 
not purchased but are 
collected for recycling. 

• Solibrium seeks to reuse 
most of the components. 

• The primary focus is on 
batteries, which are 
redeployed through 
expandable battery 
management technology on 
2nd-hand kits or as repair 
components for kits that need 
new batteries. 

• This model allows a possible 
life extension of SHS use of 
at least 3 years, and with a 
willing customer base, up to 
10 years (3 battery swaps). 

• Customers are charged an 
optional ARF. 

• All faulty, obsolete and 
damaged components can be 
returned by the end-user. 

• In exchange, the end-user 
gets a pre-set discount on 
new or used components. 

• Solibrium seeks to reuse 
most of the components.  
Those that cannot be reused 
or repaired are recycled 
through recycling partners. 

• The primary focus is on 
batteries, which are 
redeployed through 
expandable battery 
management technology on 
2nd-hand kits sold at a 
discount to end-users, or as 
repair components for kits 
that need new batteries. 

• This model allows a possible 
life extension of SHS use of 
at least 3 years, and with a 
willing customer base, up to 
10 years (3 battery swaps). 

• The leasing model is 
characterized by smaller 
payments over a longer 
period of time.  

• All SHS’s and components 
belong to the company and 
can be repossessed at any 
time. 

• As part of the lease, 
customers return any faulty or 
damaged components, and 
these components are 
replaced free of charge. 

• Customers can also upgrade 
various components of their 
SHS for a change in the 
payment structure. 

• Solibrium seeks to reuse most 
of the components.  Those 
that cannot be reused or 
repaired are recycled through 
recycling partners. 

• The primary focus is on 
batteries, which are 
redeployed through 
expandable battery 
management technology on 
2nd-hand kits sold at a 
discount to end-users, or as 
repair components for kits that 
need new batteries. 

• The leasing model allows 
customers to move up the 
value chain at their leisure. 

• This model allows a possible 
life extension of SHS use of at 
least 5 years, and if executed 
properly with a willing 
customer base, up to 20 years 
(5 battery swaps). 
 

Key points 
• There is no cost to the end-

user. 
• Recycling is not as big a 

priority as life-extension. 
• Only reusable components are 

included. 
• Slight increase in cost to the 

business that can be recouped 
via 2nd hand kit sales. 

• Low-risk to company. 

• There is a small cost to the 
end-user. 

• Recycling is as big a priority 
as life-extension. 

• All components are included. 
• No significant cost to 

business as ARF covers all 
costs. 

• Partnership with recycling 
companies is essential. 

• Medium risk to company. 
 

• End-users never own their 
SHS. 

• However, daily cost is 
significantly lower to the end-
user. 

• Recycling, life-extension, and 
constant value-chain climb 
are the key focus. 

• All components are included. 
• Significant change in 

business model and income 
structure for the company.  
While income is guaranteed 
for longer, risk to company is 
higher. 

• Partnership with recycling 
companies is essential. 
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6. Life cycle assessment of business models. 
è Achieved: Apart from looking closer into the end-of-life phase of the Solar Home Systems, the 

project also calculated the environmental reduction potential of a sound business model (“Best-
Practice”) compared to a less favourable practice (“Business as Usual”) for two types of solar 
home systems. 

è Results: The Best-Case Scenario leads – looked at over the entire life-cycle of an SHS – to an 
environmental impact reduction potential of 26% – 29% in case of a SHS with TV (Omnivoltaic 
TV 19” system), and 16% – 24% in case of a SHS with lamps only (Sun King). Looking at the 
use-phase only, where most of the leverage for an improved business model is located, the 
Best-Case Scenario entails a reduction potential of 93% – 104% for the Omnivoltaic TV 19” 
system and 87% – 125% for the Sun King system. In other words, over the life-time of 20 years, 
the production of a whole SHS System can be saved, if maintenance, handling, logistics etc. 
are improved, hence the business model is optimized (Best-Case). 
 

7. Test business models for resource efficiency under real market conditions. 
è Achieved: We tested the three business models (Buy Back, ARF and Lease) with clients from 

Solibrium from July/Aug 2019 to March 2021 under real market conditions. Further, as a 
measure to extend the life of a solar home system and to tackle battery recycling Solibrium 
partnered with Aceleron Ltd. (https://www.aceleronenergy.com/en/company) to explore on 
battery refurbishment and second life of batteries. 
Results:  
Buy back model: The buy-back programm was successfully launched and showed good 
response from existing clients. Faulty components that were out of warranty could be returned 
to any of Solibrium’s 300 solar agents. The components were then periodically collected and 
brought for assessment to Solibrium’s office. Once the faulty parts had been sorted and 
checked at the office, the client was informed of the value of the returned components and 
possible options for compensation. The client then decided how to move forward with the 
options offered. Several hundred clients had returned components under this model and 
customer interest in the model remains high even after project completion. During the test 
phase 1536 faulty components were brought back by solar users via solar agents equaling 
more than 115 kg of e-waste. Most of the components were brought in by customers in 
exchange for a discount on a new component or a new solar product. In addition, a lot of the 
components returned had no further market value and were simply collected by Solibrium with 
no payment. Less than 20% of the returned components could be repaired and the remaining 
80% needed recycling. Further, a significant number of non-solar e-waste products (e.g. lead-
acid batteries, phone chargers, florescent tube lighting, etc.) were collected during the 
collection activities as people took advantage of the take-back and collection systems and 
tried to benefit from the buy-back on offer. The general feedback from rural communities and 
solar agents we worked with is that there is significant appetite for recycling, proper disposal 
and circulalrity if the right conditions and supporting mecahnisms are developed and are 
accessible. The challenge for the Buy-Back model remains financial, vis a vis the mechanism 
through which a business can finance buy-back while continuing to operate profitably. 
Lease model: The lease model is the most attractive model from a business perspective but 
also carries the most long-term risk. This model was successfully rolled out with a selection of 
clients since the high risk requires a high level of trust with the clients. Demand for the model 
was much higher during the test phase but participcation had to be limited due to financial 
risks. The model is particularly attractive to clients purchasing high value solar kits like with 
TVs. This is because the payment on these units decreases significantly under the lease 
model. During the test phase all clients have made 100% of their payments and there were no 
defaults. However, given that customers had been selected very carefully, this is not 
surprising. As the model is rolled out to a larger market base, it is expected that the rate of 
default will increase from 0%. There was so far no failure on any lease solar units and as such 
there was no opportunity to review the take-back and replace process. It is expected that this 
will start to happen in more noticeable numbers once units purchased on lease have 
exceeded their warranty period. Surprisingly, there were requests from a number of cutomers 
to switch back from the lease model to the traditional Pay-to-Own model. It is not clear why 



 
   

13/23 

https://myclimate-my.sharepoint.com/personal/tobias_hoeck_myclimate_org/Documents/220310_REPIC_FinalReport_myclimate_Kenya_final_V2.docx 
 

customer have wanted to make the switch, but it seems the ownership of a solar home system 
is an important incentive for most users. The demand for the lease model has also fallen off, 
and it is not known why this is the case. The risk to customers is minimal, but it seems there is 
the need to create more awareness on the benefits of the lease model. One challenge is that 
rural clients have no additional expereince with leasing products in general and perhaps feel 
that they stand the risk of losing their SHS to the company despite making payments. This will 
be further explored with the aim to encourage more clients to take up the model. 
ARF model: The ARF model was designed for new clients and offered the option to pay an 
advanced fee for recycling and benefit from a discount on new components in exchange for 
brought back faulty components. However, the ARF model was not well received by customers 
and no customers willingly opted for the ARF model. A number of factors had influenced the 
failure of this model. The solar kit market in Kenya is very price competitive with multiple 
manufacturers, retailers and distributors offering a huge range of products on the market with 
downward pressure on prices. Most customers seem to seek the most short-term value for their 
money in a product and any factor that increases the price of the unit makes potential clients 
seek a cheaper alternative. Further, clients are not ready to invest in future recycling of a product 
without a clear understanding of its lifespan and without a clear grasp of the benefits they will 
derive from recycling. Some of the obstacles clients foresee is access to repair and recycling 
facilities, guarantees of future support given the extra fee, and general benefits to themselves 
from participation. In addition, the fact that other retailers do not have the same fee on a product 
drives customers away from this option. The ARF model is no longer being pursued. 
 
Financial viability of business models: 
The challenge for the sustainability of the business models we tested is their utility and financial 
in real-world settings outside the special consideration and attention given to them during the 
project. Our experience is as follows: 
Buy-Back Model: 
The Buy_Back model seems the most financially suitabel for SMEs. With a small customer base 
that is well engaged with the company, product buy-back and upgrades can be sustained 
financially particularly if the same products can for the most part be repaired and sold back to 
customers. In particular, the Buy-Back model works well in partnership with the informal sector 
which already operates an informaly and non-centralised buy-back system of their own.  Our 
experience suggests that the Buy-Back model can be financially viable under the following 
conditions: 
(i). A low diversity of products such as products with a high degree of interchangeable parts and 
interoperability. Such a situation can exisit if, for example, all products being sold and bought 
back are from one manufacturer, or are from a small subset of a manufacturer’s portfolio. 
(ii). A large degree of repairability and interoperability built into SHS units by manufacturers, 
allowing for parts to be removed, repaired and moved between units. In particular, repairability 
of batteries would be crucial to the success of the Buy-Back model. 
(iii). A low-cost and widespread network of outreach and collection of components and SHSs 
from clients, coupled to a close relationship with clients and widespread awareness among 
existing and prospective clients. 
(iv). A reliable and accesible recycling service or network which will receive components for 
recycling and disposal at low cost or no cost at all. 
Since no income can be generated from recycling activities, the Buy-back model depends 
entirely on the cirrcularity of components obtained from clients. For this to work, products should 
be such that they are actually useable within a circular economy. The Buy-Back model also 
generates a lot of employment opportunities. These can be easily maintained if the model has 
sufficient volume of products. The new jobs created in this project are unlikely to be financed 
for a significant period of time because we remain unsure of the viability of the model beyond 
the next few years. Nevertheless, we have found a high level of customer satisfaction with the 
Buy-back model and a likely scenario of multiple returning customers. 
Lease Model:  
The Lease Model is very attractive on a large scale with a large customer base. This makes it 
particularly suitable for a large company or a quickly growing business entity. The lease model 
generates a small and stable revenue from clients and its viability as a business depends on 
the volume of clients as well as a long time period. The Lease model does not make financial 
sense with a small volume of clients or over a short period of time. This is because revenue per 
unit is very small and for sufficient revenue to be generated to maintain business operations, 



 
   

14/23 

https://myclimate-my.sharepoint.com/personal/tobias_hoeck_myclimate_org/Documents/220310_REPIC_FinalReport_myclimate_Kenya_final_V2.docx 
 

there needs to be a large volume of units (1000s probably). In addition, units don’t pay for 
themselves until a number of years have elapsed, for the same reason as above. Because of 
this, we have had only a limited opportunity to really evaluate the financial sustainability of the 
lease model.  The lease model is complex and requires a higher level of operational involvement 
as well as a high degree of customer awareness because most customers continue to remain 
confused about the nuances of the model (as do a lot of sales agents, unfortunately). These 
add to the likelihood that the lease model will not work at the level of an SME. An SME simply 
does not have the depth of resources, technical, financial and operational, to execute a lease 
model. Despite this, the lease model is highly attractive from a circular economy point of view, 
and has the potential for growth and expansion within a market exponentially. For this reason, 
we are very supportive of the model. 

 
Battery refurbishment: The battery is the most critical component in a solar kit: it is the most 
expensive and most toxic part and the component with the shortest lifespan. Finding a local 
solution for battery refurbishment will have a huge impact on the lifespan of a solar kit and on 
the amount of solar e-waste generated. A Li-ion battery of a solar kit consists of several cells 
that are connected in series. In case one cell fails, the entire battery fails. Battery testing is done 
to determine the status of each cell and assess the potential for repurposing. In most cases, 
when a battery fails, not all cells in a battery pack are faulty. If the faulty cells are identified and 
replaced, the remaining cells can continue to function, producing a refurbished battery. The test 
results from Aceleron showed that the battery cells from OmniVoltaic solar kits can definitely be 
repurposed for 2nd life battery packs. Battery refurbishment remains a challenging option 
because manufacturers do not make their batteries with refurbishment in mind. Most 
manufacturers have a battery pack that cannot be opened without damage and thus cannot be 
refurbished. In addition, the pay-to-own model is built around hardware that is made to be 
tamper-proof and batteries in these models are technically complex to allow the use of a 
payment CRM. Such units cannot be easily rebuilt. For battery refurbishment to work, 
manufacturers must make units that are repairable and accessible, and local technicians have 
to be trained in how to handle such complex units. In addition, CRM systems should be 
developed that can allow reuse and resale of units. In general, there is both the technology and 
the tools for full circularity within the off-grid solar ecosystems, but the primary drivers of this 
change need to be product manufacturers and high-level legislative agencies. Since virtually all 
SHS manufacturers are multinationals, perhaps governments in their countries of origin can 
push for incorporation of circularity considerations in their products from the beginning. The 
main findings from this project were that refurbishment is both technically feasible and financial 
sound, and customers are happy to have a refurbished unit at a significant discount. 
 
 

8. Verify environmental impact of tested business approaches (ex-post). 
è Achieved: We assessed the total environmental impact and greenhouse gas emissions for the 

two business models Buy Back and Lease as well as for the option of battery refurbishment 
applying a LCA approach.  

è Results: Business Models: We assessed 
the two business models using the 
example of the Sun King Home 60, one of 
the SHS who’s end-of-life phase had been 
assessed earlier during this project in 
Kenya. The analysis shows the total 
environmental impact caused by the SHS 
Sun King Home 60 over its entire lifetime 
for the business models Buy Back and 
Lease as compared to a business-as-usual 
scenario, where the SHS end up in landfill conditions (see upper figure to the right). The results 
indicate that the Lease Model performs best, roughly 25% better than the Buyback Model and 
more than 50% better than the business-as-usual scenario. The applied business models help 
to reduce environmental impact of off-grid solar systems by 30% to 50%. 
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Battery refurbishment: Our analysis 
shows that refurbishing batteries in 
Kakamega or Nairobi leads to savings of 
approximately 30% of CO2e-emissions 
and total environmental impact compared 
to a model with non-refurbished batteries 
(see lower figure to the right). This shows 
that within the business models Buy Back 
and Lease, a special focus has to be put on 
the handling of batteries for SHS. 

 
 

5.3 Multiplication / Replication Preparation 
What preparatory work was carried out for the multiplication and replication within the project’s 
framework? 
The primary measures of the success of a business model are customer uptake and financial 
viability. Our findings have shown that the Buy-back and Lease models are both financially viable 
and environmentally sound. Our aim will be to continue to grow our customer bases under these 
models by spreading these models to other markets. This project allowed us to pilot and trial the 
various technical and operational systems that are needed to operate both models and train our 
teams on the functions of the models. With this completed, we can begin to grow the models. Our 
aim at Solibrium is also to seek funds to develop a battery refurbishment facility and to grow our 
local network for collection of solar e-waste. We will utilise the relationship established with 
Aceleron through this project for battery refurbishment expertise, and we will seek to partner with 
the informal sector to enhance collection of solar e-waste. In addition, we will extend awareness 
activities within all our markets. Simultaneously, we will continue engagement with partners and 
collaborators involved in this project. 
 
CLASP solar e-waste challenge: 
Solibrium and myclimate had submitted a proposal for the Global LEAP Awards solar e-waste 
challenge (https://www.globalleapawards.org/e-waste) in spring 2019 requesting funds for 
creating the enabling conditions for take-back through the development of a comprehensive e-
waste tracking system and a simple supply chain and logistics system. In October 2019 we 
received positive feedback that we are among the eight winners 
(https://storage.googleapis.com/leap-assets/Solar-E-Waste-Challenge-Company-Profiles.pdf).  
These additional activities under the Global LEAP Awards nicely complemented the project 
activities under the REPIC grant. The CLASP / Global-LEAP project primarily focused on collecting 
information to model future collection networks and future volumes of solar e-waste that will be 
generated. It also focused to a small degree on developing a network of informal sector partners to 
support the Buy-back model. In that sense, the CLASP / Global-LEAP project was built on learnings 
obtained from the REWMOS-REPIC project with a specific focus on developing the network that 
would support a viable Buy-back / Take-back process. At the beginning of the REWMOS-REPIC 
project, we had no understanding of the informal sector and the huge role they play, but findings 
from REWMOS-REPIC suggested that the Buy-back model could be viable if a low cost and highly 
networked system of collection and repair is developed within the community. However, we had no 
opportunity to explore this in more detail. The CLASP / Global-LEAP project allowed us to do this. 
As such, there was no double funding and the distinction between the two projects was very clear 
both on the ground and in terms of findings and reporting. 
Please see project website at https://www.solibrium-solar.com/i2g 

 

5.4 Impact / Sustainability 
Which impacts were already noticeable up to the end of the project? 
This project already showed positive impact at various levels. The tested business models resulted 
in the reduction of CO2e emissions as well as in the collection of solar and other e-waste, which 
will be forwarded to recycling companies. Moreover, the project activity triggered additional third-
party finance from the Global LEAP Award to further deepen the work on take-back and collection 
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of solar e-waste (see also 5.3). At social level the project created awareness at all stakeholder 
levels, conducted trainings and created local jobs in Western Kenya.  
Please provide qualitative text and quantitative information (in the table below) in the following three 
main categories, where applicable: 

Ecological Unit 
At the REPIC Project’s 
Completion 

Installed renewable energy capacity [kW] N.A. 
Renewable energy produced [kWh]/year N.A. 
Amount of fossil fuel energy saved [kWh]/year N.A. 

Greenhouse gas reduction* [t CO2-eq] 
5 tCO2e during the project phase 
180 tCO2e expected by 2030 

Newly collected and separated waste [t] 
0.265 t of solar e-waste and  
0.6 t of general e-waste 

Newly recycled waste [t] 

0 
We are awaiting accumulation of at 
least 1 ton of e-waste prior to 
forwarding it to partnering recycling 
companies. Preparations for 
recycling have all been made. To 
date, we have collected over 0.6 t 
of various e-waste. 

Economic     
Energy costs (LCOE) [ct/kWh] N.A. 

Triggered third-party funding/investments [CHF] 

CHF 45,000 
CLASP funding of USD 50,000 
was secured to further explore 
some of the questions raised in 
this project. 

Local private income generated [CHF] N.A. 
Social     

Number of beneficiaries [Number] 

8,800 
It is estimated that a total of almost 
8,800 people have been direct and 
indirect beneficiaries of project 
activities. 

Number of new jobs [Number] 
29 new full-time and part-time jobs 
were created through this project. 

Number of trained personnel [Number] 

35 individuals were trained, 
including women, through this 
project. 

 
*The calculations of expected emission reduction (tCO2e) are based on the following concept: 
• The business models “Lease” and “Buy Back” show less CO2-emissions than the state-of the art 

“regular” model. 
• Apart from those reductions, additional reductions by collecting “non-SHS e-waste” are also taken 

into account (so-called “handprint”) 
• The emission reductions are on the one hand calculated from the beginning of the REVMOS-

project until the end of it (December 2021) as well as with projected savings by 2030 according to 
expected SHS installations in the Kakamega region. 

 

6. Outlook / Further Actions 
6.1 Multiplication / Replication 
What are the next planned steps? 
There are four planned next steps all focused around building a more circular economy: 

1. Solibrium will continue the awareness creation activities and continue the expansion of the 
Buy-Back and Lease models in its various markets around Kenya. 
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2. We will continue to explore battery refurbishment activities and aim to eventually establish 
a small local repair and refurbishment facility in our core market in western Kenya. To this 
end, we will continue to engage with Aceleron and other technical partners to enhance our 
expertise in this area and to seek potential for future growth and expansion. 

3. We will grow the solar e-waste collection network through partnership with the informal 
sector and with local government partners. Our aim is to reduce the cost of waste collection, 
increase the penetration of the collection network and increase viability of any waste 
collection systems to ensure long-term sustainability. Coupled to this, we will seek to 
increase options for repair to clients. 

4. We will continue to engage with key players in the SHS space to develop a momentum for 
change towards more circularity. This will include engagement with manufacturer partners 
to encourage them to build systems that are repairable and to provide spare parts for repair. 
It will also include engagement with local regulatory and legislative bodies to push for the 
development of legal and business incentives for circularity, including initiatives such as a 
mandatory ARF and support of recycling initiatives. 

 
What is being done to promote multiplication / replication? 
Engagement continues with all key stakeholders, from clients to local government agencies, to 
communicate the urgency of the solar e-waste problem and to build a positive momentum for 
change. We will continue to have awareness creation activities, including very cost-effective radio 
programmes aimed at our client demographic, and we will continue to have working workshops 
with the informal sector and government partners. Beyond that, we have begun a gradual rollout of 
the Lease and Buy-Back model in our other markets in Kenya and have been seeking localised 
partners to begin waste collection where feasible. 
Which hurdles need to be overcome in order to have successful multiplication / replication? 
There are two main hurdles to successful replication of the work done in this project. The first and 
most critical is financial. The SHS market is extremely competitive with downward pressure on 
prices and high competition. Initiatives that lead to a price increase in products or that have a 
financial cost to the company are not sustainable in the current market climate. Coupled to ongoing 
effects of economic slowdown associated with COVID-19 that has impacted the whole of Kenya 
and the significant drop in the Kenya Shilling relative to the US Dollar, it will be very challenging to 
justify any financially risky or costly business activity. We will continue to assess the viability of both 
the Buy-Back and Lease models and make decisions as we proceed. The second major hurdle is 
the lack of industry-wide efforts at improved circularity within the SHS ecosystem. As mentioned in 
the report, one of the primary issues with repair and refurbishment of SHS is that manufacturers 
make these units in such a way that they can often not be repaired. If an industry-wide movement 
can be developed to push manufacturers, wholesale distributors and LMDs towards a more circular 
model, change will happen quite fast across the board. Even local governments acknowledge the 
need for change and see the solar e-waste problem as a growing issue, but they also openly accept 
that without industry driven change, pushing legislation on a local scale can be counterproductive. 
 

6.2 Impact / Sustainability 
What are the sustainable effects (environmental, socio-economic aspects, CO2 relevance, resource 
efficiency, etc.) expected during the multiplication phase, in the medium term? 
Introducing alternative business models such as Buy Back or Lease ensures take back of faulty 
systems or components and helps to reduce negative environmental impact of off-grid solar 
products by 30%-50%. Local battery refurbishment in Kenya reduces negative environmental 
impact of off-grid solar products by around 30%. Scaling alternative business models as well as 
local battery refurbishment will have a significant impact and will contribute to make power supply 
through off-grid solar systems a more sustainable solution for remote areas.  
Beyond that, the socio-economic benefits from building more circularity into the SHS economy are 
vast. The potential for job creation runs in the 100s of new jobs just with Solibrium alone, and the 
additional income that can be generated locally is also very significant. The current economy is built 
around transfer of funds from already poor and marginalised communities to developed nations 
where the SHSs are manufactured, whereas a more circular approach that increases the lifespan 
of SHSs and allows for local people to participate in repair and refurbishment will work to keep a 
significant portion of the financial benefits locally. 
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7. Lessons Learned / Conclusions 
What are this project’s main findings and conclusions? 
Regarding awareness creation: 
The project showed encouraging results from the awareness creation among solar users for knowledge 
and adoption of best practices. Solar users are aware of best practices for proper handling and for use 
of solar kits and the majority of them knows about the importance of getting qualified advice for repairs. 
Implementation of best practices results in better performance of solar kits as perceived by the users. 
However, it is important to continue with awareness creation to ensure continued and increased 
adoption of best practices. 
Further, solar users’ awareness for lifespan of off-grid solar products and their components (especially 
the battery) is key for the introduction of new business models that help reduce negative environmental 
impact of solar products. A good understanding of the expected life span of the solar product and its 
components allows users to assess for them the viability of alternative business models.  
Another important aspect to tackle the “e-waste” problem is to initiate a mind shift at all stakeholder 
levels: Faulty off-grid solar products should not be perceived as electronic waste, but as a resource. 
Therefore, we recommend talking about circular resource management instead of e-waste 
management. 
 
Regarding alternative business models: 
Two out of three tested business models showed promising results regarding uptake, feasibility, and 
environmental impact. The promising models will be further pursued by Solibrium. 
Buy Back model: This model was successfully tested and showed good response from clients. The 
demand for this model is huge, and the main factors limiting the expansion of the model is financing. 
Solibrium cannot afford to buy back components that are not from its own solar kits because it will not 
be able to reuse such components. However, to respond to these demands, Solibrium has opened the 
take-back option to all solar products, regardless of manufacturer. Still, the buy-back applies only to 
solar kits sold by Solibrium. There are two challenges: 1) Clients are not able to realize the value of the 
returned component immediately, because assessment of the returned component is not done at 
collection point; 2) Clients still remain unclear about how the model works, in particular how components 
are valued and what components are selected for buy-back while other components are only eligible for 
take-back. More awareness creation is needed to bring communities up to speed on how the model 
works. 
Lease model: The lease model is the most attractive model for Solibrium but also carries the most long-
term risk. The test phase showed very encouraging results regarding client’s interest, payments, defaults 
and sytem failure. Solibrium will be aiming to roll it out on a larger scale and eventually integrate it as a 
key part of Solibrium’s business model into the future.   
ARF model: This model failed during the test phase. Though the ARF fee makes the most economic 
sense in the long term, without legislative and regulatory support, it is not practical. For the ARF to take 
off, a majority of manufacturers should be required to incorporate it into the cost of their product. Until 
then, low-income clients who seek to maximize their return per dollar spent will not be willing to pay an 
extra fee for the same product if they can avoid to. The ARF model still has potential, but it requires 
intervention on a larger scale. A single distributor like Solibrium does not have the ability to shift the 
market in this direction. 
Alternative business models for off-grid solar products such as the Buy Back or Lease model have the 
potential to reduce GHG emissions and negative environmental impact by 30% to 50%.  
 
Regarding battery refurbishment:  
The battery is the most critical component in a solar kit: it is the most expensive and most toxic part and 
the component with the shortest lifespan. Local battery refurbishment in Kenya is technically feasible 
and reduces total environmental impact by around 30%.  
 
Battery refurbishment implemented in combination with a Buy Back or Lease model to ensure take back 
could be the main pillar of an e-waste strategy for off-grid solar products in Kenya.  
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Which recommendations can be made for similar projects, or within this context?  
• Put a focus on continued awareness creation among all stakeholders. It is key for the adoption 

of best practices for proper handling of off-grid solar products as well as for the adoption of 
alternative business models. 

• Further, do not talk about electronic waste, but about resources that still can be used in a circular 
economy. Thus, we recommend talking about circular resource management instead of e-waste 
management.  

• Most international SHS manufacturers are still not clear about how to improve the sustainability 
of their products, or rather they are not willing to do so. Their business model is still to sell as 
many kits as possible, which unfortunately is only possible with a limited lifetime of the products. 
It would be desirable to extend Solibrium's sustainable approach to all players in the sector. 

• High level engagement on the issues addressed in this project is key. Until buy-in is obtained 
from manufacturers and regional governments, little tangible progress can me mad. 

 
Interesting observations within the project’s context: Which of your personal impressions would you like 
to share? 
One of the most interesting observations was the willingness and desire among rural communities to be 
part of a positive change model. We were surprised by the uptake and buy-in by local partners of the 
sustainability initiatives we were promoting. Women, in particular, show more willingness to move 
forward, perhaps they are weary of their negative experience with the “business-as-usual” model in life 
in general. We had women asking to be trained in repair and refurbishment, volunteering for waste 
collection, and coming forward to drive awareness creation activities. Having been for the most part 
marginalised from the formal economy in rural areas, they are seeking a change and willing to try new 
things that will break the mould. 
Another important observation is that the e-waste problem in rural areas can only be tackled when 
working together with existing structures like the informal waste sector.  
 
Exchange with IEA PVPS Task 12: 
Due to the pandemic which required special efforts by the team to get the project going and to actually 
finish it by the end of 2021, the consortium has not had the time to interact with the IEA PVPS Task 12 
Group. However, there has been sporadic contact with Dr. Rolf Frischknecht (treeze) on other matters 
and during the LCA Discussion Forums over the past 2-3 years. 
Looking at the documents produced by the IEA PVPS Task 12 Group last year (https://iea-
pvps.org/wp-content/uploads/2021/11/IEA-PVPS-Task12-LCA-PV-electricity-_-Fact-Sheet.pdf), the 
focus of the life cycle assessment of the PV systems was put on the production of the PV Panel, the 
inverter and the balance of the system, whereas the End-of-life phase was – for the time being - 
assessed through a recycling process (“Almost all emissions from the PV life cycle are through the 
manufacture of the system. There is little impact from end-of-life activities and almost no impact at all 
from their operation”). This is of course the scenario everybody wishes for, though the reality in many 
countries / continents is landfilling and incineration/open burning of PV panels once they go obsolete. 
Task 12 Group has published another report in 2021 on the topic “PV Module Design for Recycling 
Guidelines” (https://iea-pvps.org/wp-content/uploads/2021/10/T12_2021_PV-Design-for-Recycling-
Guidelines_Report.pdf). These guidelines emphasise on the importance of longevity, durability, 
reliability of the products, which is very much in line with the findings and outcomes of this REPIC 
project. Point 3 of the guidelines mentions “Recycling outcomes can be enhanced by minimizing 
hazardous materials in products, or by recovering these materials completely”, which is also pointed 
out several times in this report. The same applies to point 6 of the guidelines, namely “Design for 
disassembly (DfD) can improve recyclability”, and point 9, “Designing products to use recycled 
materials promotes circular manufacturing”. 
The Executive Summary of the Recycling Guidelines by Task 12 Group closes with the following 
statement: “We further discuss how established trends in design of PV modules could affect 
recyclability. If adopted today, application of these DfR guidelines could help to mitigate tomorrow’s 
resource scarcity, lower the barriers and cost for PV recycling, and enable a circular economy during 
the energy transition.” 
Again, this is very much in line with the outcomes of the REWMOS project. It can be concluded that 
there are clear ideas and strategies on how to proceed in the future from an environmental point of 
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view. At the same time, we must accept that things will not develop as fast as they should, because of 
financial interests of different stakeholders in the PV/SHS market, resource restrictions, trade barriers, 
lack of infrastructure etc. 
Now that the restrictions regarding COVID are loosening up and “live-meetings” will be more and more 
possible, we do intend to organise a meeting with Rolf Frischknecht to present the outcomes of the 
two projects and to discuss possible ways and scenarios for the future of SHS and the end-of-life 
phase of the PV industry in general. 
 
 

  



 
   

21/23 

https://myclimate-my.sharepoint.com/personal/tobias_hoeck_myclimate_org/Documents/220310_REPIC_FinalReport_myclimate_Kenya_final_V2.docx 
 

8. References 
 
Links: 

• Project’s website: https://www.solibrium-solar.com/rewmos-2 
• Global Leap Awards: https://globalleapawards.org/e-waste 
• I2G Project: https://www.solibrium-solar.com/i2g 
• Footage from awareness creation workshop in Nairobi, Sept 2018: 

https://www.youtube.com/watch?v=SOBKVdcR_Ac 
• Video recording of High-level stakeholder workshop in Kakamega, 16 August 2019: 

https://www.youtube.com/watch?v=NaTmLs11GvU&feature=youtu.be 
• Solibrium Youtube channel: https://www.youtube.com/channel/UCA7TC_p3DI-

9zy8w9Kv1G6A/videos 
 
Project Reports: 

• REWMOS_Workshop_1_Report_2018_05_25.pdf 
• REWMOS_Workshop_2_Report_2018_09_21.pdf 
• REWMOS_Solar Users Survey Report_2018.pdf 
• REWMOS_Report_Stakeholder_Interviews_July_Aug2018.pdf 
• REWMOS_Phase_I_LCA_Report_Oct2018.pdf 
• REWMOS_Phase_1_Draft_Best_Practices_2018.pdf 
• 190405_REWMOS - Summary of Best Practices.pdf 
• 190521_REWMOS Solar User Awareness Creation Report.pdf 
• REWMOS_LCA_Report_myclimate_20190606_FINAL.pdf 
• REWMOS - Business Model Development - UPDATE 20200505.pdf 
• A report on Solibrium and Aceleron Refurbishment Activities – 2020.pdf 
• REWMOS - Buyback Awareness Creation Report - Summary Report - 2019-09-16.pdf 
• REWMOS Phase 3 Report - 2020-04-17_FINAL.pdf 
• 211119_REWMOS_Phase_IV_Report_CF_SHS_Business_Models_003.pdf 
• REWMOS - Workshop 4 -  Local Stakeholder Consultation Report - 2021-12-02.pdf 
• REWMOS - Workshop 5 -  High level Stakeholder Consultation Report - 2021-12-09.pdf 

 

  



 
   

22/23 

https://myclimate-my.sharepoint.com/personal/tobias_hoeck_myclimate_org/Documents/220310_REPIC_FinalReport_myclimate_Kenya_final_V2.docx 
 

9. Annex 
 
Pictures from the project activities 

 

Awareness creation activities among solar users with the aim to check if solar users are applying best 
practices and at the same time to create awareness for new business models 
 

Radio talk show was held on 2nd Augsut 2019 at Lubao FM 102.2 FM) where more than 1,000 listeners 
had tuned in. 
 

High-level stakeholder workshop with decision makers at Golf Hotel, Kakamega, 16 August 2019: 
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Testing of Li-Ion battery cells from an OmniVoltaic system at Aceleron in Nairobi. 

Test results for the battery cells. Only cell number 7 shows weak performance. All other cells could 
be used again in a refurbished battery. 
 

One of Solibrium’s technicians undertaking repairs at a solar home system. 
 
 
 

 


