OCTOBER 2024

Q:SolarAid UNSW

YYYYYY



The report was authored by:

John Keane (SolarAid), . N P
Matthew Kearnes (University of New South Wales), SO I a rAI d U W
Jamie McCloskey (SolarAid),

Paul Munro (University of New South Wales)

and Shanil Samarakoon (University of New South Wales).

SYDNEY

We are gratcful toall the industry experts who providcd comprchcnsivc feedback and insights for both survey dcsign

and the ana]ysis and results presentcd in this report. Speciﬁcally, we would like to thank: Andrea Arricale (World Bank),
Emilie Carmichacl (Energy Saving Trust), Jamic Cross (University of Glasgow), Stefan Eibisch (G1Z), Charlic Miller (Energy
Saving Trust), Kia Muukkonen (Triple Jump), Mike Ofuya (Efficiency for Access), Rebecca Rhodes (GOGLA),

Samson Sahmland-Bowling (Open Energy Labs), Christine Eibs Singer (Individual), Jakub Vrba (Energy Saving Trust) and
Martha Wakoli (Efficiency for Access).

Published by:

SolarAid

First Floor, 7 Blackhorse Lane,
E17 6DS

London, United Kingdom

This report was funded by:

~

W

A

7z Jump

N

Triple

Photograph credits: SolarAid/Jamil Banda and UNSW/Shanil Samarakoon, Paul Munro
Contact: info@solar-aid.org
Publication date: October 2024.

Cite as: ] Keane, M Kearnes, ] McCloskey, P Munro and S Samarakoon (2024) State of Repair in the
Off-Grid Solar Sector (SolarAid: London).



Component-based system - A solar system that is composed of distinct, interchangeable components eg; a solar panel,

inverter and battery, that can be individually selected, assembled, and replaeed as needed

Distributors - Companies or entities that purchase solar products from manufaeturers and SC” them to retailers, instal]ers, or

end—users

Donors- Organisations or individuals that provide financial or material support for off-grid solar projeets, often with a focus on

social impact and sustainability. Donors can include NG Os, foundations, and philanthropic entities

Investors - Individuals or entities that provide capital for off—grid solar projects or companices, through debr or equity invest-
ments, in exchange for financial returns. Impact investors may trade lower financial returns for demonstrated social or environ-

mental impact.

Manufacturers - Include companies that produee off—grid solar products such as solar iights and solar home systems. It can
also include companies that produce solar components such as panels, inverters, batteries, and other related equipment. They are
responsible for the design, production, and quaiity control of these produets

National Renewable Energy Associations (NREAs) - Organisations at the national level that promote the adoption and
development of renewable energy technologies, including solar power. They often engage in advocacy, policy development, and

industry support.

Original Equipment Manufacturer (OEM) - A company that produces complete solar systems, parts or components that

arc LlSCd in another eompany’s soiar Pl’OClLICtS

Pay-As-You-Go (PAYG) - A financing model that allows customers to pay for solar energy systems in small, regular instal-
ments rather than upfront. This model is particularly popular in off-grid markets, as an approach to make solar energy more acces-

sible to low-income houscholds.

Plug-n-play Solar Systems - A complete pre-packaged solar system that can be casily installed and used without extensive

technical knowledge

Productive Use Technologies - Technologies that enable the use of solar energy for income-generating activities, such as

solar-powered irrigation systems, refrigeration for agricultural products, and solar-powered machinery.

Solar Energy Kits (SEKSs) - Pre-packaged off-grid solar kits that include all necessary components for seeting up a basic solar

POWCY system.

Verasol - VeraSolis a quality assurance program that ensures that off—grid solar products meet international standards for quality,

durability and performance.

Vertically Integrated Company -A Vertically integrated solar company isa company that controls muitiple stages of the

solar energy supply chain, from the produetion of solar panels to their sale and distribution.
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Of the 375 million solar energy kits that have been sold and distributed to off—grid populations around the world by the formal
off-grid solar sector since the carly 2000, more than 250 million are estimated to have fallen into disrepair. Thus, while the sector
has made some notable contributions to the United Nation’s Sustainable Dcvclopmcnt Goal 7 of “affordable, reliable, sustainable
and modern energy access for all” by 2030, the widespread presence of broken-down products tarnishes this achievement. This is
particuiarly problcmatic foran industry that pridcs itself and trades on bcing sustainable. The recent expansion and growth in the

adoption of off—grid solar applianccs is further cxaccrbating this sectoral e-waste challenge.

The positive news is that many of these broken products are rcadily rcpairab]c (more than 90% according to arecent study), and
most households tend to hold onto broken solar products in the hopc thcy can be fixed in future. Therefore, there are clear oppor-
tunities for the sector to cxpand its work into solar repair, which would result in improvcd household energy access, enhanced

scctor reputation and more sustainable praxis.

There are many companics, investors, organisations and pcoplc within the off—grid solar sector who have been experimenting with
rcmarkably innovative approachcs for cnhancing repair in their operations. Yet the sector needs to improve the ways in which it
opcnly shares experiences - its challcngcs, its failures, its brcakthroughs and successes. This formed the impetus for this study and
report, to providc a snapshot of what the sector is currcntly doing in terms of off—grid solar repair, as well as to serve as a catalyst
for dcvcloping new ideas and recommendations for off—grid solar repair, paving the way for sector-led initiatives to coilaborativcly
address these pressing chaﬂcngcs. The research basis of this report draws from a sector-wide survey conducted in Scptcmbcr 2024,

which 75 different stakeholders — from companies and organisations operating in 31 countries - rcspondcd to.

Key insights from the survey include:

A Key recommendations
90% of all off-grid distributors are already delivering some kind of repair service .
oo . . , emerging from the survey
as a part of their operations (most of the other 10% expressed a desire to deliver include:
these services, but were carly—stage firms that were not yet in financial position to
do so). Strategies  are needed to

ensure there is better access

Batteries are by far the most likcly failure point in ofF—grid solar products,
tO Sparc parts;

sometimes causing a product to become obsolescent even when all other
components are pcrfcctly functional. Integrate more rcpairablc

i ) . , o design across the sector and
Access to spare parts is a major logistlcai challcngc for off—grid solar distributors

across the Global South.

enhanced consumer protec-
tion; and

New, rcplicablc, business models are needed to increase rcpair services to the last . .
Business model testing,

mile. . .

training and sharing for a
There are diffcring pcrspcctivcs between manufacturers and distributors in terms range of different rcpair
of how rcpair is currcntly opcrating, and who should be conducting rcpairs — this approachcs.

has resulted in some tensions.

There is an incrcasing interest in rcpairablc dcsign as a core approach for the

Sector.

A sector-wide effort involving multip]c workstreams is rcquircd to ensure these recommendations translate into action and
address the urgent needs within the industry This report is the necessary step to capture current voices, ideas and recommen-
dations on off—grid solar repair. The organisations authoring this paper propose to evolve their current program into a partner-
ship-led Repair Lab for the off-grid solar sector to ensure the leading organisations focusing on off-grid solar repair can actas one
— for the customer, the environment, sector and for SDG7.



Since the carly 2000s, more than 375 million solar energy
kits have been distributed o off-grid populations around the
world, cxtcnding lights to more than half a billion pcoplc,l
thus making notable, if still insufficient, contributions to
the United Nations Sustainable Development Goal 7:
“affordable, reliable, sustainable and modern energy access for
all”by 2030. This off-grid solar boom has been underpinned by
arapidly growing off-grid solar private sector industry, which
has attracted more than US$3 billion in investment since
20102 As the sector has grown, so has the array of products on
offer, with an increasing range of technologies (e.g, televisions,
radios) and productive use appliances (eg fridges and water

pumps) now available to off—grid households.

Hampcring this energy access achievement, however, is the
rcaiity that many of these solar products - usual]y with limited
l—Z—ycar warranties — have cxpcctcd product—iifc spans of a
few years. As such, it is estimated that of the 375 million sold
over the last two decades, around 75% of them have fallen
into disrcpair.5 The recent growth in the adoption of off-grid
solar applianccs is cxaccrbating this sectoral e-waste chalicngc.
This is a major concern and requires urgent attention.
Product failure can create rcputational issues for oﬂ:-grid solar
companics, result in customer dissatisfaction, undermine
efforts to combat climate changc, present waste chailcngcs
for governments and result in negative environmental
impacts. Therefore, itis in everyonc’s interest that off-grid solar

products iast as long as POSSiblC.

There are clear opportunities  to address this pressing
chailcngc. In a recent whitcpapcr on OﬂGrz’d Solar Repair
n Aﬁica, for cxamplc, field research in Zambia showed that
more than 90% of non-functioning ofF—grid solar products
could be fixed at low cost with relative case.” Furthermore,
the vast majority (89%) of houscholds tend to hold on to
their broken solar products, sceing them as holding value and
perhaps being repairable in the future? Repair is therefore a
salient approach to addrcssing the rise of broken-down solar
products. This approach is also the most cnvironmcntaliy
sustainable (comparcd to programs focused on rccycling)
while extending customer value for money and supporting

thC dcvclopmcnt ofa local rcpair 8.1’1Cl reusc cconomy.

Indeed, there are many Companics, investors, organisations
and people within the off-grid solar sector who have been
experimenting with rcmarkably innovative approaches for
minimising and avoiding solar waste. This has generated new
insights and has surfaced financial, logistica], technical and/
or social challenges. Yet the sector needs to improve how it
openly shares experiences — from its challenges and failures
to breakthroughs and successes. The purpose of this Stare of
the Repair report s exactly this - to create a space where expe-
riences around solar repair and e-waste management can be
Widcly shared and anaiyscd, cstablishing a basis for visioning
and charting out potential routes to enhance the sector’s
sustainability credentials through cxcmplary repair poiicics
and practices.

The evidence basis for this report is the results of a survey
conducted in Scptcmbcr 2024. An impressive 75 organisa-
tions rcspondcd to our call-out for sector stakeholders to
share their experiences, insights and data - spanning different
facets of the oi:f-grid solar sector ecosystem. The responses
we received have helped to deepen our understanding of
the current cross-sector challcngcs for off-grid solar repair,
and providc insights into where the sector might go next,

including salient avenues for collective action.

Photo: UNSW / Shanil Samarakoon



State of Repair in the Off-Grid Solar Sector 2024

Methodology

The primary data for chis report was collected through a survey, co-dcsigned with input from a diverse range of stakeholders

from the off—grid solar ccosystem. This survey focused on the dissemination of oﬁr-grid solar products through ﬁVMﬂ/ markets

(Companics afhiliated with industry associations and meeting quaiity standards) that are sold on a cash and pay-as-you-go (PAYG)

basis - particuiariy as thcy have clearer after-sales service obiigations. The collaborative dcsign process ensured that che survey

fOCLlSCd on ti’lC most saiient aspects ofrcpair and Capturcd a WldC array ofscctorai perspcctives.

There is, however, an mforzmz/ off—grid solar sector operating across Cncrgy—poor—markcts, with complex trading networks, which

also presentsa maj or Chaiicngc for solarwaste. Given its ephemerai nature, it was not directly cngaged withasa part of this research,

nevertheless, many of the recommendations will provide indirectimpacts in addrcssing some of the solar repair and e-waste issucs

associated with this paraiiel ofi:-grid Sector.

Survey Design and Development

The initial draft of the survey was devciopcd the by the
rescarch team at the University of New South Wales drawing
on existing literature, fieldwork experience, and preiiminary
discussions with stakeholders. This draft was then prcscntcd
toa panci of industry experts, inciuding representatives from
distributors, investors, and non-governmental organisations
(NGOs). Their feedback was instrumental in refining the
survey questions to ensure relevance, ciarity and comprchen—

siveness.

Distribution and Data Collection

The finalised survey was distributed through targctcd industry
networks to maximize reach and response rates. This included
direct engagement with industry associations that enabled
engagement with association memhcrships, and scnding
pcrsonaiiscd email invitations to a wide range of stakeholders
such as distributors, manufacturers, investors, consultants,
international NGOs and institutions, through partner organ-
isations in the sector. Data collection was conducted over
three weeks in Septemher 2024, with reguiar foiiow—ups to
encourage participation. Artotalof 75 SUrvVey responses — from
companies and organisations operating in 31 countries — were
then compiicd and anaiyscd using both quantitative (dcscrip—
tive statistics) and qualitative methods (thematic analysis)

to provide an overview of current practiccs, chaiicngcs, and

OppOI‘tlll’llthS mn ti’lC Oﬂ:-grld soiar rcpalr sector.

Type of organisation Core Activities No. of
responses

Of-Grid Solar Companics involved in the design and manufacture of off-grid solar products 8

Manufacturers

Vcrticaiiy Integratcd Company involved in the dcsign, manufacture and distribution of off-grid solar 13

Company products

Of-Grid Solar Company involved in the distribution of oﬁr-grid solar products 36

Distributors

Investors Companies investing in the solar sector, eicher through debtor Cquity investments, for 5
commercial and/or social-impact purposcs

Donors Bilateral or mulcilaceral organisations providing funding for the off—grid solar sector. 2

Other Included in this category are consultancies, waste management companies, and 11
industry associations

Figure 1 - Types of organisations repmmled
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Figure 2 - Geogmpbzr scope of mpoﬂdmt;
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Current Practices in Solar Repair

Overview

This section of the report focuses on the experiences of companies that are at the frontlines of selling oﬂ:—grid solar products -

oﬁc—grid solar distributors and verticaliy intcgratcd companics —who tend to be the first port of call for dcaling with oﬁc—grid solar

repair.
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ngrf 3- T)/]m af ])mﬂ’um sold 1{)/ mrmym’ gfgﬂﬂ’ solar distributors and vertz’mlb/ z'ntfgmtm’ companies.
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Fzgure 3 shows the breakdown of the different products sold
by the companies survcycd. The most common were piug—n—
piay solar home systems with more than 80% including these
as part of their portfoiio of sales, which is unsurprising as it
is these systems, so often paired with pay-as-you-go (PAYG)
fintech, that have arguably been the backbone of the sector’s
growth, attracting significant investments. Nevertheless,
there is also a good representation of companics distributing
pico-soiar lanterns and largc componcnt—bascd systems, as
well as those sclling houschold and productive use appii—
ances (PUE). Most companies’ products were cither fully or
partially Verasol quality verified (86.1%).
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Figure 4 - Size of different companies, based on their total mumber of off-grid solar product sales since their founding

The respondents were an excellent cross-section of companics
in terms of their size and time working in the sector. As Figure
4 shows, companies surveyed include startup and/or small
companies with less than 50,000 products sold, as well as
mid-range operations, and large-scale enterprises.

2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2014

B Off-grid distributor Vertically-intergrated company

Fzgun’ S- Fouﬂd[ﬂg year of dz’.rtriéutz’ﬂg companies mrwym’

As illustrated in Fzgure S, there was also good divcrsity in
terms of the experience of the companics, including anumber
strctching back to the carly 2000s, with the vast majority bcing
founded during the PAYG solar investment boom between
2014and 2018



Ninety (90%) of companics involved in the distribution were
involved in offering some kind of repair service. The minority
(10%) that did not offer repair services were predominantly
smaller companies that did not yet have the capacity and/or
economies of scale to incorporate repair into their business
models. Most, nevertheless, were proactive in  consid-
ering repair for the future: “Our organization does not
currently offer the repair option to customers because
we are still trying to figure out the logistics, processes
and pricing structure to be used” (Distributor).

CCI]K["AI V\/Ol‘kShOP In—ﬁcld and iI‘l—h()LISC 31({ party tcchnicians

Fz’gure 6- Appmm‘/ﬂfr to repair /gy distributors and Lffrlz'az/b/ z'n[fgmlm’ companies.

Overall, the most common strategy adopted for repair
was the use of an in-country centralised workshop. Techni-
cians in their Workshops gcncrally bcing trained in repairing
the companys portfolio of products, with manufacturers
sometimes offcring standard operating proccdurcs for the
repair of different products. The preference for a centralised
approach appears to be driven by several factors, including
alignment with warranty procedures (which require formal
product assessment), access to skilled technicians and manu-
facturer requirements of who should be doing repairs (espe-
cially with Verasol-verified products). Many companies
nevertheless used their field agents (including sales agents) to
be the first port of call to try and “resolve the issue when
it’s minor” (Distributor). Call centres also play an important

role in troublcshooting problems with customers.

Photo: SolarAid / Jamil Banda

Generally, if the system breakdown occurs when the product
is still in warranty, then most manufacturers opt to replace
(rather than locally rcpair) the product that breakdown within

awarr anty.

“we try replacing if it’s under warranty”

“we ask the customer to give it back to the
outlet where it was purchased and replace the
same at the counter itself, we replenish it to the
partner where we sell the same”

“a product replacement. This ensures less time
is spent within the process and customers are
resolved in a timely fashion.”

This approach is seen as the most effective in terms of
rcsolving customer issues rapidly, cspccially givcn their dccp
reliance on these products for core CNergy services. Although,
from a sustainability perspective, it is perhaps less efhcient
than dircctly repairing, cspccially if the issue is minor. Manu-
facturers will then usually refurbish the broken product for
re-sale ata later date. There are some other inefhciencies in this
approach. Aswe cxplorc more below, customers often have a
sentimental attached to their alrcady purchascd off—grid solar
products, often wanting the same product back. While refur-

bished products can sometimes be hard to sell.
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In the case of products with cxpircd warranties some distrib-
utors noted that some manufacturers were becoming more
controlling of repairs around their products. Even beyond the
warranty pcriod, itwas noted that manufacturers were increas-
ingly prcssuring distributors to refrain from rcpairing their
products. The reasons were not always clear, but this strategy

may be driven by intellectual property and quality concerns.

Only a minority of distributors and vertically integrated
companies used third-party technicians, with a small number
of companies recentlylooking to expand chis effort, motivated
by cost cfliciencies - “in future, to reduce costs and
increase repair coverage, [we are] seeking to partner
with organisations with particular agreements to
cover last mile repairs” (Vertically Integraced Company).
Many other companies were open to similar arrangements in
future. Significantly, most companics (63.6%) surveyed that
were involved in distributing products were bappy to repair
products that were outside of warranty and did so by charging
asmall fee.

In terms of the employment of in-house repair technicians,
most companics (61%) said they had employed 10 or fewer.
There was a notable gender imbalance with 33.5% citing that
thf:y had no women technicians cmploycd, this primarily
consisted of smaller distributors with five or fewer technicians
cmploycd in total, Across the survey samplc, it is estimated

that the median rcprcscntation of female technicians as a

Why repair?

6.00

chutation and Cost savings

customer loyalty

2.00
1.00 I
0.00 e e e e - -

Environmental

sustainability

M Distributors

proportion of all technicians cmploycd is 30%. The rela-
tivcly low number is not just an issuc in terms of technicians,
but the energy sector as a whole, where women are scvcrcly
undcr-rcprcscntcd. A recent initiative to train women techni-
ciansin Kcnya shows some of the potcntial benetits of training
women technicians, most notably in rural areas where they

tend to remain with communities post—trainingf

With respect to training, several companies referenced the
need for technical qualiﬁcations/ certifications as a prerequi-
site for undertaking repairs. The majority outlined targeted
in-house training cfforts based on their product portfolio.
This included product training programs provided by some
Original Equipment Manufacturers (OEMs) for  their
products, along with diagnosis and repair videos and manuals
for broader in-house training, Notably, one organisation has
created an open-access repair app (available on Android),
that provides stcp-by—stcp guidcs on how to repair a range of
products. While some manufacturers were happy to provide
blueprintsand/or guidance, one survey respondentalso noted
that one manufacturer was resistant to having their products

liSth on tl’lC app and wantcd them to lDC rcmovcd.

Quantitative assessments of success with repair varied widely
with several companices having no clear data, and others
citing successful repair rates between 60-100% (of products
returned).

Safety when Investor Other
conducting repairs expectations
Vertically-intergrated company Manufacturer

Figure 7- Reason for repair, ranked by Distributors, Vertically Integrated Companies and Manufacturers
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When asked about the motivations to pursue repair, “repu-
tation and customer loyalty” was ranked (relative to the
other options) the bigbcst by distriburors, Vcrtically inte-
grated companies and manufacturers (Figure 7). Distributors
were the most cmpbatic with their ranking, undcrstandably as
this business model is heavily grounded in building and main-
taining a largc and diverse customer base. This was discussed
in terms of quality repair services bcing animportant pathway
to building crcdibility, trust, satisfaction and thereon, loyalty,
A core part of repair also involves cstablishing and main-
taining pcrsonal rclationsbips. As succinctly cxprcsscd by one
distributor, “reputation drives sales”. This is something
that 60 Decibels noted in their Why Off-Grid Energy Matters
2024 report, that functional off-grid solar products that meet
customer expectation is the cornerstone of the industry, and
undcrpcrforming or broken products can affect satisfaction,
and then affect “word of mouth, referrals, and scale” in

off—grid distribution opcrations.é

Notably, off—grid solar manufacturers rated environmental
sustainability rclativcly high compared to companies
operating in distribution. This is perhaps a reflection of how
there migbt be sligbtly different cmphascs in missions. The
off—grid Sector is arguably built on two kcy moral economies —
the social objcctivc of rcducing energy poverty, and the envi-
ronmental objcctivc of promoting green encrgy. The latter
objcctivc potcntially has a great pertinence and cmphasis
among manufacturers. Overall, those discussing the benefits
of repair from an environmental standpoint were of the view
that their commitment to sustainability “does not start and
end at distribution” (Distributor). Repair was thus scen as
a means to extend product life and reduce e-waste. There is
therefore a strong moral economy within the ol‘F—grid sector
for solar repair from an environmental standpoint, which
has the potcntial to be translated into a greater cmpliasis on
sustainability and off—grid products —notjustin the provision
of green energy - but through to the end of their product life

CYClCS.
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Common Repair Issues
Batterics
Switches
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Figure 8a — Most common repair issues as yanked b)/ distributors

The most common component, identified by the survey
respondcnts, that caused failure and repair challenges were
batteries. Notably, barteries (usually) cannot be rcpaircd,
but rather need to be rcplaccd, SO repair Challengcs relating
to batteries tend to be articulated in terms of availability or
replaccmcnt, and whether thcy can be casily removed and
rcplaced without damaging casings, clectrical systems and
other aspects. Switches, wiring, internal components and
LED lights were also highly ranked as challcnges but with
batteries, their failure, and atcempts to replace/ repair them

were where most companics Cxpresscd their frustration.

As one distributor noted, “Batteries are not available
once the manufacturer replaces products with new
models which are very frequent as they keep updating
designs.” Another distributor cxpericncing similar issues
noted: “It appears that manufacturers are going the
route of the cell phone and designing products just
for the life of the battery. They do not expect the
customers to open the units to change batteries which
is the most common failure point and shortest life
component in our view.” There is an expected obsoles-
cence for the product based on bateery life for solar lamps and
smaller plug-n-play solar home systems.

Overall, the slow rcplacemcnt of batteries, and prcfercnce for
more centralised approachcs to repair by manufacturers, was
particularly frustrating for both customers and distributors, as
in most products, batteries are rclatively casily to replace. To
resolve this issue, some companies are looking to third-party

party supplicrs to hclp resolve their battcry supply issues.

|

Nevertheless, despitc efforts to use third-party supplicrs,
distributors are highly reliant on ofl:-grid manufacturing
companies and original cquipment manufacturers for their
spare part supplies. As one distributor suggested: “you can’t
get PCBs, switches, etc from anyone but the manufac-
turer.” More than thrcc—quartcrs of companics survcyed were
complctcly reliant on manufacturers/ OEMs for their spare
supplics (see Fzgure 8b). This issue is most likely related to the
solar lanterns and plug—n—play solar home systems, as there is

more flexibility with component-based off—grid solar set-ups.

3.2%

B OEM/Manufacturer

3rd party supplier
I Both OEM and 3rd party

Figure 8b - Source of spare parts
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Rating different facets of repair

Rcspondcnts were asked to rate (out of ) their experience of
different facets of repair, with results between distributions,
vcrtically intcgratcd companices and manufacturers showing
some stark differences (See Figure 9). Distributors rated them-
selves the lowest across all categorics, whereas manufacturers,
in sharp contrast, rated themselves the highest across all cate-
gories. This dynamic could speak to how repair challenges are
most acutc:ly Cxpericnccd hy companies dcaling most directly
with energy uscrs. There was some consensus that the sector
was perhaps doing best in areas of “safety compliance”

—_— o (9 W
—_ N %] N (OS] N S v N

Safety compliance Customer satisfaction

M Distributors

Figure 9- Rating of different facers of repair by stakeholders

6.5%

M less than 1 month
1-3 months
[ 3-6 months

M Longer than 6 months

Figure 10- Time to secure spare parts (distributors)

Timely collection

and “customer satisfaction” (although distributors were
more hesitant with their ratings), while success in the “timely
collection” of off-grid solar products generally being rated
lower by all. The starkest difference was in manufacturer
support, with distributors rating this as their lowest (2.6 out
of 5) area, and manufacturers ratingicas their highcst (4.8 out
of 5). Evidcntly, there are Vastly diffcring perspectives in this
context, and tensions from this disparity are explored further

in suhscqucnt sections of this report.

Nl

Cost ofrcpair Manufacturc SU.PPOI‘I:

Vertically-intergrated company ™ Manufacturer

One theme that cmcrged from this frustration, was the often-
long lead times it took to secure spare parts (see Figure 10).
Manufacturers acknowledge the challenges around shipping
times, and how these logistics were the “main challenge”,
particularly due to cost “One specific challenge is access
to battery spare parts as we cannot ship it easily only
for repair. It has to be included in [a] bigger shipment”
(Manufacturer).



In terms of waste management, 85.3% ot distributors rcportcd
that they had a waste management strategy. Mostly, this
tended to involve collccting broken products, harvcsting
them for spare parts and then storing the remainder in a
central warchouse before scnding themtoa (usually certified)
local e-waste rccycling facility. How effective these rccycling
facilities are, however, was bcyond the scope of this report.
Given this limitation, it is highly unlikely that most recycling
facilities can rccyclc any of the more complcx or hazardous
components (c.g. lithium-ion batteries, panels) and thus not
all components would be cffcctivcly rccyclcd. Local capacity
for e-waste disposal and recycling is also highly variable by
country, and in particular batteries offered a challcngc in this

spacc:

“There is no local company that recycles the
[lithium ion] batteries”

“We are currently storing lithium-ion batteries
since we do not have a recycling option”

“We normally store our dead batteries in a dry
wood box in a technician’s office”

Lithium lon Plastics

Wiring

Barteries

Solar Panels

“We collect and store [lithium ion] batteries.
This is getting larger, and we have no safe
method of disposal available”

These challcngcs are a concern, as across the rcspond-
ents, it was lithium-ion batteries that were by far the most
common component of waste (See Figure 11). The minority
of companies that did not have a waste management plan
tended to mainly just stockpi]c broken products, hoping thcy
could come up with a coherent strategy at a later date. This
approach poses eminent health and safcty risks, particularly
in the case of lithium-ion batteries which are prone to over-

hcating and lcakage in storage.

Some companies note that it was a challenge to collect
products as “most customers do not want [to] let go
of their products, even if they are faulty” (Distributor).
People still value broken-down products, as something to
kccp in case thcy are of some use in future. This is a challcngc
that will only grow as the sector reaches more remote, conflict
and disaster-aftected areas, which is a part of current initiatives
around ‘Leave no one behind” However, it also presents an
opportunity to fulfil the customers preference and improve
brand loyalty by repairing a broken-down product, if it is
indeed rcpairablc.

Lead acid

batteries

App]ianccs LED Lights Other
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Respondents oudined a diversity of chailcngc‘:s that impact
the effective and efhicient rcpair of off—grid solar products.
Notably, many of these challcngcs are interrelated and share

{:CSIUFCS ofrcpair chalicngcs acCross a rangc OfSCCEOI’S.

Access to spare parts

Echoing the issues identified, getting access to spare parts
promptly was the highestranked challenge for companies

involved in distributing oi{«grid solar products:

“Spares are purchased in China where the
suppliers are based, with the scarcity of forex in
the country, orders take time to be honoured,
further, since they take time there is a need to
buy in large quantities which also requires more

funds”
Photo: SolarAid / Jamil Banda
Cost of product repair
“The biggest challenge we currently face is Related to this, survey respondents point to the fact that the

access to high—quality spare parts which are not cost of engaging in and completing repairs can be prohibitive

readily available from the manufacturers of the and challenge currencbusiness models:
products making it difficult to get the repair

business to run smoothly” High costs are the single largest challenge to

our after-sales service”

“The lead time in spare part delivery from
China can be 3-6 months” “Sourcing of parts at a price that makes it

affordable for the customer is an issue”

« . o . .
Maintaining a robust customer service and
repair function is exceptionally expensive”

Various factors drive up these costs. These include, prices paid
for shipping replacement parts, as well as government regula-
tions and taxation. For Cxamplc, some countries have tariffs
on battery replacements for solar products.

Photo: SolarAid / Jamil Banda



Last mile logistics

Exaccrbating the cost of repair chaiicngc is the diﬂ'icuity and
expense of working in last-mile spaces, cspcciaiiy given that
most companies are opting for a centralised repair approach
(rather than using, more decentralised approachcs such as the

use of third—party party technicians):

“...the last mile, requires an extensive network
and logistics set up, however brings in no
revenue.”

“...Jlogistics can be very complex when products
g y p p
are distributed last mile”

<« . .
Given the remoteness and sparse population

of the rural areas and farming communities, ...

time, costs, availability and logistics become a

huge challenge”

Asone respondent noted, many distributors are aircady strug-
giing ﬁnanciaiiy, and the added burden of sctting up off—grid
product collection and repair can often be a stretch too far,
Another company noted that uitimatciy their repair opera-
tions had to run at a fiscal loss, while also noting there were
iikciy indirect benefits including building more trust with
their customer base.

As noted above, only a few companies are using third-party
technicians. Therefore, distributors are limited to the reach
of their agent networks and in-house technicians (typically in
centralised workshops) to diagnose issues and perform repairs
— a significant limitation in last-mile contexts where logistics

are both time consuming and costly.

Photo: UNSW / Paul Munro

Photo: SolarAid / Jamil Banda

Product tampering

As one respondent noted, delays in repairing can often
result in customer frustration, which can lead to customers
choosing to tamper with and attempt to repair products
themselves. This can cause greater issucs and warnings related
to the possibiiity for Voiding of warranties. Furthermore,
customers tampering and misusing solar products can often

be the source of the failure in itself:

“Customers ‘fiddling’ is the biggest cause
of failures”

“Customer behaviour is the tampering of solar

lights, most commonly to try to use the battery

of the pico-solar light to charge something else
like a phone”



Photo: SolarAid / Jamil Banda

Restrictive product design

Several distributors noted that restrictive product design
by manufacturers caused repair challenges. This could, for
example, be difhculties in terms of physically repairing the
product itself, or with manufacturers increasingiy wanting to
control product repairs (even out of warranty), rather than
allowing distributors or third-party technicians to conduct
them:

“...getting a product deployed that is hard
to repair due to the way the manufacturers
designed the product. This in turn pushes the
customers to either dirty sources or completely
in darkness and continue the cycle of energy
poverty”

“Restrictive product design doesn’t give the
company the right to do manual repair but
instead do direct product replacement”

“Since each supplier has its own policies, some
don’t allow us to repair their products”

There is a growing trend towards more moduiarity in project
design by some companies, so there is potential for changes in

this space in future.

Training

While many companies indicated that they were satisfied
with their in-house expertise in terms of repair some indicated

that had struggies in terms of attracting quaiity technicians:

“[we struggle in] securing quality technicians,
who are easy to train and have a customer-cen-
tric approach when interacting with customers”

“Maintaining trained technicians closer to
markets without adequate incentives is a

challenge”

Photo: SolarAid / Jamil Banda

There were also chailenges concerning third party repairers.
While many companies were interested in exploring opportu-

nities in chis space, they noted that capacity was a major issue:

“[third-party technicians are] unsatisfactory,
not skilled enough, no replacement parts, no
special tools”

“We tried outsourcing a third party to assist
with repairs of solar PV panels. However, the
repairs were not done to our standard”



F{gm‘f 12—~ M]x companies can be 574[)[7()7’[61// to prioritise repair

We asked companics to indicate how thcy could be best
supported to prioritise repair (Figure 12) and to oudine
any salient plans for repair. Consistent with the prcviously
discussed challenges around the costs and logjistics of repair,
distributors and vcrtically intcgratcd companics had a broad
interest in receiving guidance on how they could best incor-

porate repair services in their current business model (59%).

Rcspondcnts also outlined more spcciﬁc opportunitics to
help advance off—grid solar repair in the sector under the

following themes.

Better product design

“A lean product portfolio with repairable
product designs”

An cmphasis on the need to streamline product portfolios
and feature more repair-friendly designs (58%). This is closcly
allied with the most impactful arca for repair support, better

access to tools and spare parts (69%).

Educational and support resources

The development of high-quality and accessible educational
resources to aid repair ¢.g, detailed video tutorials. This relates
to the expressed need for more repair guidance from OEMs/
manufacturers (62%). These efforts may require collaboration
to cover arange of products, expedite development and share

COSts.

After sales and customer support

Proposed initiatives ranged from training agents to diagnose
and perform basic repairs in the field to the implemcntation
of after-sales software to improve transparency and customer

engagement in the repair process.

Battery refurbishment and replacement

These opportunities centred on improving access to rcplacc—
ment lithium-ion batteries from OEMs or third-partics.
Related opportunities involved Cncouraging customers to
bring faulty or “dead” bateeries to be checked and repaired or
returned to the distributor for safer e-waste management.

Skill development and training

These opportunities focused on enhancing the skills of tech-
nicians and field agents to improve the scope and quality of
repair. This related to the need for higher quality training at
two levels, between the manufacturer and distributor, and
between the distributor to technicians in the field. Inaddition
to the aforementioned educational and support resources,
opportunitics being pursued included partnerships with local
technical schools to recruit qualiﬁcd technicians— “We are
working on a MOU local technical schools to recruit
qualified technicians” (Distributor), as well as engage-
ments with schools: “We have technical super-agents
who schedule repair sessions in schools” (Vertically Inte-
grated Company). Initiatives like this could play an important
role in ensuring that there is a strong base of competent,
and geographically dispersed, technicians. One distributor
noted that — with grant support - they were able to conduct
upskilling and trainings with both internal and external tech-
nician, and are currently monitoring the long-term efhcacy of
this work.



In their recent report Why Oﬁr—Grzd Energy Matters 2024,
60 Decibels provide a poignant reminder of why making
sure off—grid are functioning cffcctivcly is essential: the user,
While broken-down products create cconomic challenges
for distributors, logistical challcngcs for manufacturers and
planning challenges fora range ot differentactors in the sector,
it is the houscholds using solar products that ultimatcly feel
the greatest brunt of broken-down products. As 60 Decibels
succinctly puts it “you can’t rely on your product, or
worse, you do and then it breaks, then it could impact
your income” There is thus a powerful moral argument
to why repair should occur. The moral obligation is not just
social, but there isalso an important environmental objcctivc;
the off—grid solar industry is in the business of promoting
green encrgy. The prolifcration of products with short-term
lifespans, and the resultant creation of substantial waste
streams tarnishes this image. Failing to address these moral
obligations could significantly impact the future of the
off—grid solar sector if we do not act.

This survey has shown there is Widespread agreement across
the industry that repair needs to be improved. The vast
majority of off-grid solar companies are doing something - or
have aspirations to do something in the near future — in the
repair space. There are opportunitics to learn from this work,
and then augment and improveit. Batteriesand accessibility of
spare parts are l<ey driving issues, and there are opportunities

for distributors, Vertically integrated companies and manufac-

Photo: SolarAid / Jamil Banda
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turers to come together and work out more effective strate-
gies to address these major pain points. lncrcasing interest in
repairable design as a core approach is a potential avenue to
hclp address some of these issues, suggesting there could be
promising trends in future. Likewise, openly sharing emerging
business models, particularly decentralised approachcs in last
mile areas, and establishing tools for all provides an opportu-
nity to solve some of the major opcrational and l(nowlcdgc
challenges while reaching those currently being lefc behind.
There is then the potcntial of different approachcs such as
Energy-as-a—Service models which challenge the expectation
of who owns the assets and therefore is obligcd and incentiv-
ised to provide repair responsibilities in perpetuity. Investors
and donors can play a major role here, making sources of
resources available for experimentation and learning in these

kinds of initiatives.

This report has highlighted the urgent need to act and the
frustration of those trying to deliver ofi—grid repair services
for their customers, but also the desire to change and solve the

challenges w¢e face.

With a diverse set of stakeholders to bring togcthcr and a
distinct yet varied set of challenges, we are calling for the
sector to unite behind a common cause — prioritising robust
repair services. By doing so, we can better ensure that off—grid

solar products deliver lasting and meaningful impact to

llOU.SCl’lOlClS.



The organisations authoring this paper have been working
on repair solutions for multiple years together and with key
sector partners. The launch of the State of Repair report comes
not only with clear recommendations but an opportunity to

SOIVC thcm.

With many solutions already in development or planned by
us Or our partners, the recommendations are rcfcrcncing a
potcntiai path forward. To ensure unity, cohesion and collab-
oration, we are announcing the intention to form a sector-em-
bedded ‘chair Lab' to solve these chaiicngcs as a collective
group of action-orientated stakeholders. With many different
workstreams to address, groupcd below into three main areas,

it will cake all of us to affect the changc we need.

Better access to Spares

A greater commitment to ensuring the availability
of spare parts.

Technically, since 2014, off-grid solar companies that are
members of GOGLA members, have publicly committed
(via a vote on industry opinion) to making spare parts
available. However,asis evident from this survey, this commit-
ment has fallen well shortin practice. This commitment needs
to be revisited, revised and established. Spare parts should be
made available in more generous volumes, shipped in parallel
with stock to save on transport costs and fine-grained data
should ideally be used to pre-empt what kinds of spare parts
are likely going to be used in future. There is a question of who
should pay for these spare parts, and potcntialiy itisa cost that
both distributors and manufacturers need to build into their
business models. We have been engaging with GOGLA to
table a renewed commitment to making spare parts available

for industry discussion.

Directory of spares and NREA-based aggregate
orders

Many distributors rciy on securing spare parts from third-
party companices in China. This involves a compicx process of
identifying reputable and reliable suppliers, finding the right
parts, and meeting minimum order levels. We are proposing
the creation of a sector-wide dircctory for accessing quality
spares within the Repair Lab, while also working with
National Renewable Energy Associations (NREAs) to
create the same capability within their spcciﬁc gcographics.
This proposal focuses on strengthening the supply chain for
spare parts from both OEMs and third parties. The addi-
tional benefit of Working with NREAGs at the national level
is to enable aggregate orders where multiple distributors can
pooi their needs togcthcr to meet minimum order levels. We
have bcgun this cxpioration within Zambia. This also brings
an opportunity for businesses sccking to address this need as
an intermediary - like the online marketplace for spares in
Kenya, Revivo.

Removing tariffs on spare parts

One simple and effective measure that policymakers could
take is to remove all tariffs on ofF—grid solar product spare
parts. The revenue loss for governments would be minimal,
and in the long-tcrm would be cost-positive as it will heip to
reduce future waste streams (which have various economic,
social and environmental costs). In some countries, these
tariffs have already been removed, in others they have not.
We did not collect ﬁnc—graincd data on this as a part of the
survey, but it would be useful to get a snapshot of different
tariff approaches adoptcd by nations and use this data to iobby
governments where tariffs are undermining repairability.
We have discussed capturing best practices and impacts of
adopting such measures with GOGLA to support NREAs
advocating for their adoption within countries that still
implement these tariffs.



More repairable design and consumer
protection

Incorporate more repairable product designs

Where feasible, without compromising the durability of
off—grid solar products and the integrity of their fintech
systems, off—grid solar manufacturers should incorporate
rcpairablc dcsign as a core philosophy in the dcvclopmcnt
of their ofl:grid solar products. This should include casily
removable rcplaccablc components, and attempts to use
common (and, idcally, locally available) components and tools
asmuchas possiblc. The use of universal portson battery hubs
could also increase intcropcrability and reduce both rcplacc—
ment costs and flows of e-waste. There needs to be l-unding
to support research and dcvclopmcnt around this, which is an
area in which donors and investors in particular could become
involved. Modularity and more rcpairablc product dcsigns
are increasing trends that can be seen across other electronic
goods (c.g. laptops & phones). Itis important that the off-grid
sector goces bcyond mcrcly kccping up with such trends and
strives towards lcading best practice, cspccially given the
social and environmental objcctivcs (ie., green energy and

climinating poverty) that underpin their operations.

CLASP’ soon-to-be-published paper on a ‘Repairability
Index’ will advocate for solar appliances to be measured for
repairability as part of the quality assurance process. This
will inform distributors which products and companies are
better equipped to handle repair effectively and efficiendy. As
distributors value this, we could see a shift away from products
that are difhicult to repair. Critically, this is a sector-led initia-
tive to improve our practices, which could reduce the need for
external legislation with the potential to damage our sector
much more suddenly. While welcomed, we can collaborate

to improvc our practiccs ﬁrst.

Standardising parts - batteries

Batteries were the most common source of issues relating to
repair, both in terms of what broke down with off-grid solar
products, but also as a component that many companies
struggled to replace in a timely manner. Where possible, the
types of batteries used in off—grid solar products must be
consistent across brands as much as possible (without stifling

innovation). It should be easy to a) remove an old battery from

an off—grid solar PfOClUCt; S.I]Cl l)) l)C ablc to rcplacc tlliS battcry

with a rcadily available rcplaccmcnt.

Replacement and repair

It casily done within a products design, battery swaps, for
example, should be recognised as replacements rather than
repairs. While some Vcrtically intcgratcd companices offer this
service to their customers, ensuring the customer retains the
same product, it is not common practice for distributors. If
high-quality, affordable replacement is possible by the distrib-
utor or a third-party and accepted by the manufacturer, there
is a potential incentive for the manufacturer to provide fewer
replacement products and increased loyalty from customers

because they have afastresolution, and their productreturned.

Explore opportunities to extend warranties for
longer periods

While all the companies in the survey offered warranties, the
pcriod for these is arguably too short from a sustainability
perspective. No pico-solar products had a warranty longer
than two years (about 27.3% only had a one-year warranty),
and 78.2% of plug-and-play products had warranties under
tWO years. One distributor noted that there were even further
restrictions on these — that tbcy had to sell the product
within six months of stocking the item for the warranty to
remain valid. While there are clear financial implications for
cxtcnding warranties, idcally longcr warranties — cspccially
around batteries — should be cxplorcd by the industry. A
product that fails after three years (outside the vast majority
of warrantees), is a poor outcome for both sustainability and
customer satisfaction. Recent pilots of the Encrgy—as-a—scr-
vice (Eaas) model for households — where distributors retain
owncrship of solar products supplicd to customers — shift
repair burdens from customers to distributors. The obligation
and incentive for the service providcr is to include the rcplacc-
ment of components and repair (replacement products when
ncccssary), within the service to ensure indefinite service to
the end-user - which removes the need for the customer to
purcbasc a new product when theirs reaches its end-of-life
without repair. This is particularly impactful in the high-pov-
erty areas where Eaa$ is targctcd. In addition to minimal
access and PAYG SHSs being largely unaffordable, aftersales
care (warranty claims and rcpair) is not as accessible, which
can leave customers stranded with broken systems, in or out

ofwarranty.



Civic education on off-grid solar maintenance and
consumer rights

Asevidenced by the survey results, poorly informed customer
practices can exacerbate the need for repair and rcplaccmcnt
- rcsulting in costs and inconvenience for both the customer
and the distributor. While distributors invest in various forms
of customer onboarding and it could be more effective,
there is a clear need for more comprehensive civic education
programs to build broader local knowlcdge and capacity
across important topics such as preventative maintenance
and consumer rights ¢.g warrantics. Programs consistent with
national policies can help inform better adoption decisions,
and usage experiences, and reduce rates of product failure,
- thcrcby cnhancing trust in the off—grid sector. There is an
opportunity for such tools as the SolarAid's ‘SunnyMoney
mobile repair app to be provided to end-users as its current
iteration providcs basic diagnostic guidancc for a customer

and/or tcchnician to undcrstand Wl]CI’l tl’leC may l)C no fault.

The customer voice - end-user research

Our collective evidence on the customer opinion towards
repair and its current availability is minimal. We know there
is a vibrant repair cconomy across the Global South and are
forming an understanding, through small-scale empirical
rescarch, that customers want their products repaired.
Among those who attempt to repair products themselves, or
through third partics, carly evidence suggests that their satis-
faction and loyalty increase and sclf-repair actempts decrease,
once repair services are offered. The level of datais insufficient,
and we need to understand the customer voice more deeply
to inform the creation of suitable solutions. We will be under-
taking a multi—country end-user survey with 60 Decibels to
gain a much more detailed and practically applicable under-
standing from the most important stakeholder we have. This
is while inviting other companies or rescarch institutions
to submit their insights to build a more comprchcnsivc and
diverse data set.

Business model testing, training and sharing

Business model testing

There is cvidcntly alot of interest and passion among off—grid
solar distributors toward cstablishing greater rcpairability
within their operations. Donors and investors that responded
to the survey indicated that thcy had an interest in the quality
of repair services offered by their grantees/investees, with
some alrcady factoring it in their assessments of risk and
sustainability. However, many of these companices are still
establishing themselves and building towards proficability,
mcaning that cxpcrimcnting with and lcarning from, different
approaches to repair in their operationsisa luxury thcy cannot
afford. As expressed by a donor, “repair services are often
overlooked when providing support to [off-grid solar]
markets”. Thus, financiers should ideally support a range of
contcxtually appropriate interventions that companies can
adopt to enhance their repair services with openaccess results
to facilitate learning and broader adoption. SolarAid is already
tcsting and mcasuring the fcasibility of the following models,
localised to rural areas, to form best practices and open access
to distributors: decentralised repair (rural sales agents and
third-party repair technicians), localised repair hubs, and
Energy-as-a-Service - the latter has the backing of the Malawi
Government for scale and is bcing tested with partners across
multiple countries. These models are all designed to solve the
challcngc of last-mile logistics by localising costs, operations
and utilising and building local expertise for sustained access

to rcpair, providing amuch better service to the customer.

We are committing to sharing this knowlcdgc and Working
with partners across the sector to understand their models
so that companies can adopt repair into their operations cth-
ciently and effectively - thereby improving their sustainability

profiles signiﬁcantly.

Technical training in-country

There is a need to proviclc ﬁnancing for the dcvclopmcnt
of in-country off—grid solar repair. This can hclp ensure that
ol‘F—grid solar repair is somctliing that is offered across (cspc—
cially rural) technical collcgcs and even senior sccondary
school courses. This will ensure that there are rcady supplics
of third-party technicians with high-quality training, As a
part of this high—quality materials should be dcvclopccl that

can be used to assist with this training. SolarAid has providcd



this training to technical schools (inc. woman—oniy technical
schools), sales agents and third-party repair technicians and
is currently working with Global Distributors Collective
members providing similar technical assistance. Many others
are offering such training, and we are planning to develop
best-practice ‘training of trainers’ materials and technical
assistance services with partners to improve access to training

more broadly.

More guidance on how to do repairs

More rcadi]y available training materials (c.g., guidcs, videos,
ctc), inaccessible formats, must be developed to demonstrate
how to conduct repairs. While manufacturers undoube-
cdly have a key role to play in this, it would also be benefi-
cial if different off-grid solar companies had an ‘open access
approach to how they conduct their repairs and share strat-
cgics amongst cach other. The ‘SunnyMoncy mobile repair
app is an example of a repository where guidance for repair
has been stored and shared successtully, and there are oppor-
tunities to build on this work. The intention is to build the
app to become the (cncyciopacdia’ for diagnostic and repair
guidance - developing its capabilities and product range -

introducing PUE with partners such as CLASP

Last mile collection and processing facilities.

Coiiccting lasc-mile products s a logisticai chaiicngc and
high costs for oE—grid solar distributors. Policymakcrs could
potcntialiy hcip to facilitate this work by sctting up collec-

tion points through cxisting government infrastructure and

neeworks. This can include the development of conducive
¢c-waste transportation and collection policics, making sure
that produccr rcsponsibility organisations are activities and
providing support, creating favourable poiicics to support
repair tacilities and the dcvcloping of more physical infrastruc-
ture for storage and disposal. Organisations such as SolarAid
run awareness-raising chair Days where a take-back scheme
is offered and 25% of the products hrought were sold hy other
companices. They have been requested to explore this within
the NREASs of Zambia to define collective, distributor-led,
approaches to solve this issuc. If successful, we will work with

GOGLA to share with other NREA:s.

Repair-friendly financing models

When invcsting in new off—grid solar enterprises — whether
through debt, equity or grant financing - the estimated
costs for repair (c.g., cost and time rcquircd to collect broken
products, repair and return them) should be incorporated
into ﬁnancing arrangements. Even if this means a slightiy
longer road to profitability or scaling up of operations. There
are of course chailcngcs, with this, and it will be a compiicatcd
balance to ensure competitive prices, profitable margins and
financial resources for repair operations. While hclping to
cquip distributors to affordably adopt proven repair models
within their suppiy chain, we will also be working with insti-
tutions as well as investors to explore different sources of
financing and mechanisms to incentivise the adoption of
repair services and infrastructure, with the potential to

subsidise lase-mile services, where necessary.
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