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Executive summary

This baseline study on End-of-Life (EoL) photovoltaic (PV) management in Ghana
was conducted within the second phase (2019-2025) of the Ghanaian project on
Sustainable Recycling Industries (SRI). The study’s aim is to identify first starting
points to support an environmentally sound management system for EoL PV
management in Ghana. For this purpose, the project team analyzed the current
situation of EoL PV collection and treatment practices in Ghana and explored
options for an Extended Producer Responsibility (EPR) system for PV panels.

The study is based on literature research and stakeholder interviews conduct-
ed in April 2024 in the Greater Accra Region. Ghana is expanding its renewable
energy capacity, focusing on solar power to address frequent power outages
(“dumsor”) and grid instability. Solar PV systems are becoming an increasingly
reliable off-grid solution for homes and businesses. The government has made
solar energy more accessible through tax breaks, import exemptions, and incen-
tive programs. As some of Ghana's solar installations approach their end-of-life,
managing discarded PV systems and components poses a significant challenge,
especially given the country’s existing electronic waste situation. EoL PV panels
in Ghana are often handled by the informal sector, where scrap dealers dis-
mantle them and extract valuable materials like aluminium and copper without
proper safety or disposal practices. Preparing for sustainable end-of-life man-
agement is critical as solar adoption continues to grow.

Summarizing, Ghana faces several challenges in managing EoL PV panels:

» No formal EoL PV management system: There is no structured system for
handling EoL PV panels, leading to improper disposal.

» Weak recycling infrastructure: Most panels are recycled by the informal
sector, with non-valuable materials being dumped.

» Increasing EoL panel stock: As solar installations increase, more panels will
reach their end of life.

» Repurposing panels: While panels - even damaged ones - are being reused,
this is a short-term solution.

» Hazardous components: Hazardous components of a PV system, such as
lead-acid and lithium-ion batteries (LIB) batteries, are improperly disposed
of, posing environmental and health risks.

» Regulatory gaps: Weak regulations fail to address proper EoL management.

» Lack of awareness: Informal workers lack training and incentives, leading
to unsafe disposal practices.

» Financial and market limitations: Low market value for materials like glass
makes PV recycling financially unviable. Limited local market demand of
secondary materials makes it challenging to close all material cycles.



Stakeholder(s)

Government

Government, Private sector

Government, Training
providers, others

To improve EoL PV panel management, the following recommendations are
proposed:

Recommendations

* Eco-levy: Expand the existing eco-levy to include PV panels
* EPR Integration: Integrate PV panels into the current EPR system.

* Financial incentives: Support recycling of non-valuable materials (e.g., glass) through
subsidies or eco-levy.

* National database: Develop a database to track solar system components.

* EoL PV panel management: Create and enforce guidelines for solar panel disposal,
recycling, and recovery.

* Take-back systems:

- Government: Ensure the implementation of EoL management plans, requiring solar
installation companies to establish take-back systems.

- Solar installation companies: Set up formal take-back systems for damaged or
decommissioned panels.

* Informal sector: Enable, facilitate and establish partnerships between informal workers
and formal companies that ensure safe and environmentally sound material recovery.

* Recycling infrastructure: Prepare for specialized PV panel recycling or export
opportunities.

* Promotion of hazard-free PV Panels: Encourage lead-free PV panels adoption.

» Market: Identify market opportunities for materials to be recovered from PV recycling.

* Capacity building: Develop and provide training on safe preparation for reuse,
dismantling, material handling and recycling for informal and formal workers.

* Standards: Establish minimum standards for the handling, reuse, and recycling of
EoL PV panels.

Implementing these recommendations will help address the challenges of EoL
PV panel management, reduce environmental impact, and support the growth
of a sustainable solar industry in Ghana.

Keywords:
[e-waste, EoL PV, photovoltaic, EPR, Ghana, recycling]




1 Introduction

Project context

This baseline study on photovoltaic (PV) panel management in Ghana was
conducted within the second phase of the Sustainable Recycling Industries
(SRI) programme. The programme is funded by the Swiss State Secretariat for
Economic Affairs (SECO) and aims at building capacity and fostering sustaina-
ble e-waste management in selected countries. The baseline study was jointly
conducted by Ghana National Cleaner Production Centre (GNCPC), Mountain
Research Institute (MRI), Oeko-Institut e.V. (Germany) and the Swiss Federal
Laborato-ries for Materials Science and Technology (Empa).

On the African continent, PV panel installations have the potential to produce on
average twice as much electricity as in Central Europe [1]. With an average solar
radiation of 4-6.5 kWh/m?/day [2], Ghana has a favourable geographic location
for PV panel installa-tions and makes it suitable for an extensive deployment of
solar PV projects.

As Ghana continues the transition towards renewable energy solutions, that
includes PV panels, there is a steadily increasing number of PV panels reaching
their end-of-life (EoL). The increasing adoption of PV technology raises concerns
about potential environmental and health impacts associated with improper
recycling and disposal practices. Hence, there is a growing need to address the
management and disposal of EoL PV panels. Ensuring sound management of
EoL PV panels in Ghana has the potential to create jobs with safe working condi-
tions, at the same time avoiding numerous negative effects on the environment
and on workers that are currently involved in unsound management practices.

This baseline study aims to address following two key research questions:

» What are the current practices, challenges, and opportunities in managing
EoL PV panels in Ghana?

» How do existing policies and regulatory frameworks address EoL PV
management, and what gaps need to be addressed?

Project scope

Figure 1: Example of PV panel
within the scope of the study

The study focuses on EoL PV panels from households, businesses, and public
entities, excluding those embedded in small electronic devices. While PV pan-
els are the primary focus (see Figure 1), the report briefly addresses other solar




Figure 2: The waste hierarchy
Source: Oeko-Institut e. V.

Methodology

system components, especially EoL batteries like ULABs. The study includes the
three most commonly available PV module technologies, namely (1) mono-crys-
talline silicon, (2) poly-crystalline silicon and (3) thin film modules, with the latter
being discussed only briefly.

most

Recycling
(Energy) Recovery
. least

The study gives an overview of theoretically available technical options of EoL
PV panel management (see chapter 2), provides insights about current man-
agement practices in Ghana (chapter 3), analyses the management in regard to
environmental, economic and social aspects (chapter 4), proposes an Extended
Producer Responsibility (EPR) system for Ghana (chapter 5) and includes lessons
from EoL PV panel management in other countries (chapter 6). The key findings
are summarized in chapter 7. Management approaches should be structured
along the five steps of the waste hierarchy: prevention, reuse, recycling, recov-
ery and disposal options (see Figure 2).

A) Initial Phase:

Figure 3: Example of PV panel
within the scope of the study

The methodology of this study is structured into four key phases: A) the initial
phase, which lays the groundwork for the research, B) the data collection phase,
involving stakeholder engagement and information gathering, C) the thematic
analysis phase, where data is analyzed to identify key patterns, and D) the con-
solidation phase, which synthesizes findings and draws conclusions. Figure 3 pro-
vides an overview of the different project phases and the methodology applied.

A thorough desktop review was conducted to establish a foundational under-
standing of EoL PV management, global market trends, regulatory frameworks,
and global best practices. Key documents reviewed included international
guidelines, national policies and regulations related to EoL PV management and
renewable energy, and peer-reviewed articles on PV recycling and EoL manage-
ment strategies. Additionally, relevant local stakeholders were identified and
contacted to arrange interviews.
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B) Data Collection Phase:

C) Thematic Analysis
Phase:

D) Consolidation Phase:

Project phases

A) Initial Phase:

B) Data Collection Phase:

C) Thematic Analysis
Phase:

D) Consolidation Phase:

Following the initial phase and to gain a comprehensive understanding of EoL
PV management in Ghana, key stakeholders were visited, and semi-structured
interviews were con-ducted in April 2024. The interactions with scrap dealers

provided firsthand insights into the downstream management and disposal of
Eol PV materials in Ghana. Field observations were carried out through site visits
to gain firsthand knowledge of how EoL PV panels are managed in practice.

Key stakeholders visited, included:

» Policymakers and regulators, to understand existing regulatory frame-
works and identify any policy gaps.

» Private sector actors, such as solar panel installers, to gather data on
the lifecycle of PV systems and their end-of-life management practices.

» Recycling facilities and scrap dealers, to assess their capacity for
handling EoL PV.

» Solar farms, to explore on-site EoL management strategies.

In this phase, all collected information was assessed based on its relevance to
the project and interpreted to provide a comprehensive understanding of the
current PV situation in Ghana. A review on existing practices in the SRI partner
countries Egypt and South Africa were also incorporated.

Finally, all data, information, and key findings were summarized into this base-

line report on EoL management of PV panels in Ghana, with key recommenda-
tions provided.

Methodology

A1) Thematic review of literature,
reports and studies

A2) Identification of relevant
stakeholders

v v

B2) Site visits
+ Solar farm: regional Maritime

B1) Interviews with relevant
stakeholders

Policy makers/Regulators
(EPA; Ghana Enery Comission;
Ghana Standard Authority)

* Importers/Installers

(Tino Solutions; Deep Solar;
Optima Solar, Dutch & Co.;
Amp Solar; AB Solar, Franerix

University

« Scrap Yards: Agbogbloshie,
Ashaiman

+ Landfill: Kpone Landfill

* Recycler: ERG

v

Solar)

+

C) Thematic Analysis: Interviews, key findings from site visits and literature review

Il

D) Development of baseline study report of Eol PV management

Figure 4: The four different project phases and their respective methodology



2 PV panels: Market and EoL Options

Global market

Figure 5:

Share of annual production

of thin-film, multi-Si and
mono-Si technologies, adapted
from Fraunhofer ISE and PSE
Projects GmbH [3]

Estimated Production 2023 (GWp)
w Thinfilm

mm  Multi-Si

mm Mono-Si

Total = 502 (ITRPV)

The most common technologies used for PV panels are mono-crystalline,
poly-crystalline and thin-films. In 2023, 94% of PV panels were produced in Asia,
with China accounting alone to a share of 86% [3]. While thin-film technology
has never dominated the market, the mono-crystalline technology used to
dominate the market before 2000, was then taken over by the poly-crystalline
technology until around 2018 and then mono-crystalline PV emerged back and
quickly took over again, making up a share of appr. 97% of the total annual pro-
duction in 2023 [3] (see Figure 5).

100%
90%
80%
70%
60%

40%
30%
20%
10%

50% I
0% |
1980 1985 1990 1995 2000 2005 2010 2015 2020

Data: from 2000 to 2009: from 2010 to 2021 IHS Market; from 2022 estimates based on IEA and other sources. Graph: PSE
Projects GmbH. date of data: 04/2024In

In 2022, the global average total cost of large-scale photovoltaic (PV) systems

(> 750 kW) amounted to 833 € (= 11’985 GHS) per kilo Watt-peak (kWp) [3]. By
2022, the increase in sales of PV panels has contributed to a reduction in prices
[4] by around 90% compared to 2010 [5]. Especially crystalline silicon module
prices experienced a strong reduction in prices [5]. By the end of 2022, the glob-
ally installed solar capacity reached 1047 gigawatts (GW) [5]. Since 2013, Asia is
leading in installing new capacity [5], followed by Europe and North America [3].

11



E¥) Types of PV panels

Table 1 provides an overview with some specifications of the three most com-
mon types of PV panels. The solar cell efficiency of PV panels refers to the
percentage of sunlight that a solar cell converts into usable electricity. In Ghana,
the solar irradiation ranges from 4 to 6 kWh/m2/day [6]. This would mean that a
Table 1: Specifications of the three  450W solar panel, typically of the size of 2m2 and an efficiency of 21.6%, gener-
most common types of PV panels  ates 1.73 to 2.59 kWh per day.

Technology Mono-crystalline Pon-cr.ystaIIIne' Thin-film
(=Multi-crystalline)
|

Panel
Cell [9]
Types Crystalline Silicon (c-Si) Crystalline Silicon (c-Si) Cadmium-Telluride (CdTe),
a-Si, Copper Indium
(Gallium)Diselenide (CI(G)S)
Material composition Polymer, silicon, alu-mini- Polymer, silicon, aluminium, | glass, polymer, aluminium,
um, silver, tin and lead and | silver and lead and others cadmium, gallium, indium,
others selenium and others
Efficiency of modules 21.6% weighted aver-age 21.6% weighted average CIGS: appr. 15%
weighted average [3] (c-Si) (c-Si) CdTe: appr. 18.8%
Guarantee by manufacturer Most come with 10-25 years warranty (or limited warranty with a yearly degradation rate
included)
Life-expectancy [7] 25 years, up to 30 25 years 10-20 years [8]
Estimated global market 96.6% 0.8% 2.6%
share in 2023 (GWp") [3]
Dominant Phasing-out
Costs USD / W (2022) in 0.3, (0.22 for lower-cost modules up to 0.44 for 0.23
Europe [5] high-efficiency modules)

1) Gigawatt-peak, the maximum output capacity of a photovoltaic (PV) system under ideal conditions

2.2.1 Crystalline  Silicon-based solar cells offer a combination of high efficiency, affordability, and
silicon types  durability. These modules are designed to last over 25 years, typically main-
taining more than 80% of their original power output even after that time [7].
Crystalline cells (monocrystalline or polycrystalline) differ in manufacturing but
not in module production. The key factors influencing cell performance include



2.2.2 Thin film types

EX) Typical material composition of PV panels

Figure 6: Materials and com-
ponents of a PV-Module. Mass
fraction of substance in relation
to a total module mass of 11.6
kg/m2 (100%) given in brackets;
Date of data: 2021[3]

Source: Fraunhofer ISE (2024)

Recycling takes place ﬁ'

Downcycling takes place
Available/harmless materials
Rare/valuable materials
Hazardous substances =

2.3.1 Hazardous
substances

size, colour, bus-bar count, and conversion efficiency. Mono-crystalline consist
of silicon made to form one continuous crystal without grain boundaries, while
poly-crystalline types are made up of many small crystals that form grains [9].
Crystalline byfacial modules are gaining popularity given their continuous de-
cline in cost and the increased yield this implies [5].

Thin-film technology contributed to a global market share of approximately 17%
in 2009 and have declined since to a share of approximately 2.6% [3]. Both, the
life-expectancy of 10-20 years and efficiency of approximately 15%-18%, are
lower compared to crystalline silicon types and might be one of the reasons for
the decline in market share. It can therefore be expected that EoL volumes will
increase first and then decrease again. Before 2007, thin-film PV panels were
dominated by a-Si technology, since then the CdTe technology has taken over
and a-Si production has been phasing out (see Figure 4). Depending on the type,
thin-film PV panels contain hazardous substances like cadmium, a carcinogenic
metal (see chapter 2.3.1). Given the small volumes and future trends of thin-film
modules, the technology is not further considered in the study.

Figure 5 provides an overview of the components and materials of a typical
crystalline silicon PV panel. It further highlights the mass fractions of the mate-
rials and what can be recy-cled in Europe today, respectively where downcycling

takes place.
7 Interconnector
Cu (1.3%)
Sn (0.09%)
Pb (0.09%)

Solar cells

Si (2.7%)

Ag/PbO (0.04%)
Ag/Al/PbO= (0.01%)
Al (0.07%)

7 [
o Glas & — Al Frame
(67.5%) w0 ey AIMG3(127%)

\/ *
k;._’ Ethylene-vinyl

acetate
(6.7%)

| =
Backsheet \
PVF/Glue/PET/
Glue/PVF (3.7%)
F . ‘

B ¢
Ny

J-Box

GRP, Polyamide (1.6%0)

Silicones (1.25)
Diodes/Cables (0.02%)

| 11.6 kg/m2 | 3.3 kWh/m2 (Module) | 80.9 kWh/m2 (Solar cells) |

As depicted in Figure 5, the following hazardous substances are of high concern
in PV-panels:

» Antimony (Sb): In some glass there is the presence of antimony (Sb), however
pro-duction without Sb is possible.

» Lead (Pb): A solder of Pb-Sn might be used for the PV ribbon to prevent oxida-
tion. Pb is also found in the solar cells together with Ag and Al.

» Fluor (F): The use of fluoropolymers in certain PV panel backsheets presents
a potential risk of toxic hydrogen fluoride release due to uncontrolled thermal
degradation [10].

Certain hazardous materials, such as cadmium, tellurium, and selenium, are
found in specific thin-film technologies (e.g. CdTe solar cells, CIGS technologies).
While these materials need to be safely and properly managed, thin-film panels

13
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2.3.2 Components

Table 2: The mass fractions of
substances found in intercon-
nectors / PV ribbons in relation
to total module mass. Adapted
from Chen et al. (2021)

Table 3: The mass fractions of
substances found in Solar cells
/ c-Si cells in relation to total
module mass. Adapted from
Chen et al. (2021) [9]

EX} End-of-life treatment options

account for only a small fraction of the overall solar panel market and are not
considered in the study. While concerns about per- and polyfluoroalkyl substanc-
es (PFAS) contamination from solar farms are growing, research on their pres-
ence in solar panels remains limited. Existing studies primarily mention their use
in anti-reflective and self-cleaning coatings, with most identified PFAS belonging
to the fluoropolymer category, which is considered a polymer of low concern.

Glass: The by far largest mass share of a PV panels is attributed to the glass (Si),
making up to 67.5% [3], respectively 70.8% [11] of the total weight. It protects
the module and maintains transparency. Its quality impacts the panel’s efficien-
cy: the more transparent especially when enhanced with light-trapping features
or anti-reflective coatings, the higher the ef-ficiency.

Frame: The aluminium frame provides structural support and helps securing
the panel. The frame makes up to 12.7% [3], respectively 14.9%[11] of the total
weight and consists mostly of aluminium.

Interconnector/PV Ribbon: The interconnector or PV ribbon makes up 1.48 [3],
respectively 1.1 [11] of the total weight. It mostly consists of copper with some
Sn, Pb and Ag (see Table 2).

Element Cu Pb Sn Ag

Wt% ‘ 0.88% ‘ 0.06% ‘ 0.1% ‘ 0.03%

Solar cells/c-Si cells: The solar cells make up approximately 3% of the PV panel
total weight (2.82% [3], respectively 3.3%[11]). The cell consists mostly of Sj,
some Al and Ag. Bi [11] and Pb [[3] are further reported elements that can be
found in the cells (see Table 3).

Element Cu Pb Sn Ag

Wt% ‘ 3.08% ‘ 0.17% ‘ 0.29% ‘ 0.1%

Junction Box (J-Box): The junction box handles external electrical connections,
includes protection diodes. It makes up to 2.28% [3] of total the PV mass.

Backsheet (Polymer): The backsheet, made of plastic, electrically insulates and
shields cells from weather, usually white in color. It accounts for approximately
3.7%. Some types of backsheets (e.g. polyvinyl fluoride (PVF), polyvinylidene flu-
oride (PVDF)) contain fluoropolymers while others are fluoropolymer-free (such
as polyamide (PA)-based) [10].

Ethylene-vinyl acetate (EVA): The encapsulant, often EVA, binds the module
layers together, forming a gel-like seal around the cells when heated, ensuring
long service life and UV resistance. It accounts of approximately 6.7% of the
total PV weight [3].

According to the global e-waste monitor 2024 the amount of EoL PV panels gen-
erated in 2022 is 0.6 billion kg and is yet by weight the smallest e-waste catego-
ry. However, the amount of waste generated is expected to be four times higher
by 2030 reaching 2.4 billion kg [4]. Considering the transition to renewable



2.4.1 Prevention

2.4.2 Reuse and further use

2.4.3 Recycling and
recovery

Figure 7: Typical EoL processes
for EoL PV panels

energy sources, PV panels play a crucial role and their deployment is expected
to increase and equally the generation of EoL PV panels.

Prevention is the top priority in the waste hierarchy (see Figure 2 in chapter

1.2). Achieving this requires proper maintenance of the solar panels and oth-

er system components to guarantee long lifetimes. Careful handling during
transportation, installation, and reinstallation is essential to prevent damage.
Regular cleaning of the panels may be necessary to maintain performance, and
trimming plants that obstruct sunlight can help optimize energy production. Any
work on the panels, such as repairs or part replacements, should be conducted
with care to minimize the risk of breakage.

When PV panels break or reach their first EoL they often still generate energy.
As a result, partially repaired or lower-performance panels still provide a valu-
able energy output and attract buyers, particularly those with limited financial
resources. The rapid growth of the PV panel market, along with the rising num-
ber of EoL panels, is therefore expected to drive a strong secondary market,
especially in societies with constrained financial means [9].

Crystalline silicon modules consist to a large extend of glass (silicon dioxide).

The other layers of the modules are made up of silicon wafers, composite films,
a small amount of metal, and, depending on the module type, a backsheet [12]
(see also chapter 2.3). Technically, it is possible to recycle and reuse nearly all

the materials found in PV modules. However, for economic reasons, currently,
only the glass, frame, and junction box are being recycled [3]. In Switzerland the
silicon wafers are recycled along with the glass and reused in the production of
flat glass or as glass wool as insulating material [12]. The metals, which make

up about 5% to 8% of the module, are typically separated and transported to
smelters for recycling [12]. The composite and backsheet films are incinerated

to generate electricity or heat for cement production [12]. As some backsheets
contain fluoropolymers and halogenated flame retardants, which increases the
likelihood of dioxin formation during end-of-life treatment [10], the thermal deg-
radation needs to be conducted in a controlled manner to prevent toxic release
of hydrogene fluoride. Landfilling poses a similar risk if these materials leach into
the environment, contaminating soil and water sources [10]. Improper disposal
of PV panels can then threaten the environmental health by polluting soil and
water, which can harm biodiversity and human populations [13]. Additionally,
the toxic components in these panels, if not properly managed, can cause lasting
environmental damage and pose significant health risks [13]. If environmentally
sound recycling of the product or components is not feasible, they should be dis-
posed of in a designated hazardous waste landfill. Figure 7 provides an overview
of most common treatment pathways for EoL treatment processes.

} Repair/reuse
End of life
solar panels } Seperation
| |
Clacs o Cables Composite,

backsheet films

v v v v

Metal smelters Cable recycling Landfilled

Dumped Flatglas Recycling/ Thermal treatment
(not recommended) Glass wool production
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3 Management of EoL PV panels in Ghana

EXY PV panel usage

Ghana is advancing its renewable energy capacity, focusing on solar and wind
power to diversify from fossil fuels [14]. The government has signed agreements
for promoting the installation of solar projects, driven by the chronic instability
of the national grid and frequent power outages (“dumsor”), which have led
individuals and businesses to seek sustainable, offgrid solutions like solar PV
systems [15].

To promote solar adoption, the government has introduced a range of support-
ive policies aimed at accelerating the adoption of PV technology?. It has imple-
mented tax reductions and exemptions on materials and machinery not locally
available?, facilitating transitions for households, businesses, and institutions.
These policies reflect Ghana's commitment to sustainability and energy diversi-
fication.

Since 2015, various initiatives have boosted solar energy use, including:

» Solar Rooftop Programme (2015): The government's Solar Rooftop Pro-
gramme aimed to provide 200 MW peak load relief, with the Energy Com-
mission facilitating 20,000 rooftop solar installations in homes. Beneficiaries
received either a cash subsidy for solar panels or direct panel supply upon
purchasing the required components (up to 500 W per beneficiary) [16].

» Scaling-Up Renewable Energy Programme (SREP): The programme, financed
by Seco, AfDB and CIF, and implemented by the Government of Ghana aims
at scaling up rooftop installation on public buildings (13.3MW) and privately
owned installations on household and SME rooftops (49.2MW) [17], [18].

» Bole Solar PV Park: A 250 MW project in Northern Ghana developed by Sino-
hydro and owned by Bui Power Authority, partially operational [19].

» Bui Power Authority Floating Solar PV System: Bui Power Authority has built
a 5 MWp floating solar PV system on the Bui reservoir, the first of its kind in
West Africa [20].

» Renewable Energy Development Program (REDP): Developed by the Volta
River Authority, under this plan solar plants in Navrongo (2.5 MW), Lawra (6.5
MW), and Kaleo (13 MW) were built by a contracted Spanish company [21].

» Meinergy Ghana Solar PV Park: Meinergy Technology and Huawei Digital
Power are developing the 1,000 MW Meinergy Ghana Solar PV Park, expected
to begin operations in 2025 [22].

The cost of installing solar systems in Ghana varies by size and quality, with a 5 kW
offgrid system costing up to 136’000 GHS (= 9'400 €) and a 1 kW system around
49,000 GHS (= 3'400 €). These significant upfront costs create a financial barrier,
limiting widespread adoption of solar technology. Solar companies in Ghana
emphasize that the lack of effective financing options, such as credit schemes

or pay-as-you-go models, along with high upfront costs, volatile exchange rates,
and inconsistent tax exemptions, are major barriers to solar adoption.

While solar panels are VAT-exempt, other essential components like batteries
and inverters are taxed, increasing the overall cost and discouraging broader
adoption of solar technologies.

2) National Energy Policy, 2021; 3) Renewable Energy Master Plan 2019



E¥) EoL PV panel generation

Most PV panels currently in use have not yet reached their expected 25-year
lifespan. The majority of EoL PV panels are the result of a damage rather than
having completed their full functional lifespan. Ghana currently lacks dedicated
infrastructure to manage EoL PV panels. As a result, these panels often end up
in landfills or are diverted into informal recycling channels. Waste pickers re-
ported encountering PV panels only rarely, making it difficult to estimate mass-
es at this time. However, as the number of PV panels installed increases, the
number of panels reaching their EoL is expected to rise over the years. Given
Ghana's existing challenges with electronic waste [23], there is an urgent need
for the country to develop a plan for responsible EoL management of PV panels
and their associated components.

EE) Collection practices

There are no regulatory guidelines for managing EoL PV panels when they reach
the end of their useful life. While some solar installation companies take back
broken or inefficient panels, particularly during replacements, most EoL PV
panels are sold to scrap dealers.In Ghana's solar industry, some stakeholders,
including installation companies and large-scale solar farm operators, have
adopted a ‘wait-and-see’ approach due to the lack of proper disposal options. In
these cases, decommissioned panels are stored in warehouses or designated
areas, awaiting future recycling options or clearer regulatory guidelines. In areas
such as Ashaiman and Tema, scrap dealers frequently send these panels to
landfills or discard them openly. Panels retrieved by installation companies are
generally either sold to scrap dealers or repurposed for training and do-it-your-
self projects. Although repurposing can extend their usefulness, it falls short of
addressing the critical need for sustainable recycling and disposal solution.
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Ashaiman scrap yard

Located in the Greater Accra Region, this scrap yard has received notable vol-
umes of EoL PV panels. The panels are typically stripped of their aluminium
frames, while the glass sheets are discarded due to the absence of recycling
or proper disposal solutions.

According to the secretary of the Scrap Dealers Association in Ashaiman,
some farmers from northern Ghana and neighboring countries, such as
Burkina Faso, visit the scrap yard to select slightly damaged PV panels. These
panels are repurposed on their farms to generate power.

Nlala Scrap yard

Nlala Scrap Yard, one of the largest in Ghana, exemplifies the challenges of
managing EoL PV panels. During a visit in April 2024, remnants of various

PV panels were scattered across the yard, as shown in Figure 7. Aluminium
frames had been meticulously stripped and sold, reflecting the high demand
for valuable materials in the scrap industry.

However, a significant challenge remains: the glass sheets from the panels
have no clear disposal pathway. The yard owner expressed frustration, ex-
plaining that these sheets would likely end up in a landfill, as no recycling or
reuse solution currently exists in Ghana for this component.

Adding to the problem, the yard owner revealed financial losses from pur-
chasing panels at high prices, expecting that the aluminium and cables would
yield a profitable return. The panels, collected by a middleman from various
locations, were assumed to contain enough valuable materials - primarily
aluminium and copper - to justify the investment. In the end, however, the
limited volume of recoverable materials fell short of expectations, leaving the
owner with unsold, problematic glass sheets.

Figure 8: PV panel sheets at
Nlala Scrap Yard;
Picture taken in April 2024

EXY Treatment practices

3.4.1 Sorting  Upon collection, a visual inspection is conducted to assess the severity of
physical damage, including cracks, delamination, and discoloration. These
damages are primarily caused by factors such as stones and birds. Damaged
panels (see Figure 8) are often reused by their owners or sold to third parties
for reuse or recycling.
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Figure 9: Damaged PV panels

3.4.2 Reuse

Figure 10: Sorted PV panels into
panels still good for reuse

3.4.3 Recycling

Some scrap collectors, who typically obtain usable PV panels from installers,
clients, or landfill sites, clean and test these panels before selling them for fur-
ther use.

If deemed fit for reuse, PV panels are often sold to smallholder farmers who
use them for powering irrigation systems or to generate energy for powering
their own devices (see Figure 8). For scrap collectors, there is a clear economic
incentive to sell PV panels for reuse rather than recycling. In informal markets,
used or minimally damaged PV panels can fetch a price between GHS 600 (= 42
€) and GHS 1,200 (= 83 €), while recycling the materials yields only about 156
GHS (= 11 €) per panel. Additionally, some institutions repurpose broken panels
for training students in solar system installation.

The recycling of PV panels in Ghana is predominantly handled by informal scrap
dealers. PV panels are dismantled to extract valuable materials, namely the
aluminium frames and copper cables, while for the rest of the material no mar-
ket is currently available and is disposed of in landfills or backyards. The alu-
minium frames are sold to metal refinery companies, where they are purified
and refined for use as secondary raw material. Some scrap dealers burn plastic
insulation on cables to recover the metallic components, while others sell the
cables intact. However, despite the recovery of materials like aluminium and
copper, the lack of infrastructure for managing other components, especially

19



20

3.4.4 Recovery

3.4.5 Disposal

KX safe storage & handling

glass, highlights the urgent need
for comprehensive solutions to
manage the entire life cycle of solar
panels in Ghana.

In Ghana, there are several non-fer-
rous metals recycling facilities who
recover aluminium and copper.
These recovered metals are either
exported or used in the local manu-
facturing industry to produce alu-
minium metal sheets and utensils.
The informal sector also recycles
the aluminium using it for the local
manufacture of cooking pot as -
shown in Figure 11. Figure 11: Pots produced from recycled aluminium.

From the field visit, there was no observable market for EoL PV glass sheets.
After recovering valuable components, the remaining glass is either mixed with
general waste from scrap yards and sent to landfill sites or indiscriminately
dumped in places like dug ditches or the backyards of scrap dealers’ premises.

While Ghana currently lacks specific regulations for PV panel storage and han-
dling, the Environmental Protection Agency’'s “Technical Guidelines on Envi-
ronmentally Sound E-waste Management” [24] provide a foundation for best
practices. These guidelines offer a framework for the safe management of EoL
PV panels. Especially the following aspects are considered important for safe
storage and handling of PV panels:

» EoL PV panels should be collected
separately from general waste
to prevent contamination and
ensure proper handling.

» Storage areas should be
equipped with concrete flooring
to prevent soil contamination,
and free from flooding risks.

» Panels must be stored in pro-
tected locations to avoid their
damage.

» Proper handling procedures are
crucial to protect both workers
and the environment.

» The use of appropriate Personal
Protective Equipment (PPE), such
as gloves and safety glasses, is
critical to prevent abrasions and
other physical injuries.

In Ghana's informal sector, these
aspects are not considered. Further- i
more, transporting EoL PV panels Figure 12: Unsafe storage of PV panels



EXJ Management of additional components

3.6.1 Handling and
storage of batteries

within Ghana requires careful logistical planning, given the country’s varied and
often challenging road conditions. Panels are fragile and prone to breakage,
particularly when damaged or aged, making secure packaging and the use of
well-suited vehicles essential. Foam padding, wooden crates, or specialized panel
carriers should be employed to prevent damage during transit, especially for long
distances between rural installations and urban storage or recycling facilities.

Maintaining a detailed inventory of stored PV panels is essential for an effective

EoL management and to facilitate future recycling or refurbishment efforts. This
practice aligns with Ghana's commitment to advancing data-driven environmen-
tal initiatives and provides valuable insights into the quantity, condition, and lo-

cation of panels. An accurate inventory also supports compliance with potential

regulatory requirements and enables tracking of environmental impacts.

Comprehensive training programs for personnel managing EoL PV panels are
crucial to ensure safe and environmentally sound handling. Training should
focus specifically on:

» Safe handling practices to avoid panel breakage and minimize exposure to
hazardous substances such as lead, cadmium, or other toxic materials in
damaged panels.

» Proper use of PPE tailored to PV panel handling.

» |dentification of risks such as sharp edges, potential electrical hazards, and
glass shards.

» Emergency response procedures for accidents.

PV panels often come with a set of different additional components such as ener-
gy storage systems, inverters, cables etc (see Figure 10). While PV panels typically
last 25-30 years [21], other components of the system have shorter lifespans:
10-15 years for inverters [25] and 5-15 years for batteries. Therefore, it is crucial
to also ensure the environmentally sound treatment of these components.

The solar system usually comes with a battery component for the storage of
energy generated. Importers and installers offer either a lead-acid battery or

a lithium-ion battery (LIB) as part of the solar system package (see Figure 13).
According to the installation company the lead-acid batteries are cheaper but
have a short life span of 3 to 5 years while the LIBs are more expensive but
have a longer lifespan of 10 years. In Ghana, the EoL management of batteries,
particularly particularly ULABs and LIBs, presents significant challenges [26].
Handling and storage of these batteries are critical due to their hazardous
nature. Improper management can lead to high environmental contamination
and severe health risks.
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Figure 13: Different batteries are
offered by companies as energy
storage option to their clients

Table 4: Used Lead-Acid
batteries (ULABs) vs. Lithium-lon
batteries (LIBs)

3.6.2 Handling of
inverters and cables

Used lead-acid batteries (ULABs) Lithium-lon Batteries (LIBSs)

Lead-acid batteries, widely used in solar PV
systems, are often processed by informal
scrap dealers who extract the lead and
dis-pose of the acid into gutters, drains, or
other easy to reach locations. This practice
severely threatens the environment and
public health, contaminating water bodies
and soil while exposing communities to
toxic substances. The Standard Operating
Procedures (SOP) for ULABs developed
under SRI [26] have introduced significant
improvements. ULAB recycling companies
such as Recyclers Ghana, Success Africa,
and Non-Ferrous Metals Ghana Limited
now follow stricter protocols for safe col-
lection, handling, and recycling, ensuring
hazardous components like acids are
properly managed.

The EPA of Ghana uses these SOPs to audit
and monitor recycling companies, ensur-
ing compliance and reducing environmen-
tal risks.

While LIBs are less toxic than ULABs, they
still pose significant risks, particularly fire
and explosion from “thermal runaway”,
often caused by improper handling like
shredding or destruction. Some solar
companies have implemented take-back
systems, collecting used LIBs and selling
them to scrap dealers or recycling com-
panies. However, many households and
businesses are left to manage the dis-
posal on their own. A take-back system
combined with educational training about
safe handling and storage as well as the
importance of selling EoL LIBs to formal re-
cycling companies would ensure safer and
more efficient management. Under the
KfW-MESTI e-waste programme, LIB collec-
tion is incentivized in Accra and Koforidua,
with scrap dealers receiving 1.50 Ghana
cedis per pound for batteries delivered to
designated collection centers. This initiative
is a pilot for eventual integration into the
national e-waste management system.

Inverters, which are essential components, often have reusable or recyclable

parts. Informal repairers salvage components for reuse, while valuable metals
are sold to scrap dealers. The cable market is even more active. Scrap dealers
strip or burn cables to extract copper or aluminium, selling them to smelting
companies. The KFW-MESTI is using an incentive-based system to collect cables
from the informal sector. The incentive amount payable to scrap dealers differ
depending on the type or grade of cables collected. This process poses environ-
mental and health risks, especially the burning of cable insulation or of other
e-waste parts releases harmful chemicals, contributing to air pollution and
posing health risks to the workers and nearby communities.



Regulatory framework

Table 5: Overview about policies
and regulations relevant to PV
panel deployment and EoL
management

Policy/Regulation

The legal and regulatory framework for PV panels in Ghana is primarily gov-
erned by the Renewable Energy Act of 2011 (Act 832) and the Energy Com-
mission Act of 1997 (Act 541). These acts establish the Energy Commission of
Ghana as the key regulatory body responsible for overseeing renewable energy
development, including solar PV systems. The Ghana National Energy Policy
2021 further supports this framework by outlining strategies to increase the
contribution of renewable energy into the country's electricity mix. For PV panel
installation and operation, compliance with the National Electricity Grid Code

is essential, particularly for grid-connected systems. Large-scale PV projects
may require environmental impact assessments under the Environmental
Assessment Regulations (LI 1652). While there are clear regulations for PV panel
deployment, the framework for EoL management is less developed. The Haz-
ardous and Electronic Waste Control and Management Act of 2016 (Act 917) and
its associated regulations (LI 2250) provide some guidance on e-waste manage-
ment, which can be applied to certain components of PV panels. However, there
is currently no specific legislation directly addressing EoL PV panel treatment

in Ghana, indicating a potential area for future regulatory development as the
solar energy sector continues to grow in the country.

Relevance to PV Panels Respon'5|ble
Authority

Renewable Energy
Act 832, 2011

Ghana National
Energy Policy, 2021

Energy Commission
Act 541, 1997

National Electricity
Grid Code, 2009

Environmental Assessment
Regulations LI 1652, 1999
(amendments in 2022)

Licensing and Permits

Hazardous and Electronic
Waste Control and Manage-
ment Act 917, 2016

Technical Guidelines on Envi-
ronmentally Sound E-waste
Management in Ghana, 2024

Technical Guidelines on Envi-
ronmentally Sound E-waste
Management in Ghana, 2024

This act provides the legal and regulatory framework for the devel- Energy
opment, management, and utilization of renewable energy sources, Commission
including solar energy. of Ghana
Outlines the government'’s vision, objectives, and strategies for the energy | Ministry of
sector, including increasing the contribution of renewable energy to 10% Energy,

of the overall electricity generation mix by 2030. Promotes the develop- Energy
ment of solar energy through initiatives such as the Renewable Energy Act, | Commission
feed-in tariffs, and the establishment of a Renewable Energy Authority. of Ghana
This act establishes the Energy Commission of Ghana, which is responsi- | Energy

ble for regulating and managing the development and utilization of en- Commission
ergy resources, including renewable energy sources like solar. Also issue | of Ghana
licenses and permits for the commercial generation and transmission of

electricity from renewable energy sources, including solar PV systems

This code sets out the technical requirements and standards for Energy
connecting renewable energy systems, including solar PV installations, Commission
to the national electricity grid. of Ghana

These regulations require an environmental impact assessment (EIA)

Environmental

to be conducted for certain projects, including large-scale solar PV Protection
installations. Agency (EPA)
Depending on the scale and location of the solar PV installation, various | Energy
licenses and permits may be required from relevant authorities, such as | Commission,
the Energy Commission, EPA, and local authorities. EPA

Regulates the management and control of e-waste, including PV panels.
Establishes the Hazardous and Electronic Waste Management Fund.

Environmental
Protection
Agency (EPA)

Provides guidelines for implementing Act 917. Outlines procedures for
permits, licenses, and registration for e-waste management activities.

Environmental
Protection
Agency (EPA)

Provides guidelines for the management of electronic waste, which
provide some guidance on the proper waste segregation, storage, and
handling practices for EoL PV panels.

Environmental
Protection
Agency (EPA)
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4 Environmental, social and economic aspects

Environmental aspects

PV panels produce roughly
15-20 times more energy
than was needed for its
manufacturing [22] and
emit roughly 425 grams of
COz-equivalent of green-
house gases per kWh [23].

€¥) social aspects

Studies on life-cycle-analysis of PV systems in Switzerland assuming a lifespan
of 25 years, show that a typical PV system produces 15 to 20 times more energy
than it was needed for its manufacturing [27]. They emit roughly 42.5 grams of
CO2-equivalent greenhouse gases per kilowatt-hour (kWh) during operation,
compared to around 1360 grams per kWh for electricity from lignite (brown coal)
[28]. However, this efficiency and environmental benefit may not apply to the
same extent to countries like Ghana, where different environmental conditions,
could affect the performance and lifecycle of PV systems. Due to higher temper-
atures, typically, electricity harvest could be lower in Ghana. However, as dis-
cussed in chapter 1, geographic conditions with more hours of direct sunshine,
apart from the rainy season, would speak in favour of high electricity harvesting.

Reusing EoL PV panels significantly reduces the amount of waste sent to landfills.
By extending the life of PV panels, the need for new materials and the associated
environmental impact of production is reduced. Reusing panels conserves valua-
ble resources such as silicon, silver, copper, and aluminium, which are needed in
the manufacturing of new panels. This also reduces the environmental footprint
associated with mining and processing of these materials.

PV panels and its components usually contain hazardous substances, as ex-
plored in section 2.3. If treated in an unsound manner at the EoL, for example if
PVC containing cables are burnt at low temperatures, toxic emissions (e.g. diox-
ins) are emitted harming both, human health and the environment. Therefore,
the importance of separate collection and suitable treatment of PV systems after
the use phase needs to be highlighted.

While environmentally sound recycling management practices need to be es-
tablished, authorities and solar installation companies could also support and
promote the design, procurement and adoption of PV panels that are free from
lead in solders, and antimony in glass. However, given that manufacturers are
outside Ghana, this approach would call for a stringent import requirement and
control and a global effort to make hazardous-free PV panel accessible. This
approach could serve as an additional core recommendation to complement
ongoing efforts in improving e-waste management.

From a social perspective, the EoL collection and recycling of PV panels in Ghana
are closely linked to the so-called ‘informal sector." These workers collect and
process materials without formal contracts, insurance, or ties to a company,
often earning very little. Similar to the economic factors discussed later, poor
collection and recycling practices result from a lack of regulations in a highly
competitive market. Ensuring environmentally safe and socially responsible col-
lection and recycling of PV panels would require effective compliance measures
and the enforcement of higher labor standards. However, this would also lead
to higher costs of the material and hence make recycling less attractive.



%) Economic aspects

PV panels are sold for
reuse at the range
between GHS 600 (= 42 €)
and GHS 1,200 (= 83 €) per
panel, while recycling
the materials yields only
about 156 GHS (= 11 €)
per panel.

As explained in chapter 3 informal scrap dealers find economic benefits from
the sale of reusable PV panels and various components of a PV system. Reusa-
ble PV panels are sold to farmers or other users between GHS 600 (= 42 €) and
GHS 1,200 (= 83 €), depending on the severity of the damage on the panel and
power output generated. Regarding recycling, only some fractions of EoL PV
panels are collected and channelled towards material recovery, with a yield of
only about 156 GHS (= 11 €) per panel. This includes the recovery of the alumin-
ium frame that are forwarded to the local aluminium recycling in the informal
sector (e.g. smelting and casting of aluminium pots) and the recovery of copper
from cables. Aluminium from the PV panels is currently priced at a range of
GHS 25 - GHS 30 (= 1.74 € - 2.09 €) per kilogram. Similarly, cables striped from
the panels are collected for copper recovery. Even when they currently come in
small quantities, they form a major part of the valuable components of the pan-
el, selling at a price range of GHS 120 - GHS 100 (= 6.95 € - 8.31 €) per kilogram.
While this recycling chain is driven by the material value of the materials, the
remaining materials are dumped or landfilled as they do not find a market for
recycling and recovery in Ghana. As shown in chapter 2.3 some of these compo-
nents contain hazardous components (Antimony stibium in glass fraction; lead
in interconnectors or lead-oxide PbO in the solar cells). Typically, sustainable
material recycling and energy recovery of these components are related to high
costs rather than profits.

Therefore, from an economic point of view, sustainable recycling of PV modules
need a EPR system that integrates collection, sorting, recycling, and recovery. In
the Ghanaian context, it means that it could be financed by the revenues from
the eco-levy (under Act 917, see chapter 3.7) if PV systems were included in the
scheme. By this, the financial means paid by the importers of PV cells could be
used to finance the economic gap between sustainable recycling and unsound
treatment and dumping, which economically spoken means an externalization
of costs from the PV manufacturers to the public. Considering the Ghanaian Act
917, itis in the responsibility of the Ghanaian government to guarantee a steady
financial flow allowing a sustainable material flow.
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5 Exploring an EPR System

EPR scheme for e-waste under Act 917

X} EPR scheme for PV panels

5.2.1 International best
practices to serve as
a blueprint

The rapid expansion of Ghana's solar energy sector has introduced significant
challenges for managing EoL PV systems. Act 917, established Ghana's EPR
scheme for electronic waste, financed by an eco-levy on imported electronics.
The eco-levy is paid by the importers and feed the so-called “e-waste fund”. At
the same time, this Act mandates that producers or importers are responsible
for ensuring that products reaching their end-of-life are collected and recycled.
Financial means of the e-waste fund are to be released to co-finance the take-
back. However, the eco-levy currently excludes PV panels, creating a regulatory
gap for EoL PV management. This lack of coverage complicates the enforcement
of Act 917, as PV panels are omitted from both collection initiatives and fund-
ing mechanisms. Under Act 917, the eco-levy should finance sustainable waste
management systems, including collection and recycling infrastructure. With
this financing, Section 32 of Act 917 specifies that “a manufacturer, distributor or
wholesaler of electrical or electronic equipment shall take back used or discarded
electrical or electronic equipment manufactured or sold by it for recycling pur-
poses.” However, without the inclusion of PV panels under the eco-levy, manu-
facturers and importers of PV products are not obligated to pay the eco-levy and
therefore can not receive funds to establish take-back and recycling mechanisms
for EoL PV waste. This oversight has led to inconsistent practices, where some in-
stitutions independently manage PV waste, while most panels end up in informal
waste streams or are stored indefinitely without proper disposal pathways.

The absence of a PV panel waste management approach in Ghana increases the
risk of environmental contamination from materials like lead in PV panels. To
address this, Act 917 could be expanded to include PV panels under the eco-levy,
creating a financially supported, enforceable system for EoL PV management
within Ghana.

However, since its enactment in 2016, Act 917 shows weak results and has yet
to deliver any meaningful advancements in e-waste financing or management
within the country. Despite having been in force for over eight years, its impact
on the handling of e-waste types remains negligible. Only recently has a small-
scale pilot project been initiated, which is limited in scope and volume - falling
far short of addressing the broader e-waste challenge. This lack of progress
suggests that Act 917 is unlikely to result in the establishment of a functioning
financing mechanism for e-waste management.

While Act 917 could be expanded to include PV panels, alternative approach-

es should also be considered. This could include the design of an alternative
EPR-System, based on international best practices and lessons learned, or
promoting the design and adoption of PV panels that are free from hazardous
substances like lead in solder, arsenic, and cadmium. Caution should be given to
the avoidance of double accounting of responsibilities.

The EU and Australia have successfully implemented EPR models for EoL PV panel
management (see Table 5). These schemes could serve as blueprint for enhancing
Act 917 to incorporate PV panels or to set up an alternative EPR scheme for PV
panels, though they would need to be tailored to Ghana's socio-economic context.



Table 6: International EPR models
for EoL PV panel management

5.2.2 Incorporating EPR in
import requirements

5.2.3 Potential for

EPR Implementation
through Public-Private
Collaboration

WEEE Directive* Australia’s National E-Waste Policy®

The WEEE Directive requires manufac-
turers to take direct responsibility for

the collection, take-back, and recycling of
electronic products, including PV panels.
European manufacturers are mandated to
establish accessible collection points and
recycling processes, which are financially
supported through the EPR model.

Australia integrates solar panels as part of
the Product Stewardship Act and into its
broader e-waste management framework,
where manufacturers are required to col-
laborate with certified recyclers to create
accessible collection and recycling systems.
This partnership between industry and
government reduces consumer burdens

and establishes accountability across the
product lifecycle.

1) Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012 on waste
electrical and electronic equipment (WEEE)
2) Product Stewardship Act 2011, Recycling and Waste Reduction Act 2020

By leveraging these international best practices, Ghana could adapt Act 917's EPR
framework to include PV panels, using the following integrated approaches:

» Expand the Eco-Levy to Cover PV Panels: Modify or amend Act 917 to in-
clude PV panels in the eco-levy. This would ensure that funds are allocated for
PV-specific waste management systems, and that manufacturers and import-
ers of PV products contribute to EoL solutions through eco-levy funding.

» Mandate PV Panel Take-Back Systems with Industry Co-Financing: Amend
Act 917 to require PV installation companies and importers to implement
accessible take-back systems in collaboration with certified local recyclers.
Like the WEEE Directive, this mandate should compel manufacturers to set up
recycling targets and fund collection points to ensure that consumers have
formal channels for returning EoL panels.

Discussions with the Energy Commission of Ghana confirmed that they have
taken steps to regulate the importation of solar panels by requiring importers
to provide documentation from manufacturers on the standards of manufac-
turing, energy capacity, and other relevant technical specifications. This require-
ment ensures that the panels meet certain quality and performance standards
before being allowed into the country. This regulatory framework could be
strengthened by incorporating EPR agreements or take-back systems as part of
the importation requirements. This EPR clause will mandate importers and solar
companies to set up take-back systems or ensure their manufacturers provide
recycling services. This would shift the responsibility for EoL management from
the consumers and the government to the producers and importers, encourag-
ing more sustainable practices throughout the product lifecycle. This approach
should also be designed in a way that it does not conflict with Act 917 or lead

to double accounting. Both schemes need to be well aligned to make sure that
roles and responsibilities are well set.

One of the critical insights from the field visit is the willingness of private import-
ers and installers to engage in discussions about the possibility of an EPR system.
This could present a promising avenue for public-private partnerships (PPP).

PPP could help to:

» Bridge the gap between government regulations and private sector partic-
ipation, fostering an environment where government agencies, producers,
importers, and installers share their mutual and clear responsibilities for the
lifecycle of PV panels from installation to EoL disposal.
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X} Role of regulatory bodies

5.3.1 Environmental
Protection Agency

5.3.2 Energy Commission’s
regulatory authority

5.3.3 Ghana Standards
Authority’s role in setting
technical standards

» Attract investments for the development of recycling technologies and infra-
structure that Ghana currently lacks. This would reduce reliance on exports
for recycling and instead stimulate the local economy through job creation in
the green sector.

Many of these private entities have expressed openness to the concept, recog-
nizing the need to mitigate waste management challenges. However, business
concerns were raised for the need of a level-playing field. By engaging these
stakeholders early in the design process, regulatory bodies like the Energy
Commission and the EPA could ensure that the conditions surrounding the EPR
system are fair and feasible, encouraging broader industry buy-in. However,
ensuring conformity with sound standards is key to create an economically lev-
elled-playing field and enable sustainable recycling.

The successful implementation of an EPR system in Ghana hinges on the proac-
tive role of regulatory bodies, including the Energy Commission, EPA, the Ghana
Standards Authority (GSA), and the structures in place under the Act 917 and its
accompanying regulations. Each of these institutions has a distinct yet intercon-
nected mandate that can help establish a robust EPR system for managing EoL
PV panels, driving sustainable waste management practices, and reducing the
environmental impacts of improper disposal.

The EPA is the regulatory authority for enforcing environmental standards in
Ghana. Under the Hazardous and Electronic Waste Control and Management Act
2016 (Act 917) and its associated regulations, EPA oversees the environmentally
sound management of hazardous waste, including components of PV panels
such as lead and antimony. EPA has issued guidelines for the collection, trans-
portation, recycling, and disposal of electronic waste, a framework that could be
extended to PV panel waste management. The E-Waste Fund established by Act
917 could be instrumental in financing or cofinancing the development of recy-
cling facilities, subsidizing take-back schemes, and facilitating the safe handling of
obsolete panels. By leveraging this fund, the EPA can incentivize both public and
private stake-holders to participate in the EPR framework. The EPA’s mandate
includes conducting audits and monitoring the operations of facilities involved in
hazardous waste treatment. This oversight will be crucial to ensuring compliance
with EPR requirements, particularly for panels containing toxic substances.

The Energy Commission of Ghana plays a key role in the definition of renewable
energy policies, including regulating solar PV imports and installations. While
current regulations ensure importers meet minimum quality and performance
standards, the commission could expand its framework to mandate EPR pro-
visions. By integrating EPR into the Renewable Energy Act 2011 (Act 832) and
import guidelines, the commission could require importers to implement take-
back schemes and partner with local recyclers or establish dedicated programs
for managing EoL panels. Licensing conditions could also include EoL manage-
ment plans, covering recycling, refurbishing, and safe disposal. Beyond enforce-
ment, the commission could collaborate with stakeholders like EPA and GSA

to create a cohesive EoL management system and promote public awareness
campaigns on recycling solar panels and the benefits of EPR.

The GSA sets and enforces technical standards across industries and can play a
vital role in ensuring EPR systems for PV panels meet national and international
safety and environmental standards. The GSA could establish standards for PV
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panel design and manufacturing to facilitate easier disassembly and recycling,
minimizing environmental impact. Collaborating with the Energy Commission
and EPA, the GSA can set benchmarks for handling, transporting, and storing
EoL PV panels, formalizing practices and ensuring safe management. Addition-
ally, the GSA could ensure recyclers have proper equipment and training to
dismantle panels safely.

Many companies and consumers are unaware of the environmental risks posed
by improper disposal of PV panels. Getting the solar companies’ buy-in for a suc-
cessful integration of the PV panels into the current EPR system would require
significant awareness campaigns and capacity-building initiatives. Ghana's nas-
cent PV panels EoL management efforts can also benefit from local case studies
and existing international collaborations. For example:

» The Regional Maritime University has a leasing agreement with a German
manufacturer, requiring broken panels to be returned to Germany. If success-
ful, this model could be expanded to other solar manufacturers to help scale
up a formalized take-back scheme.

» Collaborations with organizations such as the ‘Global Solar Council’ or ‘PV
Cycle’ could support the development of a national framework for EPR in
Ghana. These bodies have extensive experience in managing solar panel recy-
cling and can provide technical assistance.
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Insights: Management of EoL PV panels
in South Africa and Egypt

South Africa

Many other countries are facing similar challenges like Ghana. In this chapters
some key aspects of PV recycling in South Africa and Egypt are listed, which both
form part of the SRI programme.

6.1.1 Market

6.1.2 Management
of EoL PVs Panels

South Africa experiences frequent power outages —commonly known as load
shedding — which increased the demand for private solar installations signif-
icantly. In 2023, this led to a record-breaking number of PV systems being im-
ported. It has been reported that South Africans now generate more electricity
through private solar installations than the largest power station of Eskom, the
country’s largest energy provider [29] and that the country has the continent’s
largest installed capacity of solar energy [25]. Similar as in the case of Ghana,
the main type of PV panels installed are the crystalline silicon panels [31]. Eol PV
panels are considered a “negative value” waste stream, meaning that despite the
valuable material being recovered, the costs of processing outweighs the finan-
cial returns. [32] Considering the increasing and rapid deployment of PV systems
in South Africa it is expected that the number of PV panels reaching their EoL
will exponentially increase, creating a massive stream of waste that needs to

be dealt with and that requires effective waste management solutions [32] (see
Figure 14). In addition to that, there is another concerning trend of developed
countries exporting their EoL PV panels to developing countries [32].

South Africa has currently no dedicated solar panel recycling facility, however
some recycling facilities, such as DESCO, Ewaste Africa and Reclite collect and
dismantle EoL PV modules [29], [31]. Some PV panels are reused in local town-
ships, agricultural applications and other uses but there are no official records
tracking their fate once they reach EoL [32]. Collected EoL PVs panels are cur-
rently piling up or being treated similar like general e-waste, with the valuable
aluminium frames and cables removed while the glass and other materials are
either discarded in landfills or crushed into low-value mixed cullet, primarily
used as concrete aggregate[29], [32]. There are currently no solutions for recy-
cling of glass and solar cells in a circular way to reuse the materials for producing
solar panels [31].

One of the biggest challenges is reported to be profitability [29]. The challenges
to set up a large-scale solar panel recycling plant include the required financial
investments, the high energy required (combined with frequent load shedding),
establish end-market for recovered materials and support from relevant stake-
holders (business, consumers and government) [29]. In the short to medium
term (2024-2042), the potential for extensive material recovery is limited and will
likely serve as a complement to general e-waste management efforts. However,
the long term (2043-2060) will see a growing demand for large-scale material re-
covery and recycling solutions [31]. The export of PV panels is today considered
the best option, after repair or refurbishment [29].

As in Ghana and many other countries, the scale and efficiency of global silicon
manufacturers make it further challenging to create local processes for recov-
ering of silicon that can be reused for the same product and quality, especially
given the currently low EoL volumes [32]. Establishing an efficient return logistics



6.1.3 Regulatory
framework

chain is essential to achieve the volumes needed for implementation of efficient
recycling plants that can produce high quality secondary materials at a competi-
tive cost [32].

The adoption of renewable energy technologies gained momentum in 2011
with the introduction of the government-driven Renewable Energy Independent
Power Producer Procurement Programme (REIPPPP)[33]. The REIPPPP along
with South African’s Integrated Resource Plan has facilitated large-scale project
of solar PV installations [31].

In South Africa the Waste Act (NEMWA) (Act 59 of 2008) provides the regulatory
framework for waste management. EoL PV modules are classified as e-waste un-
der the country's EPR regulations (GN1184 of 2020) [34] and according to the Na-
tional Norms and Standards for Disposal of Waste to Landfill (GNR636 of 2013)
[35] are prohibited to be disposed of to landfills. The country’s EPR regulations
(GN1184 of 2020) [34], which came into effect in 2021, outlines which products
at their EoL fall under the responsibility of the producer. This includes PV panels
and PV related equipment. Producers are responsible to ensure that PV panels
are not send to landfill and properly manage at their EoL. The EPR regulation
also mandates companies to register with the DFFE, either establish or join a
registered PRO, and contribute fees to the PRO to implement the EPR scheme, or
manage their own scheme if they have set up their own PRO [31].
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A Egypt

6.2.1 Market

6.2.2 Management
of EoL PVs

6.2.3 Regulatory
framework

In Egypt, the energy sector has been challenged with depleting energy resources
and rising energy demand. This has been causing intermittent power shortcuts
[30], [36]. The share of energy from PVs is low with 1704 MW generated in 2022
[30]. In order to meet the growing demand of energy Egypt has started with
several solar and wind energy projects and has the continent's second largest
installed capacity of solar energy, after South Africa [30]. It is expected that the
solar energy will have the strongest share of renewables energy production by
2035 [6] and accordingly resulting into a massive waste stream after their EoL.

Solar farms in Egypt have installed mono and polycrystalline silicon cells, mi-
cro-morph cells (a thin-film technology [37]) and parabolic through collectors®
[36]. Furthermore, there are several industrial facilities that have installed roof-
top PV panel system [38], mostly mono- or polycrystalline.

Despite government efforts, WEEE management in Egypt remains largely domi-
nated by the informal sector. Currently, there is no specialized treatment facility
for EoL PV panels in Egypt, and no specific information is available regarding the
fate of EoL PV panels in the country. Of the 15 formal recyclers listed in the SRI
report ‘Solutions for Problematic Fractions from WEEE in Egypt’' (2022), only one
lists PV panels within its scope of work [39]. The Egyptian Electronics Recycling
Company reported that most of the PV panels they receive are repaired and
reused, even if their performance is only at 50% of the original level. It can be
assumed that the few completely broken and non-reusable EoL PV panels are
processed similarly to those in South Africa and Ghana. In these cases, valuable
materials like frames and cables are extracted and sold, while non-valuable parts
are discarded.

While Egypt has a list of policies that enable the development and increase the
share of renewable energy production [30], the electronic waste management
legislation remains in its early stages. At present, there are no specific laws or
regulations governing the management of electronic waste or PV panels, aside
from the requirement for primary producers to obtain Environmental Permits
for the transport and recycling of WEEE [39]. Additionally, an EPR Scheme for
WEEE, as proposed in the Hazardous Waste Sector Action Plan, is currently un-
der discussion.

6) based on concentrated solar power generation technology



7 Key findings and recommendations

Key Findings

Growing stock of EoL PV

Favorable economic
conditions encourage
reuse over recycling

Lack of formal EoL
management system for PV
panels and improper man-
agement thereof

Lack of awarnes,
technical capacity and
financial constraints

Gaps in Regulatory
Framework and missing
enforcement

» With the growing deployment of PV panels in both residential and commercial sectors,
the overall stock of these panels is expanding, necessitating the implementation of
effective solutions for their safe and environmentally responsible treatment.

» Minimally damaged PV panels sell for GHS 600 (= 42 €) to GHS 1,200 (= 83 €) in informal
markets, compared to only GHS 156 (= 11 €) per panel from material recycling, already
favouring reuse of recycling.

» There is no structured or formalized system for managing EoL PV panels, leading many
discarded or damaged panels to end up in informal sectors. Materials from PV panels,
such as glass and semiconductors, are often discarded or handled incorrectly, causing
significant health and environmental risks.

» Components of a PV system often have a shorter lifetime. Mismanagement of these com-
ponents, such as lead-acid batteries, cause severe health issues and environmental harm.

» Most scrap dealers are unaware of the hazards of improper handling, leading to
increased environmental and health risks.

» There is a lack of infrastructure and technical capacity for sound management of
EoL PV panels

» Recycling facilities in Ghana primarily target high-value metals like aluminium and
copper, while neglecting other materials of missing market or low value such as glass.

» While regulations like LI 2449, LI 2452, and LI 2461 govern solar products, inconsistent
enforcement, especially for EoL management, remains a challenge. The Renewable
Energy Act of 2011 focuses on deployment and quality control but offers little guidance
on disposal and recycling. E-waste guidelines under ACT 917 fail to address all PV panel

components, leaving gaps in EoL management.

ger/Adober Stock
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Government

Solar installation companies
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It must be ensured that different principles do not contradict each other but
rather work effectively in a complementary manner. By building on interna-
tional best practices and leveraging on local initiatives, Ghana can establish a
sustainable, circular economy model for EoL PV management. This will not only
mitigate environmental risks but also contribute to Ghana's broader renewable
energy and waste management goal. Recommendations include:

»

»

¥

Expand the eco-levy to include PV panels: The government should amend the eco-levy
system to include PV panels and their components, ensuring that funds are available to
support take-back and recycling initiatives.

Provide financial incentives for currently non-valuable materials: The government
should establish a financial mechanism, potentially through the extended eco-levy or
other dedicated subsidies, to support the recycling of currently non-valuable materials,
such as glass.

Develop a national database for PV panels and components of solar systems: Prior-
itize the development of the national database to track the import, use, and disposal of
components of solar systems, providing essential data for policy planning and regulatory
enforcement.

Develop and enforce a EoL PV panel management plan: The Energy Commission and
EPA should establish and enforce guidelines requiring solar importers and installers
to comply with EoL management plans, covering safe reuse, recycling and disposal
practices.

Exploring the integration of other EPR models: Integration of PV panels into the current
EPR system in Ghana is crucial as the country continues to embrace solar energy.

Promotion of Hazard-Free PV Panels: Encourage the adoption of PV panels free from
hazardous substances such as lead or antimony, e.g. by promoting the use of existing
lead-free technologies.

¥

Implement PV panel take-back schemes: Solar installation companies should be required
to establish formal take-back schemes for damaged or decommissioned panels being
supported under Act 917. Collection points should be set up at installation sites or service
centres to ensure safe and responsible disposal.

Include EoL Management in Service Agreements: Solar companies should incorporate EoL
management as part of their service agreements with consumers, ensuring that customers
are guided on how to properly dispose of their panels through formal channels.

¥

¥

Prepare for establishing specialized PV panel recycling infrastructure: While priority
should be given to developing a take-back system, government and private sector stake-
holders should anticipate the growing numbers of EoL PV panels and prepare to establish
a dedicated recycling facility. This can be done through public-private partnerships or
international cooperation for technology transfer under Act 917.

Alternatively, prepare for exporting to specialized PV panel recycling facilities: Alter-
natively, depending on the volumes of EoL PV panels, solar installation companies and
recyclers should, in collaboration with the government, explore the possibility of export-
ing EoL PV panels for safe treatment and with regard to maximizing material recovery and
minimizing environmental impact.

Integrate informal workers into formal recycling systems: The government should
enable and support partnerships between informal workers and formal companies, that
allow informal micro-entrepeneurs to contribute to material recovery in a safe work
environment.

»

»

Develop a training program on safe reuse and recycling of EoL PV panels: Develop
and implement dedicated training programs around best practices for the reuse and
recycling of EoL PV panels.

Establish minimum standards: Develop standards that outline at least the minimum
requirements for safe management of EoL PV panels.
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SRI builds capacity for sustainable recycling in developing countries. The
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(SECO) and is imple-mented by the Institute for Materials Science & Tech-
nology (Empa) and the World Resources Forum (WRF). It builds on the
success of implementing e-waste recycling systems together with various
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