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Abstract
Purpose – The purpose of this paper is to propose a conceptual framework for handling end of life
(henceforth EoL) scenarios of solar photovoltaic (solar PV) panels, which includes different options available
to businesses and end-users, as well as promoting the collaboration between government and all relevant
stakeholders.
Design/methodology/approach – This paper adopts purposeful sampling, secondary data and content
analysis to develop an appropriate conceptual framework that helps to create awareness of the appropriate
options for dealing with the EoL cases of solar PV panels.
Findings – From the data analysis, it is revealed that reuse, repair and recycling of solar PV panels can
ensure value creation, public-private partnership and a solution for education in sustainability, and thus,
prolonging the useful life cycle of the products.
Research limitations/implications – This paper limits the analysis on developing economies and the
use of selected literature based on the recycling of solar PV panels.
Originality/value – This paper is an initial attempt to create an awareness by identifying, analyzing and
educating the stakeholders to handle appropriately any EoL scenario of solar PV panels.

Keywords Surveys, Energy production, Environmental damages, Energy sector, Waste-based,
Energy transformation, Mail questionnaires, Interviews, Online surveys, Stakeholder meetings,
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1. Introduction
Due to the finitude of the fossil fuels, the energy crisis is increasing day-by-day and it is
considering a common problem globally (Leal et al., 2018; Rani et al., 2020). Fossil fuels are
also responsible for environmental hazards and to keep the environment sustainable, it is
necessary to look for the use of new sources of clean and renewable energies. Renewable
energies contribute toward the environmental, social and economic development of
countries (Poudyal et al., 2019; Can and Korkmaz, 2019). There are various sources of clean
and renewable energy sources such as solar (Shukla et al., 2018), biomass (Kumar et al.,

© Emmanuel Ndzibah, Giovanna Andrea Pinilla-De La Cruz and Ahm shamsuzzoha. Published by
Emerald Publishing Limited. This article is published under the Creative Commons Attribution (CC
BY 4.0) licence. Anyone may reproduce, distribute, translate and create derivative works of this
article (for both commercial and non-commercial purposes), subject to full attribution to the original
publication and authors. The full terms of this licence may be seen at http://creativecommons.org/
licences/by/4.0/legalcode

IJESM
16,1

112

Received 4 November 2020
Revised 22 January 2021
Accepted 30April 2021

International Journal of Energy
Sector Management
Vol. 16 No. 1, 2022
pp. 112-128
EmeraldPublishingLimited
1750-6220
DOI 10.1108/IJESM-11-2020-0005

The current issue and full text archive of this journal is available on Emerald Insight at:
https://www.emerald.com/insight/1750-6220.htm

http://dx.doi.org/10.1108/IJESM-11-2020-0005


2015), wind (Thapar et al., 2018), hydrogen (Askari et al., 2018a), fuel cell (Askari et al.,
2018b, 2019; Salarizadeh et al., 2019), nanocomposite (Salarizadeh et al., 2020a, 2020b) and
supercapacitors (Salarizadeh et al., 2020a, 2020b). Each of the energy sources are suitable for
specific geographical locations and can suits from region to region.

Solar photovoltaic (solar PV) is one of the most commercially viable renewable energy
with many advantages. It is environmentally friendly and flexible to scale based on
preferred capacity (Bakhiyi et al., 2014). The installation of solar PV has scaled year after
year from an estimated total of 1 gigawatt (GW) in 2004 to some 470 GWs as at 2017 an
estimated annual growth rate of more than 20% (SolarPower Europe, 2018). It is obvious
that PV power will be a leader in future energy development (Luo et al., 2008; Winneker,
2013; Xu et al., 2018).

Furthermore, in developing countries, the huge fragmentary phenomenon concerning
demand and supply of electricity has created new innovative opportunities including the
adoption of solar PV systems and its peripheral components. Individual, corporate and
institutional installed capacity keeps growing and initially, all seem to be great. Solar PV
technology provides important advantages over other low-carbon technologies for
developing economies, including the possibility to implement in any scale; however, there is
relevant environmental issues to take into consideration related to the disposal process of
Solar PV panels, as parts of the components are considered as hazardous waste (Xu et al.,
2018). Currently, PV panel disposal is becoming a “hot topic” in developed countries because
the “first batch” of decommissioned panels requires adequate waste management (Aman
et al., 2015; Xu et al., 2018). Environmental issues derived from the inappropriate disposal
process after decommissioning are the leaching of cadmium and lead, and losses of rare
metals such as indium, gallium and germanium (Xu et al., 2018). According to International
renewable energy agency (IRENA) and IEA-PVPS, (2016), the amount of global PV waste
reached around 250,000 metric tons and by 2050, it is expected to reach around 6 million
metric tons.

Although solar PV contributes heavily toward mitigation of global energy demand but
its proper disposal is critical to protect our costly environment. Solar PV can be recycled and
reused because of its valuable materials after the end of life (EoL) (Aryan et al., 2018;
Ardente et al., 2019; Vargas and Chesney, 2021). In such a perspective, an appropriate waste
management strategy can be adopted to handle the waste generated from PV panels and
recovered valuable materials from them rather than disposed to the landfills that create
environmental hazards (Franz and Piringer, 2020; Mahmoudi et al., 2021). The demand for
electricity is growing exponentially worldwide, especially in developing countries, where
there is also a gradual shift toward renewable sources of energies to fulfill such demand. In
this study, an analysis is done based on the overall status of the global PV market and
demonstrated the possible consequences of the generated PV wastes. In addition, this study
also discussed the necessity of PV waste management and recycling and provided a
methodology for implementing required policies and regulations. Nonetheless, an inherent
issue needs to be resolved before it is too late. Considering such concern related to PV waste,
this study identifies three research questions (RQs), which are answered during the scope of
this research study. Identified three RQs can be stated as follows:

RQ1. What are the environmental consequences of the expired solar panels globally?

RQ2. How to manage the wastes as created from the expired solar panels for
environmental sustainability?
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RQ3. What are the roles of various stakeholders to make the solar panels beneficial with
respect environment, economic and socially?

The term Solar PV panel describes the configuration of solar cells that use light energy
(photons) to generate electricity (Ndzibah, 2003; Ndzibah, 2013). It is noteworthy that,
components from the panel can be recycled. The term “EoL” is used in the description of
products that are at the end of its useful life especially from the vendors’ point of view.
Although this does not mean the end of the use of any given product, usually the term could
refer to the time frame for which a product does not officially receive any form of support or
after-sales service thus, gradually rendering the product obsolete (Salim et al., 2018; Amo-
Asamoah et al., 2020).

Developing economies or developing countries are such countries considered to exhibit
high-risk tendencies to international business, limited in both economic and technological
innovations, as well as having a high percentage of the populace with low purchasing power
potential. Nevertheless, many of such economies as an advantage have high-quality natural
resources and unexploited market, which provides prospects for investment (Ndzibah, 2013).

The main purpose of recycling is to recover valuable material from the waste to use as a
raw material for new products (De Oliveira et al., 2017). Recycling is becoming a priority in
waste management. According to the Directive 2008/98/EC (European Parliament, 2008),
recycling is relevant because of its contribution to the reduction in waste generation. On the
other hand, re-using practices provide the opportunity to give a “second life” to products and
allow it to re-enter the market (Zacho et al., 2018). Recycling and re-using practices usually
aim to “create value” from waste, and thus, prolonging the life cycle of products. Therefore,
value creation promotes the utilization of waste as a valuable product. Value creation has
several advantages, for example, the reduction of waste disposal, reduction of negative
impacts derived fromwaste, new business opportunities, etc. (Peltola and Viana, 2016).

Ghana is used for this paper as the basis for a practical example of a developing
economy. Ghana has about 28 million people with a growth rate of approximately 1.9% per
annum (Ndzibah, 2013). The existing power generation capacity as of 2017 is about
4,398.5MW. In that same year, solar PV power generation constituted some 22.5MW
(Beijing Xiaocheng Company Solar Corporation generated 20MW of the total and Volta
River Authority generated some 2.5MW). The aforementioned total capacity excludes
embedded or captive back-up generation. It is noteworthy, that this installed capacity does
not include the smaller installations by households and some businesses. However, the
estimates of all smaller installations by registered vendors in 2017 amounted to a
cumulative lifetime total of 5MWwith over 85% of such installation in grid-connected areas
(IRENA and IEA-PVPS, 2016; Energy Commission Ghana, 2018; IRENA, 2018). The
percentage share of solar PV installation to the total generated electricity is significantly
low, yet these add up quickly over the lifetime of such installed capacity.

The rest of the article is organized as follows: Section 2 outlines various relevant works
from past to present days on PV panels and its life cycle. The study methodology is
highlighted in Section 3, while, overall study results are analyzed and discussed in Section 4.
Most specific issues associated to PV panels are discussed in Section 5 and the study
findings are concluded in Section 6.

2. Literature review
There is a growing trend of using solar PV globally to meet up energy crisis and to protect
the costly environment. PV ensures clean and renewable of sources of energy, which is
critical for a sustainable society. Although, the use of PV is beneficial to the humanity but it
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creates environmental hazards when its useful life is expired. It is, therefore, essential to
manage such wastes carefully in an economic way (Ludin et al., 2018; Mahmoudi et al., 2019;
Nain and Kumar, 2020a, 2020b). Such waste management can be a source of financial gain if
it is reused or recycled properly. It is estimated that the technical potential of materials
recovered from end-of-life solar PV panels could exceed $15bn by 2050 (Weckend et al.,
2016).

Decommissioning of solar panels can open a pathway to represent a significant untapped
business opportunity. It is projected that recycling or repurposing solar PV panels at the end
of their roughly 30-year lifetime can unlock a large stock of rawmaterials and other valuable
components (Weckend et al., 2016). The waste from PV panels, which is mostly glass and
potential material influx could contribute to the economy after recycling. Those wastes can
be reused by producing new panels or be sold into global commodity markets. This strategy
can also contribute to increasing the security of future PV supply or other raw material-
dependent products.

It is, however, needed to mention that the companies responsible to decommissioning of
PV panels need to the adoption of effective PV-specific waste regulation to expand their
waste management infrastructure with necessary innovation to waste management (Pandey
et al., 2016; Salim et al., 2019). In general, most of the countries globally consider waste from
PV panels, as “general waste” but the European Union (EU) was the first to adopt PV-
specific waste regulations, which include PV-specific collection, recovery and recycling
targets (Malandrino et al., 2017; IEA and IRENA, 2016).

It is studied that PV panels’waste management has considerable environmental benefits.
Cucchiella et al. (2015) studied that recycling 185 ton of PV panels with an installed capacity
to develop 2.46MW allows savings of about 1,480–2,220 ton CO2 equivalent. With respect to
controlling such CO2 emissions, it is essential to consider the combined environmental and
socio-economic benefits of raw material recovery. Because of the potential increase of rare
and valuable raw materials prices, the economics of recycling PV wastes will improve
further in the future (Sica et al., 2018). Proper waste management technique of PV panels
also reduces the trends of their use as landfills, which contributes the reduction of landfill
footprint and contributes to the reclamation of landfill volume for reuse (Padoan et al., 2019;
Nain and Kumar, 2020a, 2020b).

Decommissioning of PV panels can be executed through the circular economy concept,
where waste management approaches require changes throughout value chains, from
production, consumption and disposal of products to new business andmarket models, from
new ways of turning waste into a resource to new modes of consumer behavior (Sica et al.,
2018; Heath et al., 2020; Gautam et al., 2021). Such a waste management approach represents
unique opportunities to create value by enhancing regional businesses and jobs, and thus,
opens up new economic avenues. It is essential to establish cooperation between
stakeholders to maintain an uninterrupted supply of raw materials and overcome related
challenges to guarantee the acceptance of future PV panel waste management systems
(Huang et al., 2017; Malandrino et al., 2017).

3. Study methodology
For the methodology, this paper has considered the gap in knowledge as in EoL of solar PV
panels in developing economies, adopts a purposive sampling technique by using expert
samples from secondary data, which includes the selection of journal articles, official
reports, thesis and authenticated website. The process then followed a careful content
analysis based on the core objectives of the study for which the available data was analyzed
and triangulated to develop a conceptual framework for developing economies. The analysis
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of the secondary data brought about the identification of specific processes for dealing with
both hazardous and non-hazardous waste. Figure 1 below describes the process and
parameters used to arrive at the conceptual framework.

4. Results analysis
As trends indicate, the Solar PV industry will continue with exponential growth, and costs
will continue to fall. Therefore, access to this technology will become easily reached. One of
the reasons for this phenomenon is the important advantages of solar PV technology over
other low carbon technologies: On one hand, it is suitable to be applied at any scale, from the
household level to large solar farms. Additionally, it does not require major maintenance,
and the installation of a solar PV unit does not require complex infrastructure for its
operation. Nevertheless, there are some notable disadvantages, for example, related to the
relatively low efficiency of the current panels compared to the efficiencies achieved with
other technologies (hydropower, thermal conventional technologies, etc.), as well as the
variation in energy production because of the dependence to the solar irradiation on the
location, time of year and weather conditions.

In the particular case of Ghana, the deployment of Solar PV technology will increase
during the next few years. This technology is useful as a solution for the migration from
fossil fuels to low carbon technologies, thus bridging the gap between the current demand
and supply of electricity, as well as an alternate for the creation of decentralized energy
systems for off-grid regions in the country. It is notable that one of the main drivers for the
near diffusion of solar PV technology in the country is the fact that approximately 20% of

Figure 1.
Research approach
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the population in Ghana does not have access to electric power, which is equivalent to more
than 5 million people.

The production and export of solar PV panels are currently concentrated in countries
such as China, Hong Kong, South Korea, Canada and the USA (SunShot initiative, 2018).
The development of solar PV technology in those countries is extensive compared to other
locations, for different reasons (government policies, a large investment in research and
technology development, advanced learning curve, etc.). Therefore, the role of countries such
as Ghana can be positioned as “consumers” of technology rather than producers. With the
predictable massive entry of Solar PV technology to Ghana in the short term, it is also
necessary to structure a series of policies and programs, with the aim of avoiding potential
environmental, health, social and spatial impacts. According to the IRENA (IRENA and
IEA-PVPS, 2016), the amount of PV panel waste has already reached close to 250,000 metric
tonnes in 2016 and it is expected to reach about 5 million metric tonnes by 2050. These
figures have forced the rapid implementation of policies to establish the proper PV waste
management.

In the particular case of Ghana, which accounts for approximately 22.5MW of
cumulative solar PV power in 2017, it is possible to estimate that the amount of PVwaste for
that specific capacity in 25 to 30 years’ time will reach approximately 2140 metric tonnes
(with the assumption that waste generated from solar PV panels produced after 2010 is
approximately 95 tonnes per MW) (Sander and Al, 2007; IRENA and IEA-PVPS, 2016). The
aforementioned numbers do not include the projections of new installations after 2017. The
rapid deployment of Solar PV technology forced the EU to create policies “on the way” to
avoid catastrophic impacts of waste generated at the EoL of PV panels (Sander and Al,
2007). In 2012, the EU issued the EU Waste Electrical and Electronic Equipment Directive,
which among other purposes, forces producers and suppliers of PV panels who supply
products to the European Market, to cover the costs of collection and recycling of EoL PV
panels. So far, only the EU has established specific protocols related to PV waste (Xu et al.,
2018).

In developing economies such as Ghana, it is necessary to take preventive measures, and
define a clear “roadmap” to guarantee the proper use of the advantages of solar PV
technology. The measures will help to increase the accessibility to electricity, without
causing greater negative impacts in the future when the panels reach the EoL. Figure 2
provides a conceptual framework for the EoL solar PVs in developing economies such as
Ghana.

First, it is significant to bear in mind that diverse opinions are generated about the useful
life of solar PV panels. Generally, producers suggest that the useful life of a solar panel is
approximately 25 to 30 years. On the other hand, according to some studies, the useful life of
the panel can be longer (Kadro and Hagfeldt, 2017). However, after 20 years of operation, the
rate of electricity output reduces significantly and the probability of system failure
occurring. An accurate definition of when the useful life of a solar panel ends is complex
given that the market is still young (the first commercial installations started in the late 70s)
and the technological development has been enormous in the past decades, especially with
the “boom” of the solar PV industry that was generated from the year 2000.

4.1 Reusing: “photovoltaic panels second life”
The global need for reducing carbon emissions by adopting renewable technologies is
forcing countries such as Ghana, to implement important projects by the government and
also private companies. These projects will increase the production quota thus, reducing the
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gap between the demand and supply of electricity. Nevertheless, after 25–30 years many of
such installed units will be discarded and replaced by new infrastructure.

Before the decommissioning process, an evaluation of the individual units should be
made to ascertain, which of such units can be salvaged for reuse, repair or recycle. If the
panels are still in operational conditions, they can become a great alternate for installations
in off-grid areas without access to electricity. A panel of 25 to 30 years could continue
producing electricity for approximately 5 to 10 more years in a scenario in which there are
no failures in the device and or proper maintenance is performed.

To make efficient use of resources and increase the coverage of access to electric power
service, governments of developing economies should structure protocols to define the
management of solar PV panels before their total disposal. Rural areas, schools or other
institutions could benefit greatly from these measures.

4.2 Repairing
For the option of repairing, panels that are not in operative condition must be evaluated to
define the failure, and identify if it can be fixed. For example, according to IRENA (IRENA
and IEA-PVPS, 2016), 19% of the faults presented by solar PV panels correspond to J-box
and cables, which may possibly be replaced in the country of use. The repair service
industry could also specialize so that other types of failures can be addressed.

4.3 Recycling
Recycling practices generate important benefits such as the reduction of natural resources
extraction and reduction in the cost of new product manufacturing [5]. In the case of such
solar PV panels that cannot be reused or repaired, they can be recycled. Solar PV panels

Figure 2.
End-of-life solar PVs:
conceptual
framework in
developing
economies

IJESM
16,1

118



contain valuable materials that can be recovered [23]. According to IRENA (IRENA and
IEA-PVPS, 2016; Pagnanelli et al., 2017; PV Cycle, 2018; Santos, 2018), more than 95% of the
components of a first-generation solar PV panel (c-Si monocrystalline or polycrystalline) can
be recycled and classified as non-hazardous materials. Additionally, there are components
such as glass, which covers around 76% of the surface of the c-Si panels. More so, materials
such as aluminium, constitute roughly 8% of the panel while polymer, which covers the
back of the panel and its encapsulant (10%).

The aforementioned materials have the potential to be used as inputs for the
manufacture of various products (Wambach et al., 2006; Sander and Al, 2007). The
percentage of remaining mass requires special treatment, as it contains silicon, silver and
small amounts of tin and lead. Regarding the second generation panels or Thin-film, only
2% of the mass of the panel would be classified as hazardous waste. The third generation is
related to concentrator photovoltaics organic cells, hybrid panels and dry-sensitized solar
cells (Xu et al., 2018; Padoan et al., 2019).

Some aspects to take into account in the implementation of solar panel recycling practices
are the logistics required for the collection, transportation, disassembly of the panels and
subsequent treatment and disposal of hazardous waste (IRENA and IEA-PVPS, 2016). During
the past years, research and development related to recycling techniques are increasing.
Currently, there are available several techniques with pros and cons in terms of the complexity
of the process, recycling costs, etc. The principal techniques are classified according to the
material to recover or module fractioning (Fthenakis, 2000; Xu et al., 2018). Figure 3 below gives
a summary outlook of the principal recycling techniques used for solar PV panels.

4.4 Reduce
Ghana is not currently producing solar panels, rather they act as importers of this type of
technology. Therefore, it is crucial to define requirements regarding the selection of supplier
companies in accordance with the policies to implement measures aimed at reducing PV
waste. Recycling is a strong driver to promote waste reduction in solar PV panels’
production. According to Kadro and Hagfeldt (2017), the re-integration of recycled materials
from PV panels has several advantages such as the reduction of energy consumption from
energy-intensive components, reduction in environmental impacts from solar PV panels and
reduction of “energy payback time” (EPBT) of solar PV panels.

4.5 Value creation
EoL of solar PV panels should not be considered as merely the process of final disposal,
given that the EoL is also an opportunity to create value and capture value from a different
perspective (Kadro and Hagfeldt, 2017). For example:

� New business opportunities can be created from solar PV panels decommissioning,
as well as maintenance and repair activities (Kadro and Hagfeldt, 2017).

� The creation of specialized logistics services for panel collection, transportation,
evaluation of operating conditions and storage.

� Recycling is another opportunity to generate new jobs in the disassembling process
of devices and subsequent materials’ treatments (for example, homogenization by
mechanical or thermal treatments).

� Finally, the creation of a business opportunity for specialized treatment of
hazardous waste and its final disposal.
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4.6 Public-private partnerships
One of the key actions for a successful strategy of creating value from EoL solar PV panels
would be the structuring of a value chain for stakeholders. In this case, public-private
partnerships (PPPs) could play a relevant role in achieving this objective based on the
synergy and complementarity of the resources and competencies of the public and private
sectors to advance the energy transition (Sambrani, 2014; Pinilla-De La Cruz et al., 2020a,
2020b). In particular, PPPs between government, industry and societal groups could help to
achieve the following actions:

Figure 3.
Principal recycling
techniques
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� Policies, protocols and programs related to roles and responsibilities in EoL solar
PV panels.

� Policies on setting the criteria for solar panel suppliers focused on the reduction of
PV waste.

� Protocols for reporting quantities of PV solar panels in the national market to estimate
the PV waste in the future and the integration of databases of imports and sales.

� Protocols for the assessment of operating conditions of solar PV panels and the
definition of the corresponding actions.

� Protocols to avoid and prevent the trading of solar PV waste to and from the
country.

� Adoption of a suitable logistic chain to guarantee the appropriate management after
decommissioning. Nonetheless, solar PV panels can be reused or intended for
recycling (IRENA and IEA-PVPS, 2016).

� Definition of criteria to use decommissioned solar PV panels in off-grid locations
(second life of solar PV panels).

Additionally, the roles and responsibilities of parties involving should be defined about the
following activities:

� Responsibilities of producers in solar PV panels reparation, recycling and final
disposal management. For example, in Germany, the principle of “cost
responsibility” is applied in these activities (IRENA and IEA-PVPS, 2016).

� Responsibilities of consumers and buyers for adequate management of solar PV
panels after decommissioning.

� Definition of technical requirements of companies or individuals to carry out the
assessment of operational conditions of solar PV panels and decommissioning. It
includes reparation, collection, transport, storage, recycling of non-hazardous
materials and disposal of hazardous waste.

� Responsibilities in the definitions of technical competences and the corresponding
educational programs.

4.7 Platform for education in sustainability
Education and training is a fundamental factor in the construction of a sustainable system
for the proper management of the EoL solar PV panels. As solar PV technology has been
deployed in countries such as Ghana for a few years, it is necessary to train people to carry
out activities related to reuse, repair, recycling and final disposal of solar PV panels. This
process must be designed according to country specific needs. A well-grounded platform
will produce benefits such as:

� Decrease in environmental, spatial and health impacts associated to solar PV waste.
� Compliance with international standards in solar PV waste management.
� Increased efficiency in the use of resources in improving solar PV technology.
� Developing countries improved adaptation to new technologies and its transition to

low carbon energies.
� Greater citizen awareness about the importance of responsible management of EoL

solar PV panels.
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� Improved business and employment opportunities from innovative services around
the EoL solar PV panels.

5. Discussions
The ongoing analysis of key parameters that makes up the design and implementation of
appropriate protocols at this EoL analysis clearly hinges on three core drivers, namely,
economic, social and environmental. For instance, the economic drivers advocate the
conservation and recirculation of rare materials. More so, when the right parameters are
placed, all stakeholders will be able to aggregate the cost of saving from reuse and recycling.
In addition, the aforementioned factors help to add value and prolong the lifecycle of the
installed system. Furthermore, the economic driver also enhances the competitiveness of
producers by helping them adhere to strict international standards that promote quality and
sustainability (Salim et al., 2018).

The setup of a policy framework concerning EoL analysis will encourage producers to
adhere to international standards throughout their supply chain process. Likewise,
developing countries will create and implement policies to weed out the importation of sub-
standard solar PV panels promoting such healthy competition among producers. For social
drivers, the conceptual framework will set up a clear precedent in designing and facilitating
opportunities for job creation, reduction of human health risk and achieve stakeholder
expectations. The social drivers also will promote job diversity, as new technical skills will
be developed and trained in educational setups to add value to the skilled labor market in
developing countries (Salim et al., 2018).

The environmental drivers have the potential to reduce greenhouse gas emissions and
reduce EPBT of solar panels. Finally, the environmental drivers will ensure appropriate EoL
management through evidence of the product and material impact. Figure 4 below is well-
documented in the aforementioned discussion.

The aforementioned derivatives from the core drivers identified are reasonable;
nevertheless, the main issue in Ghana, which could delimit the implementation among
others is the type of labor policies, current educational curriculum and bureaucracy in public
institutions that hinder economic progress. On the other hand, recent policies proposed by
the Energy Commission (EC) (a public institution empowered to design and propose energy-
related directives for consideration and implementation by the energy ministry of Ghana)
has made it possible for the government to give incentive and subsidies to individuals and
businesses able and willing to install solar PV. Nevertheless, the EC could collaborate more
often with the private sector and notable stakeholders in the renewable energy industry, by
means of seminars andworkshops to understand the actual concerns of these stakeholders.

Moreover, the educational institutions could collaborate with current stakeholders in the
solar business to develop a suitable curriculum that addresses conservation, responsible
energy use and sustainability, as well as proper disposal of EoL solar PV panels. Finally, the
promotion and set up of regional training centers will help address the training process of
experts in solving the issues of reusing, repairing and recycling. More so, the process will
add value to the diffusion of solar PV as a main or alternate source of electricity supply in
the country. Current bureaucracy in public institutions such as the customs agency and
standard board could be reduced by promoting transparency in the clearing process of
renewable energy products. The customs and standard board should collaborate with the
EC, as well as all registered renewable energy businesses in identifying and promoting
international suppliers that adhere to the standards of production. The customs unit should
recognize all registered stakeholders and help policymakers by enforcing decisions made.
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Finally, the support in the prevention of illegal trade is an important issue that the public
institutions can promote.

This research work uses purposeful sampling in a diverse approach to help augment
various opinions and actual strategic framework of the Government of Ghana in issues
pertaining to recycling implementation plans for the future. The inclusion of an actual
government representative in the focus group study helped address a critical issue of
contemporary activities of how PV panels and its related components are managed. This
research work also moves from the classic approach of merely identifying a problem and
talking at length on the parameters covering the problem recognition. The paper rather goes
further in identifying plausible and tentative solutions including, for instance, giving the
panels a second life as in its potential for reuse after decommissioning of especially large-
scale solar PV farms.

Furthermore, some options such as repairing and recycling made it possible to
conceptualize a principal framework of reduction, value creation and the clear path and
integration of PPPs right from the early stages of adoption or diffusion of solar PV systems
in these developing countries. A suggestion of a platform for education in sustainability
helps to address the classic barriers of inadequate management tactics prevalent in a lot of
developing economies thus, helping the younger generation to plan in managing the
potential fall out of EoL scenarios of solar PV panels.

Figure 4.
Major drivers for the
implementation of the

conceptual
framework of EoL
solar PV panels in

developing
economies
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6. Conclusions
The proposed framework answers the core RQs set for this paper. For instance, in the
context of What are the environmental consequences of the expired solar panels globally?
The proposed options include the ability to reuse the unit, especially if proper maintenance
protocol is followed during the products’ life cycle of 20–25 years. Furthermore, the solar PV
panels could easily be repaired, as, for example, the broken component, such as the junction
box or its peripheral components can easily be obtained and replaced by a qualified
technician. Finally, in some cases, the solar PV panel could be recycled if for some reason the
unit is broken beyond repair. The recovered components can be reintegrated into new
products.

In answering the second RQ, which is considered how to manage the wastes as created
from the expired solar panels for environmental sustainability?, the conceptual framework
proposes policy decisions. Additionally, the framework suggested the collaboration among
stakeholders in setting local and international standards to establish the types of panels that
can be imported. The set objective can promote transparency in the customs regulation,
processes and the proper involvement of the standard board, as well as other regulated
public sectors.

The third objective, which asks what are the roles of various stakeholders to make the
solar panels beneficial with respect environment, economic and socially?, includes
awareness creation based on collaboration and promotion of policy decision in education in
the form of new curriculum development, workshops and seminars. The set objective will,
thus sensitize the stakeholders about the validity and applicability of the policy, creating
more job opportunities and new knowledge skills. This research study goes beyond the
technical description of the technological processes for the use of EoL solar PV panels. This
study also aims to pay the reader’s attention to the phenomenon by describing the problems
at a global level and the challenges for developing economies, as is the case of Ghana.
Indeed, this study, in addition to informing, proposes a roadmap to act proactively to reduce
possible environmental impacts and maximize economic opportunities and improvement of
the quality of life. From the study findings, a conceptual framework is developed that made
up of three fundamental elements, namely, the creation of value from waste in economic,
logistical and technical terms, building PPPs, which is an integrating element of the
different social actors in the establishment and implementation of strategies, roles and
actions aimed at taking advantage of the EoL PV alternates and structuring of a platform
for sustainability education oriented toward the formation of technical competences and
greater awareness of the phenomenon.

This study also considered that the proposed conceptual framework might have
contributions both at the managerial and policy levels. From this conceptual framework,
further studies can make significant contributions by focusing on each of its fundamental
elements. In particular, exploration value propositions fromwaste, as one of the pillars of the
circular economy, must be a concept to be integrated into the energy transition in developing
economies. On the other hand, PPPs will be a sine qua non in the energy transition process,
taking into account the strength of this cooperation scheme based on the complementarity of
resources and skills addressing a social goal.
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