Page |1

Financial Viability for Recycling Waste from Solar Panels
(Photovoltaic (PV)) in the United Arab Emirates (UAE)

EBRAHIM MOHAMMED OBAID SUBAIT ALSHEMEILI

A thesis submitted in partial fulfilment for the requirements for the degree of Doctorate
in Business Administration at the University of Lancashire

Jan-2026



Page |2

RSEARCH STUDENT DECLARATION FORM

Type of Award: Doctorate in Business Administration

School: University of Lancashire-Business Administration

| declare that while registered as a candidate for the research degree, | have not been a registered
candidate or enrolled student for another award of the University or other academic or

professional institution.

| declare that that no material contained in the thesis has been used in any other submission for

an academic award and is solely my own work.

No proof-reading service was used in the compilation of this thesis.

Signature of Candidate: EAS

Print name: Ebrahim Mohammed Obaid Subait Alshemeili



Page |3

Abstract

This study investigates the financial viability of establishing a solar panel recycling
industry in the United Arab Emirates (UAE). As the UAE pursues its Energy Strategy
2050 to achieve 50% clean energy, the rapid deployment of photovoltaic (PV) systems
has created an emerging end-of-life waste challenge. This research aims to assess the
economic, environmental, and regulatory factors influencing the feasibility of a local

recycling infrastructure.

Utilizing a qualitative business case study approach, the study analyzes perspectives
from 12 key stakeholders across government, industry, and academia through semi-
structured interviews and document analysis. Findings reveal that while material
recovery of silver and silicon offers revenue potential, high initial capital costs and a lack
of specific regulatory frameworks (such as EPR) currently hinder financial viability. The
study contributes a region-specific financial roadmap for the MENA region and proposes
a methodological framework for assessing circularity in emerging markets.
Recommendations include the implementation of government subsidies and public-

private partnerships to bridge the viability gap.
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CHAPTER ONE: INTRODUCTION

1.1 Background of the study

The United Arab Emirates (UAE) is a leading nation in the Gulf region, known for its rapid
economic development and high energy consumption (Shadab, 2023). It ranks sixth globally in
energy consumption per capita, driven largely by its oil and gas wealth (Al-mulali & Che Sab,
2018). The country’s energy demand is fuelled by its thriving industrial sector, expansive urban
development, and significant air conditioning needs due to its harsh climate (Enerdata, 2023).
Recognizing the unsustainable nature of relying solely on fossil fuels, the UAE has embarked on
an ambitious path toward diversifying its energy sources, with a strong emphasis on renewable
energy (Alnagbi & Alami, 2023).

Renewable energy is seen as a vital component in the UAE’s long-term energy strategy
(Salimi et al., 2022). The nation’s Vision 2021 and Energy Strategy 2050 aim to increase the
share of clean energy to 50% by mid-century, reducing the reliance on natural gas and oil
(Hummieda et al., 2023). Solar energy, in particular, plays a crucial role in this transition due to
the UAE's abundant sunlight. The strategic focus on solar energy is designed to reduce
greenhouse gas emissions, enhance energy security, and create sustainable economic growth
(Ramachandran et al., 2022).

Solar energy has emerged as a cornerstone of the UAE’s renewable energy initiatives.
The country has invested heavily in solar power projects, including the world-renowned
Mohammed bin Rashid Al Maktoum Solar Park in Dubai, which is set to become one of the largest
solar parks globally with a planned capacity of 5,000 MW by 2030 (MBRSIC, 2024). Besides, the
Noor Abu Dhabi project is one of the largest standalone solar plants in the world, contributing
significantly to the country’s renewable energy capacity (noorabudhabi, 2024). The adoption of
solar energy in the UAE is driven by several factors. Firstly, the geographic location provides high
solar insolation, making solar power an efficient and cost-effective energy source. Secondly, the
declining costs of photovoltaic (PV) technology have made solar energy increasingly competitive
with traditional fossil fuels. Finally, solar energy aligns with the UAE's sustainability goals,
supporting its commitments under the Paris Agreement to reduce carbon emissions and combat

climate change (uae-embassy, 2024).
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With the rapid adoption of solar energy, the UAE has seen a significant increase in the
installation of solar panels across residential, commercial, and industrial sectors. However, this
surge in solar installations brings with it the challenge of managing solar panel waste. Solar panels
typically have a lifespan of 20 to 25 years, and as the first generation of panels reaches the end

of its lifecycle, the issue of solar panel waste management becomes increasingly pertinent.

Currently, the UAE lacks a comprehensive framework for the disposal and recycling of
end-of-life solar panels (Researchandmarkets, 2023). Most panels are either stored, awaiting
future disposal solutions, or risk being sent to landfills, contributing to environmental degradation.
The absence of a robust recycling infrastructure not only poses environmental risks but also
results in the loss of valuable materials that could be recovered and reused
(Researchandmarkets, 2023).

The improper disposal of solar panels can have significant environmental implications
(Rabaia et al., 2021). Solar panels contain hazardous materials such as lead, cadmium, and other
toxic elements that can leach into the soil and groundwater if not properly managed. Additionally,
the sheer volume of solar panel waste can contribute to the growing problem of electronic waste,

which is already a significant environmental concern globally (Tawalbeh et al., 2021).

On the economic front, the recycling of solar panels presents both challenges and
opportunities. Establishing a solar panel recycling industry involves significant upfront
investments in technology and infrastructure. However, the potential economic benefits are
substantial. Recycling can recover valuable materials like silicon, silver, and aluminium, reducing
the need for raw material extraction and lowering the environmental footprint of new solar panel
production (Chowdhury et al., 2020). Moreover, a well-developed recycling industry can create
jobs and stimulate economic activity, contributing to the broader goals of economic diversification
and sustainability (Obaideen et al., 2021).

Recycling solar panels can also support the circular economy, where waste materials are
reintroduced into the production cycle, reducing the demand for new resources and minimizing
waste (Gautam et al., 2021). This approach not only aligns with global sustainability goals but

also enhances the UAE’s reputation as a leader in innovative and sustainable practices.
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1.2 Statement of the Research Problem

The rapid expansion of solar energy in the United Arab Emirates (UAE) has led to a
significant increase in the installation of photovoltaic (PV) panels. While this growth supports the
country's renewable energy goals, it also presents a new challenge: the management of solar
panel waste (Nazar et al., 2024). As solar panels reach the end of their lifecycle, the UAE faces
the issue of handling and disposing of large quantities of waste. Recycling solar panels involves
several stages, including collection, transportation, and processing of the waste materials. The
financial viability of this process is uncertain and depends on various factors such as the costs
associated with recycling technologies, the market value of recovered materials, and the
economic benefits compared to the expenses (Chowdhury et al., 2020). This study aims to
explore these factors comprehensively to determine whether establishing a solar panel recycling

industry in the UAE is economically feasible.

Focusing on the financial viability of recycling solar panel waste is crucial for several
reasons. Firstly, the high costs of recycling infrastructure and technology pose a significant barrier
to the development of a sustainable recycling industry. Without a clear understanding of the
economic implications, investments in recycling facilities may be perceived as risky or
unprofitable. Secondly, the market for recovered materials plays a pivotal role in the economic
viability of recycling. Materials such as silicon, silver, and aluminium recovered from recycled
panels have significant market value. However, the fluctuations in market prices and demand can
impact the profitability of recycling operations. By analysing current market trends and future
projections, this research will assess the stability and potential profitability of the recycling market
in the UAE. Thirdly, understanding the financial aspects of recycling is essential for developing
effective policies and incentives. Governments can use this information to create supportive
frameworks that encourage investment in recycling infrastructure, such as subsidies, tax
incentives, or regulatory measures. These policies can help mitigate initial costs and make

recycling projects more attractive to private investors.

1.3 Significance of the Research

The UAE has set ambitious sustainability goals, aiming to increase the share of clean
energy and reduce its carbon footprint. The UAE Vision 2021 (UAE, 2024b) and Energy Strategy
2050 (UAE, 2024c) outline the country's commitment to sustainable development and
environmental conservation. Achieving these goals requires not only the adoption of renewable

energy sources but also the development of sustainable practices for managing associated waste.
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Solar panel recycling aligns with the UAE's sustainability objectives by promoting the
circular economy, where waste materials are reused and reintroduced into the production cycle.
This approach reduces the need for new raw materials, conserves natural resources, and
minimizes environmental impact. By establishing a viable recycling industry, the UAE can
enhance its resource efficiency and support the global shift towards sustainable energy practices.
Moreover, the successful implementation of solar panel recycling can serve as a model for other
countries in the region and beyond. As a leader in renewable energy, the UAE's adoption of
innovative recycling solutions can influence regional and global sustainability efforts. The insights
gained from this research can inform best practices and policy frameworks, contributing to the

broader goal of environmental sustainability.

1.4 Research Aims

The research aims to assess the financial viability of recycling solar panel waste in the
UAE, evaluating current practices, infrastructure, and policies. It seeks to analyse the
environmental and economic benefits, and determine the feasibility of establishing a recycling

facility, including financial investments, revenue potential, and key challenges.

1.5 Research Objectives

The following specific objective will be crucial towards attaining the above aims:

1. To investigate the current status of recycling waste from solar panels in the UAE.

2. To analyse the environmental and economic benefits of recycling waste from solar panels
in the UAE.

3. To assess the financial implications of building a recycling waste factory for solar panels in
the UAE.

4. To identify the challenges and opportunities of establishing a recycling waste factory for
solar panels in the UAE.

1.6 Research questions
The following research questions will be vital towards meeting the objectives of the study.

1. What is the current status of recycling waste from solar panels in the UAE?
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2. What are the environmental and economic benefits of recycling waste from solar panels
in the UAE?

3. What are the financial implications of building a recycling waste factory for solar panels in
the UAE?

4. What are the challenges and opportunities of establishing a recycling waste factory for

solar panels in the UAE?

1.7 Rationale and Justification

The rapid adoption of solar energy in the United Arab Emirates (UAE) underscores the
nation's commitment to renewable energy and environmental sustainability. As part of its Vision
2021 and Energy Strategy 2050, the UAE aims to significantly increase its share of clean energy,
reducing reliance on fossil fuels and mitigating climate change. However, this transition brings
about the challenge of managing solar panel waste. Solar panels, with a typical lifespan of 20 to

25 years, will eventually require disposal or recycling (Artas et al., 2023).

The rationale for this study is to investigate the financial viability of recycling solar panel waste in
the UAE, a crucial step towards sustainable waste management and resource conservation.
Recycling solar panels presents a dual opportunity: it mitigates environmental hazards associated
with improper disposal and recovers valuable materials that can be reused in new panels, thus
supporting the circular economy (Preet & Smith, 2024). However, the financial implications of
establishing a recycling industry are complex and require thorough investigation. In this context,
it is important to conduct a comprehensive analysis of the costs and benefits associated with solar

panel recycling to gain insights that can guide policy decisions and investments in the UAE.

This research will contribute to the theoretical framework of sustainable waste
management and the circular economy. By integrating financial analysis with environmental
benefits, the study will provide a holistic understanding of solar panel recycling. It will enhance
theoretical models that link economic viability with sustainability practices, offering a
comprehensive approach to resource management in the renewable energy sector. The findings
of this research will have significant policy implications. They will provide evidence-based
recommendations for policymakers in the UAE to develop supportive frameworks for solar panel

recycling. This includes potential subsidies, tax incentives, and regulatory measures that can
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lower the financial barriers to establishing recycling facilities. Such policies can accelerate the
development of a recycling industry, contributing to the UAE's sustainability goals and
environmental conservation efforts. For businesses and industry stakeholders, this research
offers practical insights into the economic feasibility of solar panel recycling. It will outline the cost
structures, potential revenue streams, and market opportunities, enabling businesses to make
informed investment decisions. Additionally, it will highlight best practices in recycling technology
and operations, helping companies optimize their processes for maximum efficiency and

profitability.

The selection of the UAE as the focal point of this study is justified by its unique position
as a "first-mover" in regional solar adoption that simultaneously lacks a "first-mover" policy for
waste management. While nations like Germany have established recycling frameworks, the UAE
provides a critical case study for an arid, rapidly developing economy where extreme climatic
conditions may accelerate panel degradation, thus necessitating an earlier-than-expected
recycling solution. This research fills a geographical gap in the literature, where most financial
models for PV recycling are based on European or North American market dynamics, which do

not account for the UAE's specific logistics, energy costs, and labour market.

1.8 Importance of the Study

The study provides critical data that can help policymakers design effective waste
management strategies and create a regulatory environment conducive to recycling. By
understanding the financial dynamics, policymakers can implement measures that make recycling

economically viable and attractive to investors and businesses.

For companies involved in the solar energy sector, this research offers valuable insights
into the potential for diversification into recycling operations. It identifies financial opportunities
and challenges, enabling businesses to assess the viability of investing in recycling facilities.
Furthermore, businesses can leverage the study's findings to adopt sustainable practices that

align with global trends and consumer expectations.

This research is also crucial for environmental organizations advocating for sustainable
waste management and resource conservation. By providing a detailed analysis of the
environmental and economic benefits of solar panel recycling, the study supports advocacy efforts

and promotes awareness about the importance of recycling in achieving sustainability goals.
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1.9 Methodology Overview

The research employs a qualitative business case study design to evaluate the financial
viability of recycling solar panel waste in the UAE, enabling an in-depth analysis of economic,
environmental, and operational factors within its distinct regulatory and economic context (Rashid
etal., 2019). A subjectivist philosophical approach underpins the study, focusing on the subjective
experiences of stakeholders - government officials, industry experts, and environmental
advocates - crucial for understanding the complex challenges of solar panel recycling (Friedman
& Wyatt, 2006).

Data collection comprises in-depth qualitative interviews with key stakeholders and case
studies of recycling initiatives in the UAE and comparable regions. Purposive sampling targets
participants with expertise in the UAE’s solar energy and waste management sectors, ensuring
relevant and insightful data (Tongco, 2007). The UAE was selected as the primary location due
to its leadership in solar energy adoption, exemplified by the Mohammed bin Rashid Al Maktoum
Solar Park, and its ambitious sustainability goals (Vision 2021, Energy Strategy 2050). This
context highlights an emerging solar panel waste challenge, unlike Saudi Arabia’s slower
renewable transition or Germany’s established recycling infrastructure, addressing a gap in

region-specific research.

Thematic analysis, following Braun and Clarke’s (2012) systematic process (data
familiarization, coding, theme development, and review), identifies patterns and themes, yielding
actionable recommendations for policy and practice in the UAE’s solar recycling sector. While this
study adopts a qualitative approach to capture nuanced stakeholder perspectives, triangulation
with quantitative data, such as cost-benefit analyses of recycling operations or surveys assessing

industry satisfaction with recycling policies, could enhance the robustness of findings.

1.10 Scope of the Research

The scope of this study encompasses the financial viability of recycling solar panel waste
in the United Arab Emirates (UAE). It aims to provide a comprehensive analysis of the economic,
environmental, and operational factors that influence the feasibility of establishing a solar panel
recycling industry in the region. The study covers several areas: an examination of the existing
practices, infrastructure, and policies related to solar panel recycling in the UAE; an analysis of
the potential benefits of recycling, including waste reduction, resource conservation, and

economic returns; a detailed assessment of the costs involved in setting up and operating
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recycling facilities and the potential revenue from recovered materials; identification of the key
barriers and opportunities that could impact the development of a recycling industry; and practical
recommendations for policymakers, businesses, and other stakeholders to enhance the financial

viability of recycling initiatives.

1.11 Limitations of the Research

While this study aims to provide a thorough analysis, several potential limitations need to
be acknowledged. Access to detailed financial data and operational specifics from existing
recycling initiatives may be limited, so the study will rely on a combination of primary data from
interviews and secondary data from existing literature and case studies. The findings may be
specific to the UAE context and may not be directly applicable to other regions; however, the
insights gained can still provide valuable lessons and best practices that could be adapted to
different contexts. The willingness and availability of key stakeholders to participate in interviews
may pose a challenge, which will be mitigated by employing a robust engagement strategy,
ensuring clear communication of the study's purpose and potential benefits to encourage

participation.

Several assumptions underpin this research, which are necessary to facilitate the analysis.
The study assumes relative stability in the market prices for recovered materials, such as silicon,
silver, and aluminium, recognizing that significant fluctuations could impact the financial viability
of recycling operations. It is assumed that the current recycling technologies are capable of
efficiently processing solar panel waste and recovering valuable materials, though any
advancements or setbacks in technology could affect the outcomes. The research assumes that
the UAE government will continue to support renewable energy and sustainable waste
management practices through favourable policies and incentives. Additionally, the study
presumes stable economic conditions in the UAE, which would support the establishment and
growth of a recycling industry, acknowledging that major economic disruptions could alter the
feasibility and attractiveness of recycling investments. By acknowledging and addressing these
limitations and assumptions, the research aims to provide a realistic and practical analysis of the
financial viability of solar panel recycling in the UAE, contributing valuable insights for

stakeholders involved in this emerging sector.
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1.12 Structure of the Study

This thesis is structured into six main chapters, each contributing to a comprehensive
understanding of the financial viability of solar panel recycling in the UAE. Chapter 1 introduces
the research by providing a detailed background on the UAE’s energy landscape and the
emerging challenge of solar panel waste management. It outlines the aims and objectives of the
study, focusing on assessing the economic, environmental, and operational aspects of solar panel
recycling, while defining the scope and limitations including challenges such as data availability
and the evolving nature of recycling technologies in the region. Chapter 2 reviews existing
literature on solar panel waste management, recycling technologies, financial viability and
identifying key themes and gaps to provide a theoretical context for the study. Chapter 3 details
the research design, justifying the qualitative business case study approach, and describes data
collection methods (qualitative interviews and case studies), sampling strategy, and thematic
analysis techniques. Chapter 4 presents the findings from the qualitative interviews and case
studies, analysing the financial, environmental, and operational aspects of solar panel recycling,
and discusses key themes and their implications for the UAE's recycling industry. Chapter 5
provides an in-depth analysis of the findings, exploring themes of economic viability, policy
influences, and technological challenges, and discusses their implications for policy and practice
within the UAE’s unique context. Chapter 6 concludes the study by summarizing key findings,
outlining theoretical, practical, and methodological contributions, and offering actionable
recommendations for policymakers, industry stakeholders, and research institutions. It also
addresses the study’s limitations and suggests directions for future research to advance solar

panel recycling in the UAE.

1.13 Chapter Summary

The Introduction chapter establishes the foundation for the study on the financial viability
of recycling solar panel waste in the UAE. It begins with an exploration of the UAE's energy
consumption patterns and its commitment to renewable energy, particularly solar power. The
chapter highlights the increasing challenge of managing solar panel waste as installations grow
and panels reach the end of their lifecycle. The research problem is clearly stated, focusing on
the economic feasibility of establishing a solar panel recycling industry. The chapter also outlines
the research aims and objectives, emphasizing the importance of this study for policymakers,

businesses, and environmental organizations. The rationale and justification section discusses
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the gap in existing literature and the potential contributions of the research, while the theoretical
framework integrates concepts from sustainable waste management, circular economy, financial
viability, resource-based view, and stakeholder theory. The methodology overview describes the
research design, data collection methods, and analysis techniques. Finally, the scope and

limitations section address the boundaries and potential challenges of the study.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

This Literature Review chapter serves as a critical foundation for understanding the
context and significance of the research (Ridley, 2012). This chapter aims to provide a
comprehensive examination of existing literature relevant to solar energy adoption, the
environmental challenges posed by solar panel waste, the technologies available for recycling,
and the economic implications of these processes. By critically analysing previous studies and
identifying gaps in the current knowledge, this chapter will establish the basis for the research's
objectives, ensuring that the study is grounded in a thorough understanding of the relevant issues
(Paré & Kitsiou, 2017).

The relevance of the literature review to the research aims cannot be overstated. In the
context of assessing the financial viability of recycling solar panels in the UAE, it is essential to
explore the broader context in which this issue exists. The literature review will explore the UAE's
rapid adoption of solar energy, driven by both environmental imperatives and government policies
aimed at reducing reliance on fossil fuels. As the country increases its solar energy capacity, the
issue of solar panel waste management becomes more pressing. Understanding the lifecycle of
solar panels, the environmental impact of their disposal, and the technologies available for
recycling are all crucial to evaluating whether a recycling industry can be economically feasible in
the UAE.

Moreover, the literature review will explore the economic aspects of solar panel recycling,
including the potential market value of recovered materials and the cost-effectiveness of different
recycling technologies. This analysis is directly linked to the research objectives, as it will provide
insights into the financial benefits and challenges associated with establishing a recycling
industry. By examining case studies from other regions, the review will also highlight successful

models and strategies that could be adapted to the UAE's unique context.

The structure of this chapter is designed to systematically build the reader's understanding
of the topic, starting with a discussion of the UAE's solar energy landscape and the growing
challenge of solar panel waste. It will then explore the technologies available for recycling and
their respective economic and environmental efficiencies. Following this, the chapter will assess
the financial viability of recycling, drawing on both theoretical analyses and practical case studies.
The chapter will conclude with an identification of gaps in the existing literature, setting the stage

for the research presented in this thesis.
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The relevance of the circular economy and sustainability in the context of solar panel
recycling will also be a key focus of the literature review. The circular economy framework
emphasizes the importance of keeping materials in use for as long as possible, thereby reducing
waste and conserving resources. Recycling solar panels aligns with this concept by reintroducing
valuable materials into the production cycle, thus minimizing the need for new raw materials and
reducing environmental degradation. The literature review will explore how integrating solar panel
recycling into the UAE's broader sustainability strategies could contribute to the country's long-

term environmental and economic goals.

Finally, the literature review will identify gaps in the existing research, particularly in
relation to the UAE's unique context. While there is extensive literature on solar panel recycling
in other regions, there is a notable lack of studies focused on the Middle East, and specifically the
UAE. This gap presents an opportunity for the current research to make a significant contribution
to the field by providing insights that are directly applicable to the UAE's economic and
environmental landscape. The chapter will conclude by highlighting the areas where further

research is needed and how this study aims to address these gaps.

Through this comprehensive review of existing literature, this chapter will not only provide
the necessary background for the research but also highlight the importance of the study within
the broader context of renewable energy and sustainability. By situating the research within the
current academic discourse, the literature review will demonstrate the originality and relevance of
the study, thereby justifying its contribution to both theory and practice in the field of sustainable

waste management.
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2.2 Theoretical Framework

This study is explicitly grounded in established theoretical frameworks that collectively
explain the economic, environmental, and institutional dynamics of photovoltaic (PV) recycling
(D’Adamo et al., 2017; Goénen & Kaplanoglu, 2019). The theoretical framework is designed to
support the research aim of assessing the financial viability of PV recycling in the UAE by linking
economic decision-making, circular resource flows, regulatory structures, and sustainability
investment behaviour. Rather than offering descriptive explanations of concepts, the framework
critically evaluates the theories employed, clarifies their assumptions and limitations, and justifies
their relevance to PV recycling within a circular economy and environmental economics context.
The study integrates Circular Economy theory, Environmental Economics, the Resource-Based
View, Institutional Theory, and Sustainability Investment Theory to explain why PV recycling is
environmentally necessary, under what conditions it becomes financially viable, and how policy,

markets, and firm-level capabilities influence investment decisions.

Circular Economy (CE) theory challenges the linear “take—make—dispose” economic model by
advocating closed-loop systems that retain materials within productive use for as long as possible
(Geissdoerfer et al., 2017; Negrei & Istudor, 2018). In the context of PV recycling, CE theory
provides a foundational rationale for treating end-of-life solar panels as secondary resource
stocks rather than waste. Empirical studies demonstrate that CE-based recycling systems reduce
material dependency risks and improve long-term resource security, particularly for critical raw
materials used in renewable technologies (D’Adamo et al., 2023; Mahmoudi et al., 2021).
However, a key limitation of CE theory is its tendency to underplay economic constraints. While
circular models promote recycling normatively, they often assume favourable market conditions
and do not fully account for high capital costs, technological barriers, and immature secondary
material markets, all of which are central challenges for PV recycling in emerging economies such
as the UAE. Consequently, while CE theory provides strong environmental and strategic

justification, it is insufficient on its own to explain financial feasibility.
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Environmental economics provides a critical lens for analysing PV recycling by addressing market
failures associated with environmental externalities (Pigou, 1932; Chowdhury et al., 2020).
Improper disposal of PV panels generates negative externalities, including soil contamination,
hazardous waste leakage, and long-term remediation costs that are not reflected in market prices.
Empirical evidence indicates that recycling becomes financially viable primarily when such
external costs are internalised through regulatory instruments such as extended producer
responsibility schemes, landfill restrictions, or targeted subsidies (D’Adamo et al., 2017; Altassan,
2023). However, traditional environmental economic models assume rational market behaviour
and effective policy enforcement, conditions that may not fully apply in regions with evolving
regulatory frameworks. In the UAE, where PV waste regulation is still developing, price signals
alone may be insufficient to stimulate private investment, highlighting the need to consider

institutional and policy factors alongside economic incentives.

The Resource-Based View (RBV) explains how firms achieve competitive advantage through
valuable, rare, inimitable, and non-substitutable resources (Barney, 1991; Taher, 2012). Applied
to PV recycling, RBV emphasises the importance of technological capability, operational
efficiency, and process integration in determining firm-level profitability. Empirical studies show
that firms possessing proprietary recycling technologies, economies of scale, and vertical
integration across the PV value chain achieve superior cost recovery and financial performance
(Xu et al., 2018; D’Adamo et al., 2023). Nevertheless, RBV is limited by its inward-looking focus,
as it largely overlooks external constraints such as regulatory uncertainty, policy support, and
market demand. As a result, RBV alone cannot explain sector-wide adoption of PV recycling and

must be complemented by institutional perspectives.

Institutional theory emphasises the role of regulatory, normative, and cognitive structures in
shaping organisational behaviour (Scott, 2014; Khawaja et al., 2021). In the context of PV
recycling, institutional pressures such as waste legislation, environmental standards, and national
sustainability agendas significantly influence investment decisions. Empirical evidence from
Europe and East Asia demonstrates that mandatory recycling frameworks create stable waste
flows and guaranteed demand for recycling services, thereby improving economic feasibility (Xu
et al., 2018; HSE, 2024). However, institutional theory does not explicitly address cost structures
or profitability, limiting its ability to explain financial outcomes in isolation. Its value in this study
lies in explaining why PV recycling emerges in some jurisdictions but not others, particularly when

regulatory support is absent or weak.
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Sustainability investment theory further complements the framework by explaining how
environmental, social, and governance (ESG) considerations influence capital allocation and
long-term project appraisal (Eccles et al., 2014; D’Adamo et al., 2023). Recycling infrastructure is
increasingly assessed not only on short-term profitability but also on its alignment with national
sustainability strategies and green finance objectives. This perspective is especially relevant in
the UAE, where sovereign investment funds, public—private partnerships, and ESG-driven
financing play a significant role in infrastructure development. However, sustainability-oriented
investment may prioritise reputational or policy alignment over strict financial returns, potentially

obscuring weak underlying economics if not carefully evaluated.

Empirical literature on PV recycling predominantly employs techno-economic assessments, life-
cycle cost analysis, cost—benefit analysis, and scenario modelling, with most studies adopting
quantitative approaches (Goénen & Kaplanoglu, 2019; Yu et al., 2022). Across these studies,
financial viability is consistently influenced by the scale of waste volumes, recycling technology
efficiency, market value of recovered materials, labour and energy costs, and regulatory
incentives (D’Adamo et al., 2017; Bajagain et al., 2020; Daniela-Abigail et al., 2022). The literature
also identifies persistent challenges, including high upfront capital costs, technological immaturity,
limited secondary material markets, and regulatory uncertainty. Notably, empirical literature on
PV recycling in the MENA region remains scarce, with most research focused on Europe, East
Asia, and North America (Mahmoudi et al., 2021; Alnagbi & Alami, 2023). Existing studies
highlight regulatory gaps, the absence of extended producer responsibility frameworks, and
underdeveloped recycling infrastructure, despite rapid solar deployment in countries such as the
UAE.

Rather than treating empirical studies in isolation, the literature indicates that financial viability
emerges from the interaction of economic, regulatory, technological, and environmental factors.
Policy support and technological efficiency jointly determine financial outcomes, while market
conditions and firm capabilities mediate performance. Based on this synthesis, the conceptual
framework developed in this study links regulatory frameworks, technological capability, market
conditions, and environmental externalities as key determinants influencing the financial viability
of PV recycling, with circular economy principles and sustainability investment considerations

acting as moderating forces (D’Adamo et al., 2017; Scott, 2014; Geissdoerfer et al., 2017).

2.3 Solar Energy Adoption and Growth in the UAE
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2.3.1 Historical Overview of Solar Energy Development in the UAE
The United Arab Emirates (UAE) has undergone a remarkable transformation in its energy

sector over the past few decades, with solar energy emerging as a central pillar of its sustainable
development strategy (Salimi et al., 2022). Historically, the UAE’'s economy and energy
infrastructure were almost entirely reliant on its abundant oil and gas reserves (Shadab, 2019).
This dependency not only fuelled rapid economic growth but also positioned the UAE as one of
the world’s leading energy exporters (Arnaut & Dada, 2023). However, as global awareness of
climate change grew and the international community began pushing for reductions in carbon
emissions, the UAE recognized the need to diversify its energy sources and invest in renewable

energy technologies.

The development of solar energy in the UAE began in earnest in the early 2000s, driven
by a combination of economic, environmental, and strategic considerations (Pryiatelchuk &
Amirabbas, 2021). One of the earliest milestones in this journey was the establishment of the
Masdar Initiative in 2006. Masdar, a government-backed renewable energy company based in
Abu Dhabi, was created to spearhead the UAE’s efforts to become a leader in clean energy. The
Masdar Initiative marked the beginning of large-scale investment in solar energy, research, and

development, setting the stage for the country’s future projects (Rietmann, 2021).

The first major solar project in the UAE was the Shams 1 solar power plant, which became
operational in 2013. Located in the Western Region of Abu Dhabi, Shams 1 is one of the world’s
largest concentrated solar powers (CSP) plants, with a capacity of 100 megawatts (MW). This
project was significant not only because of its scale but also because it demonstrated the UAE’s
commitment to harnessing its natural solar resources to meet its energy needs. Shams 1 was
followed by several other significant projects, including the Noor Abu Dhabi solar plant, which
became the world’s largest single-site solar project upon its completion in 2019, with a capacity
of 1,177 MW (Nanath et al., 2022).

The Dubai Clean Energy Strategy 2050, launched in 2015, further accelerated the
development of solar energy in the UAE (emirates247, 2015). This strategy set ambitious targets
for clean energy, aiming for 7% of Dubai’s total power output to come from clean energy sources
by 2020, 25% by 2030, and 75% by 2050. Central to this strategy is the Mohammed bin Rashid
Al Maktoum Solar Park, which is set to become the largest single-site solar park in the world with
a planned capacity of 5,000 MW by 2030. The solar park, which began operations in 2013, has

been developed in phases, each incorporating the latest advancements in photovoltaic (PV) and
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CSP technologies (emirates247, 2015). In addition to these large-scale projects, the UAE has
also invested in decentralized solar energy solutions, such as rooftop solar installations, as part
of its efforts to promote sustainable urban development. The Shams Dubai initiative, launched by
the Dubai Electricity and Water Authority (DEWA) in 2015, encourages residential and
commercial buildings to install PV panels on their rooftops and connect them to the grid (Hamdi
& Tonoyan, 2024). This initiative reflects the UAE’s broader approach to integrating solar energy

into everyday life and reducing the country’s carbon footprint.

The UAE’s historical journey in solar energy development is a testament to the country’s
forward-thinking approach to energy sustainability (Alnagbi & Alami, 2023). From its initial reliance
on oil and gas to becoming a regional leader in solar power, the UAE has laid a strong foundation
for its renewable energy future. The continuous support from the government, combined with
strategic investments in technology and infrastructure, has positioned the UAE as a global
example of how a resource-rich nation can pivot towards a more sustainable and diversified

energy portfolio.

2.3.2 Current Status and Future Projections for Solar Energy
The United Arab Emirates (UAE) stands as a leading nation in the adoption and

implementation of solar energy within the Middle East and North Africa (MENA) region (Shah,
2023). The country has made remarkable progress in transitioning from its traditional reliance on
fossil fuels to embracing renewable energy, with solar power being a central focus. The UAE’s
commitment to sustainability is reflected in its substantial investments in large-scale solar
projects, robust policy frameworks, and the increasing share of solar energy in its overall energy

mix.

The current status of solar energy in the UAE is characterized by several landmark
projects that have not only set records but also significantly contributed to the nation’s energy
capacity. The Mohammed bin Rashid Al Maktoum Solar Park in Dubai is the crown jewel of the
UAE’s solar initiatives. Operational since 2013, the park currently has a capacity of over 1,000
megawatts (MW) and is planned to expand to 5,000 MW by 2030. This project alone is expected
to supply clean energy to over 800,000 homes and reduce carbon emissions by approximately
6.5 million tons annually once fully operational (MBRSIC, 2024). Similarly, the Noor Abu Dhabi
solar plant, with its capacity of 1,177 MW, has further solidified the UAE’s position as a global

leader in solar energy production (noorabudhabi, 2024). These projects are complemented by
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numerous smaller-scale solar initiatives, including rooftop solar installations encouraged by

programs like Shams Dubai.

The success of these projects underscores the effectiveness of the UAE’s strategic vision
and policy initiatives aimed at fostering renewable energy. The UAE Energy Strategy 2050, which
targets a 50% share of clean energy in the country’s energy mix by 2050, is a cornerstone of
these efforts (UAE, 2024c). Currently, solar energy accounts for approximately 6% of the UAE’s
total energy production, a figure that is expected to increase significantly in the coming years as

more projects come online and existing ones are expanded (Kapoor, 2024).

The future projections for solar energy in the UAE are ambitious and promising. The
government’'s commitment to expanding renewable energy capacity is expected to drive
continued growth in the sector. By 2030, the UAE aims to have 44 % of its energy mix comprised
of renewable sources, with solar energy playing a leading role (EIU, 2023). The Mohammed bin
Rashid Al Maktoum Solar Park will be pivotal in achieving this target, alongside new projects
currently under planning or construction (MBRSIC, 2024). These include the Al Dhafra Solar
Project in Abu Dhabi, which is set to be one of the world’s largest solar PV plants with a capacity
of 2,000 MW.

In addition to expanding capacity, the UAE is also investing in cutting-edge solar
technologies and research to improve efficiency and reduce costs. Innovations such as bifacial
solar panels, which can capture sunlight on both sides, and energy storage solutions are being
explored to enhance the performance and reliability of solar power. Moreover, the UAE is
increasingly looking at opportunities for exporting solar energy, both regionally and globally, which

could position the country as a major player in the global renewable energy market.

The trajectory of solar energy development in the UAE indicates a strong and growing
commitment to renewable energy. With continued investment, policy support, and technological
innovation, the UAE is well on its way to becoming a global leader in solar energy, contributing
significantly to both its domestic energy needs and the broader global effort to combat climate
change. The ongoing expansion and future projects will not only help meet the UAE’s

sustainability goals but also serve as a model for other nations in the region and beyond.

2.3.3 Government Policies and Initiatives Promoting Solar Energy
The United Arab Emirates (UAE) has strategically positioned itself as a global leader in

the adoption and promotion of renewable energy, particularly solar power, through a
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comprehensive framework of government policies and initiatives (Rietmann, 2021). These
measures are designed to support the UAE’s broader goals of energy diversification,
sustainability, and economic resilience, as articulated in its national strategies such as the UAE
Vision 2021 and the UAE Energy Strategy 2050.

Central to the UAE's renewable energy drive is the UAE Energy Strategy 2050which aims
to diversify the country’s energy mix to include 50% clean energy by 2050 (UAE, 2024c). Within
this target, solar energy plays a critical role. The strategy outlines a clear roadmap for reducing
the UAE’s dependency on fossil fuels while significantly expanding the share of renewable
energy, particularly solar, in the national energy portfolio. By 2050, the UAE aims to achieve a
mix of 44% clean energy, 38% gas, 12% clean coal, and 6% nuclear energy, with solar energy

expected to contribute a substantial portion of the clean energy mix (UAE, 2024c).

The Dubai Clean Energy Strategy 2050 is another key initiative that underscores the
UAE's commitment to renewable energy (Al Nagbi et al., 2019). Launched by the Dubai
government, this strategy sets ambitious targets for the emirate to produce 75% of its energy from
clean sources by 2050. The Mohammed bin Rashid Al Maktoum Solar Park is the flagship project
under this strategy, symbolizing Dubai's dedication to becoming a global hub for green economy.
The strategy also includes the establishment of the Dubai Green Fund, worth AED 100 billion,
which provides financial support for clean energy projects, further incentivizing investment in the

renewable sector (Al Nagbi et al., 2019).

To encourage widespread adoption of solar energy, the UAE government has also
introduced various regulatory measures and incentives. One significant policy is the net metering
regulation, particularly under the Shams Dubai initiative, which allows residential and commercial
building owners to install photovoltaic (PV) panels on their rooftops and connect them to the grid.
This program enables consumers to generate their own electricity and sell excess power back to
the grid, thus reducing their energy costs while contributing to the overall energy supply. Shams
Dubai has been instrumental in promoting decentralized solar energy production and fostering a

culture of sustainability among residents and businesses.

The UAE government has also been proactive in fostering public-private partnerships
(PPPs) to accelerate the deployment of solar projects (Kelly, 2021). These partnerships have
been crucial in the development of large-scale projects like the Mohammed bin Rashid Al

Maktoum Solar Park and the Noor Abu Dhabi solar plant. By leveraging private sector expertise
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and capital, the government has been able to rapidly expand the country's solar capacity while
minimizing public expenditure. These PPPs also serve to attract international investment and

technology, positioning the UAE as a leading destination for renewable energy innovation.

Moreover, the UAE has established several research and development (R&D) initiatives
aimed at advancing solar technology and improving energy efficiency. Institutions such as Masdar
Institute and the Research Centre for Renewable Energy Mapping and Assessment play a vital
role in these efforts (Farag & Bansal, 2023). These research centres focus on developing new
solar technologies, improving the efficiency of existing systems, and conducting critical
assessments of solar energy potential across the UAE. The government’s support for R&D is
crucial for driving innovation in the solar sector and ensuring that the UAE remains at the forefront

of global renewable energy advancements.

2.3.4 Challenges and Opportunities in the UAE's Solar Energy Sector
The United Arab Emirates (UAE) has made significant strides in the adoption and

expansion of solar energy, positioning itself as a regional leader in renewable energy. However,
as the country continues to scale up its solar energy infrastructure, it faces several challenges
that must be addressed to ensure the long-term sustainability and effectiveness of its solar
initiatives. Simultaneously, these challenges present unique opportunities for innovation,

economic growth, and global leadership in the renewable energy sector.

One of the primary challenges in the UAE's solar energy sector is the intermittency of solar
power. Solar energy production is dependent on sunlight, which varies throughout the day and
across different seasons. This variability can lead to fluctuations in energy supply, posing
challenges for grid stability and energy reliability. In a country like the UAE, where temperatures
can soar during the summer months, ensuring a consistent energy supply is critical. To address
this issue, there is a growing need for investment in energy storage technologies, such as
batteries, that can store excess energy generated during peak sunlight hours and release it during
periods of low sunlight. Developing and deploying advanced energy storage solutions will be key

to overcoming the intermittency challenge and ensuring a stable, reliable energy grid.

Another significant challenge is the UAE's harsh desert climate, which, while ideal for solar
energy production, also presents operational and maintenance difficulties. High temperatures,
dust, and sandstorms can reduce the efficiency of solar panels and increase the frequency of
maintenance required. Dust accumulation on solar panels can block sunlight, significantly

reducing their efficiency, and cleaning these panels in a water-scarce region adds another layer
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of complexity. To mitigate these challenges, there is an opportunity to invest in research and
development of dust-resistant materials, self-cleaning technologies, and cooling systems that can

improve the efficiency and durability of solar panels in desert environments.

The rapid expansion of solar energy also brings about the challenge of managing the
waste generated by end-of-life solar panels. As the UAE continues to increase its solar capacity,
the issue of solar panel disposal and recycling will become more pressing. Solar panels have a
typical lifespan of 20 to 25 years, and without proper waste management strategies, the
environmental benefits of solar energy could be undermined by the accumulation of hazardous
waste. However, this challenge also presents an opportunity for the UAE to pioneer new methods
of solar panel recycling and waste management. By developing a comprehensive regulatory
framework and investing in recycling infrastructure, the UAE can turn solar panel waste into a
valuable resource, contributing to the circular economy and further enhancing its sustainability

credentials.

On the opportunities side, the UAE’s strategic location and abundant solar resources
provide significant potential for the country to become a regional hub for solar energy. The UAE
can leverage its expertise in solar technology and infrastructure to export renewable energy to
neighbouring countries, contributing to regional energy security and economic integration.
Additionally, the UAE’s leadership in solar energy can attract international investments and

partnerships, fostering innovation and driving economic growth in the renewable energy sector.

Furthermore, the UAE’s commitment to solar energy offers an opportunity to create jobs
and build a new green economy. As the solar sector grows, so too does the demand for skilled
labour, from engineers and technicians to researchers and policy experts. By investing in
education and training programs focused on renewable energy, the UAE can equip its workforce
with the skills needed to support and sustain the solar energy industry, creating jobs and

contributing to economic diversification.

2.4 Solar Panel Waste: A Growing Environmental Challenge
2.4.1 Overview of Solar Panel Lifecycle and Waste Generation

The solar panel, or photovoltaic (PV) system, has emerged as one of the most critical
technologies in the transition to renewable energy worldwide (Kumar & Singh, 2018). A key
contributor to reducing greenhouse gas emissions and mitigating climate change, solar panels

have seen widespread adoption due to their efficiency in harnessing the sun’s energy and
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converting it into electricity. However, as the global capacity for solar energy continues to expand,
an often-overlooked aspect is the lifecycle of these solar panels and the environmental challenges
posed by their eventual disposal. Understanding the full lifecycle of solar panels, from production
through to decommissioning and waste generation, is essential for addressing the sustainability

challenges posed by solar technology.

The lifecycle of a solar panel typically begins with the extraction and processing of raw
materials, which include silicon, glass, aluminium, copper, and trace amounts of other metals
such as silver and indium. Silicon, a key component, is derived from quartz and undergoes
energy-intensive processes such as purification and crystallization before it can be used in the
production of solar cells. These cells are then assembled into modules, which are encased in
tempered glass and aluminium frames to create the final product - a solar panel. The
manufacturing process, though resource-intensive, has been optimized over time to reduce

material wastage and improve efficiency.

Once installed, solar panels have a relatively long operational lifespan, generally between
20 and 30 years. During this time, they generate clean electricity with minimal maintenance and
no direct emissions, making them a highly attractive option for reducing reliance on fossil fuels
(Yimaz & Sahin, 2023). However, solar panels are not immune to degradation. Over time,
exposure to the elements, temperature fluctuations, and UV radiation can cause gradual wear
and tear on the panels, leading to a decline in efficiency. Most solar panels experience a
degradation rate of approximately 0.5% to 1% per year, meaning that after 25 years of operation,
they may produce around 80-90% of their original output (TEVI et al., 2018).Eventually, solar
panels reach the end of their useful life, either because their efficiency has decreased below an
economically viable level, or because they are replaced by newer, more efficient technologies. At
this point, the issue of waste generation becomes prominent. Solar panel waste is expected to
become a significant environmental challenge in the coming decades, as the first generations of
large-scale installations reach their end of life (Génen & Kaplanoglu, 2019). According to the
International Renewable Energy Agency (IRENA), the cumulative global PV waste volume could
reach 78 million metric tons by 2050, posing a major waste management issue if not properly
addressed (Mahmoudi et al., 2021).

The waste generated by solar panels consists of a variety of materials, some of which are
recyclable, while others present environmental hazards. Solar panels are primarily composed of

glass, aluminium, and silicon, which can theoretically be recycled and reused in new products.
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However, the recycling of solar panels is not a straightforward process. The disassembly and
separation of materials are complicated by the fact that panels are designed to be durable and
resistant to environmental degradation, making them difficult to break down. Furthermore, the
presence of hazardous materials such as lead, cadmium, and other toxic substances in some
types of solar panels raises concerns about potential environmental contamination if these
materials are not properly handled during disposal. Moreover, the economic viability of solar panel
recycling is another significant challenge. The current market for recycled solar panel materials is
relatively small, and the cost of recycling often exceeds the value of the materials recovered. This
has led to a situation where many end-of-life solar panels are either sent to landfills or stockpiled
until more cost-effective recycling solutions are developed. While some countries have
implemented regulations requiring the recycling of solar panels, the global infrastructure for

managing solar panel waste remains underdeveloped.

As the adoption of solar energy continues to accelerate, the issue of solar panel waste
generation will require increasing attention from policymakers, manufacturers, and environmental
organizations. The development of efficient, cost-effective recycling technologies, as well as the
establishment of comprehensive regulatory frameworks for solar panel disposal, will be crucial in
ensuring that the environmental benefits of solar energy are not undermined by the growing
challenge of waste generation. A holistic approach that considers the entire lifecycle of solar
panels, from production to disposal, is essential for the long-term sustainability of solar energy as

a cornerstone of the global renewable energy transition.

2.4.2 Global Trends in Solar Panel Waste Management
Solar panels, while providing clean and renewable energy during their operational

lifetimes, eventually reach the end of their lifecycle and require disposal. With the International
Renewable Energy Agency (IRENA) predicting that global solar panel waste could reach 78
million metric tons by 2050, countries around the world are beginning to grapple with the
complexities of solar panel waste management (IRENA, 2016b). Global trends in addressing this
issue include the implementation of regulatory frameworks, the development of recycling

technologies, and efforts to build sustainable circular economies within the solar industry.

One of the most prominent global trends in solar panel waste management is the growing
implementation of extended producer responsibility (EPR) regulations (Altassan, 2023). These
regulations place the responsibility for the end-of-life management of solar panels on

manufacturers, incentivizing them to design panels that are easier to recycle and to develop take-
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back programmes for their products. The European Union has been at the forefront of
implementing such policies. Under the EU’s Waste Electrical and Electronic Equipment (WEEE)
Directive, solar panel manufacturers are required to ensure that a significant portion of their
panels are collected and recycled when they reach the end of their useful life (HSE, 2024). This
directive has driven the development of a recycling infrastructure in Europe, and several
companies have emerged specializing in the recycling of photovoltaic (PV) panels. European
countries such as Germany, France, and Italy have already established collection and recycling

systems for solar panels, positioning the EU as a leader in solar panel waste management.

Another notable trend in global solar panel waste management is the advancement of
recycling technologies. Solar panel recycling is a complex process, as panels are composed of
multiple materials, including glass, aluminium, silicon, and small amounts of hazardous
substances such as cadmium and lead. The recycling process typically involves separating these
materials so that they can be reused in the production of new solar panels or other products.
Traditional recycling methods have focused on recovering the bulk materials, such as glass and
aluminium, which are relatively easy to extract. However, newer recycling technologies are being
developed that can recover more valuable components, such as silicon and rare metals like silver
and indium. These advancements increase the overall recovery rate and economic viability of
recycling, while reducing the environmental impact of solar panel disposal. Countries like Japan
and South Korea have been particularly proactive in developing advanced solar panel recycling
technologies. In Japan, for example, the government has partnered with academic institutions
and private companies to establish research programs focused on improving the efficiency and
cost-effectiveness of solar panel recycling (Bajagain et al., 2020). In South Korea, efforts have
been made to integrate recycling technologies into the solar energy supply chain, with companies
exploring ways to reuse recovered materials in the production of new panels, thus contributing to

a circular economy within the solar industry (Markets, 2024).

The United States, though a major adopter of solar energy, has lagged behind Europe
and Asia in terms of implementing comprehensive solar panel recycling regulations. However,
there are emerging trends indicating increased attention to solar panel waste management.
Several states, including California and Washington, have introduced legislation that mandates
recycling for end-of-life solar panels. In addition, private sector initiatives are gaining traction, with
companies like First Solar leading the way in voluntary recycling efforts. First Solar, a major
manufacturer of thin-film PV panels, has implemented a global recycling program in which it

recycles nearly 90% of the materials from decommissioned panels (firstsolar, 2024).
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While progress has been made, significant challenges remain in scaling up solar panel
recycling globally. The economics of recycling continue to be a major barrier, as the cost of
recycling often exceeds the value of the materials recovered (Daniela-Abigail et al., 2022). This
is particularly true in regions with limited infrastructure or regulatory support for recycling.
Moreover, as solar panels have a relatively long lifespan, the issue of waste management has
only recently become a priority. However, as the first large-scale installations from the early 2000s
begin to reach the end of their lifecycle, the urgency of developing robust waste management

strategies is becoming increasingly clear.

2.4.3 Environmental Impacts of Improper Solar Panel Disposal
The increasing adoption of solar energy has been celebrated as a crucial step toward

reducing greenhouse gas emissions and combating climate change (Olabi & Abdelkareem, 2022).
However, as the use of solar panels expands globally, the issue of their disposal at the end of
their lifespan is becoming an environmental challenge (Yu et al., 2022). Solar panels, which
typically last between 20 and 30 years, contain a variety of materials, some of which are
hazardous. When these panels are not properly disposed of or recycled, they can pose significant
environmental risks. Understanding the potential impacts of improper solar panel disposal is
essential to ensuring that the benefits of solar energy are not undermined by its waste

management challenges.

One of the most concerning environmental impacts of improper solar panel disposal is the
potential for hazardous materials to leach into the soil and water (Chowdhury et al., 2020). Many
solar panels contain toxic substances such as lead, cadmium, and selenium, which can pose
severe risks to both ecosystems and human health if they are not properly managed at the end
of their useful life. Cadmium telluride (CdTe) panels, for example, contain cadmium, a known
carcinogen and pollutant. If solar panels containing cadmium are discarded in landfills without
proper precautions, the cadmium can leach into the surrounding environment, contaminating
groundwater and posing risks to aquatic ecosystems and drinking water supplies (Maani et al.,
2020). Similarly, lead, which is found in the solder used in many solar panels, can accumulate in
the soil and water, potentially leading to widespread contamination and long-term environmental

harm.

The risk of environmental contamination is particularly acute in regions where waste
management infrastructure is underdeveloped or where regulations governing electronic waste

(e-waste) are weak. In such areas, solar panels may be discarded in open landfills or informally



Page | 26

dumped, leading to uncontrolled exposure to hazardous substances (Sharma et al., 2024). Over
time, these toxins can enter the food chain, affecting wildlife and posing health risks to humans.
In addition to their hazardous content, solar panels are composed of various non-toxic materials
like glass and aluminium, which, if improperly disposed of, contribute to the growing problem of

waste accumulation and the depletion of natural resources.

Beyond contamination, the improper disposal of solar panels contributes to the growing
issue of electronic waste (e-waste), which is already a significant global environmental problem
(Gautam et al., 2021). According to the International Renewable Energy Agency (IRENA), the
volume of solar panel waste is expected to rise significantly in the coming decades, reaching
millions of metric tons by 2050 (IRENA, 2016a). Without proper recycling and disposal systems
in place, the accumulation of solar panel waste could exacerbate the broader e-waste crisis. This
growing volume of waste not only strains landfills but also represents a missed opportunity to
recover valuable materials like silicon, silver, and aluminium that could be recycled and reused in

new solar panels or other products.

Furthermore, the degradation of solar panels in landfills can result in the release of
greenhouse gases, counteracting the very purpose of solar energy to reduce emissions
(Mohapatra et al., 2012). The breakdown of certain materials in panels, particularly the plastic
components, can release methane and other harmful gases into the atmosphere. While this issue
is less significant than the contamination caused by hazardous materials, it still presents a

concern, especially in areas where landfill gas capture systems are not in place.

The environmental impacts of improper solar panel disposal extend beyond the immediate
risks of contamination and e-waste accumulation to the broader issue of sustainability. Solar
panels are designed to reduce humanity’s reliance on fossil fuels and decrease environmental
degradation, but if their end-of-life management is not addressed properly, they can become part
of the problem rather than the solution (Schultz & Carvalho, 2022). Recycling presents a viable
alternative, allowing for the recovery of valuable materials and the safe disposal of hazardous
substances. However, the current global infrastructure for solar panel recycling is
underdeveloped, and in many regions, the costs of recycling exceed the economic value of the

recovered materials, leading to panels being improperly discarded.

2.4.4 Case Studies of Countries Dealing with Solar Panel Waste
As solar energy adoption increases worldwide, managing the waste generated by

decommissioned solar panels has become an important environmental issue. Several countries
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have taken proactive steps to address the growing challenge of solar panel waste, employing
different approaches tailored to their unique regulatory, economic, and environmental contexts.
By examining case studies from Germany, Japan, the United States, and Australia, we can gain
insights into how different countries are managing solar panel waste and what lessons can be

learned for future efforts.

i) Germany: Germany is widely regarded as a global leader in renewable energy, with its
solar panel waste management reflecting a strong commitment to sustainability, offering a
potential model for the UAE’s growing solar infrastructure. Under the European Union’s Waste
Electrical and Electronic Equipment (WEEE) Directive, Germany enforces an 'extended producer
responsibility' (EPR) model, mandating that manufacturers manage the collection, recycling, and
disposal of end-of-life panels (El-Khawad et al., 2022). This legislation has fostered a robust
recycling infrastructure, exemplified by companies like Veolia, which operates a Frankfurt facility
processing over 4,000 tons of photovoltaic (PV) panels annually with a 95% material recovery
rate (Veolia, 2024). Using a combination of mechanical and chemical processes, Veolia recovers
high-purity silicon, silver, and other materials like glass and aluminium, achieving scalability that
contrasts with the UAE’s desert challenges, such as dust accumulation in its arid climate. PV
Cycle, another key player, complements this effort by providing comprehensive recycling services
across the EU, achieving over 90% recovery rates (Xu et al., 2018). While Germany’s temperate
conditions differ from the UAE'’s, its blend of regulatory rigor and technical innovation offers a
scalable framework that could be adapted to address localized needs.

ii) South Africa: In contrast to developed nations, South Africa provides an emerging market
perspective on solar panel recycling. DESCO Electronic Recyclers, located near Johannesburg
in Kempton Park, Gauteng, has expanded its operations to include solar panel recycling,
processing photovoltaic (PV) waste to recover materials such as aluminium and glass as part of
its sustainable e-waste management efforts (DESCO, 2025). While specific annual tonnage
figures are not publicly detailed, their involvement aligns with South Africa’s increasing focus on
managing PV waste, a growing concern in the region.

iii) Japan: Japan, which has rapidly expanded its solar energy capacity in recent years, faces
a significant challenge in managing solar panel waste. The Japanese government has recognized
this issue and has invested heavily in research and development to advance recycling
technologies. Japan’'s approach emphasizes the importance of innovation in overcoming the
technical difficulties associated with solar panel recycling (Goénen & Kaplanoglu, 2019). In

collaboration with academic institutions and private companies, the Japanese government has
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supported research programs aimed at improving the efficiency and cost-effectiveness of solar
panel recycling. One notable example is the work being done by the National Institute of Advanced
Industrial Science and Technology (AIST) to develop advanced methods for recovering valuable
materials from solar panels, such as rare metals and high-purity silicon (lto et al., 2011). By
focusing on technology development, Japan is positioning itself as a leader in solar panel
recycling innovation, which is expected to become increasingly important as more panels reach
the end of their lifespan.

iv) United States: In the United States, solar energy has grown rapidly, but the country still
lacks a comprehensive national framework for solar panel waste management. However, several
states have begun to introduce legislation to address the issue (Dominguez & Geyer, 2019).
California, for example, has passed regulations that classify end-of-life solar panels as “universal
waste,” meaning they must be recycled or safely disposed of rather than sent to landfills. The
state is also investing in solar panel recycling infrastructure, with pilot projects exploring cost-
effective recycling methods. In the absence of federal regulations, private companies have taken
the lead in addressing solar panel waste. First Solar, a major U.S. solar panel manufacturer, has
implemented a comprehensive take-back and recycling program, recovering up to 90% of the
materials from its panels. This initiative demonstrates the role that private sector leadership can
play in mitigating solar panel waste, even in the absence of strong government regulation
(firstsolar, 2024).

V) Australia: Australia has experienced a significant boom in solar energy, with high rates of
rooftop solar installations across the country (Shrestha & Zaman, 2024). However, like the United
States, Australia is in the early stages of developing policies to manage solar panel waste. In
2018, Australia became the first country to designate photovoltaic systems as e-waste, requiring
that they be collected and recycled rather than discarded in landfills. Several pilot projects are
underway to develop recycling solutions for solar panels, and the Australian government has
partnered with research institutions to explore innovative approaches. One of the key challenges
facing Australia is the sheer volume of small-scale rooftop solar installations, which complicates
the logistics of collecting and recycling end-of-life panels (Mahmoudi et al., 2019). Nevertheless,
Australia is making progress by setting up industry standards and fostering partnerships between

the government, private sector, and academic researchers to tackle this emerging waste stream.
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2.5 Recycling Technologies for Solar Panels
2.5.1 Overview of Existing Recycling Technologies for Solar Panels

As the global demand for renewable energy rises, the question of what to do with solar
panels at the end of their life cycle has become a pressing concern. Solar panels typically have a
lifespan of 20 to 30 years, after which their efficiency declines, and they need to be
decommissioned (Artas et al., 2023). With millions of panels expected to reach the end of their
life in the coming decades, the development of effective recycling technologies is critical to
mitigating the environmental impacts of solar panel waste. Several recycling technologies have
emerged over the years, each designed to recover valuable materials from photovoltaic (PV)
panels while minimizing environmental harm. These technologies can be broadly categorized into

three main types: mechanical, thermal, and chemical recycling.

i) Mechanical Recycling: Mechanical recycling is the most widely used method for recycling
solar panels, particularly crystalline silicon (c-Si) panels, which dominate the global market
(Strachala et al., 2017). This process involves physically dismantling and shredding the
solar panels to separate the different materials they are made from, including glass,
aluminium, silicon, and various metals such as copper and silver. Once the panels are
broken down, the materials are sorted and processed for reuse. In mechanical recycling,
the solar panel is typically crushed and passed through various separation stages, such as
sieving, magnetic separation, and eddy current separation, to recover individual
components. The glass, which makes up the largest portion of a solar panel by weight, can
be reclaimed and used in the production of new glass products or insulation materials.
Aluminium, commonly used for the frames of solar panels, is easily separated and recycled
into new aluminium products. Silicon wafers, though more challenging to extract intact, can
also be recovered and purified for reuse in the production of new solar cells. One of the
key advantages of mechanical recycling is its relatively low cost and simplicity compared
to other methods. However, it also has limitations. Mechanical recycling is generally less
efficient at recovering high-value materials such as silicon, silver, and rare metals like
indium and gallium. Additionally, the crushing and shredding processes can sometimes
result in the loss of valuable materials, reducing the overall recovery rate.

i) Thermal Recycling: Thermal recycling involves the use of heat to break down the solar
panels and recover their valuable components. This method is particularly useful for
recovering materials that are difficult to separate using mechanical means, such as the

thin-film materials found in cadmium telluride (CdTe) or copper indium gallium selenide
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(CIGS) solar panels (Sivagami et al., 2024). In thermal recycling, the solar panels are
exposed to high temperatures, typically in an incineration or pyrolysis process, which
causes the organic materials (such as encapsulants and back sheets) to burn off, leaving
behind the inorganic materials like metals and glass. Once the organic materials are
removed, the remaining materials can be more easily separated and purified. For example,
in the case of CdTe panels, the cadmium and tellurium can be recovered through a
combination of thermal and chemical processes. Similarly, in CIGS panels, copper, indium,
and gallium can be extracted from the remaining material using a thermal process. Thermal
recycling is effective for certain types of solar panels, especially those with more complex
compositions. However, it is also associated with higher energy consumption and potential
environmental risks due to the release of harmful gases during the incineration process. To
mitigate these risks, many thermal recycling processes are combined with gas capture
technologies to minimize emissions. The use of energy-intensive processes can also
reduce the economic viability of thermal recycling, making it less attractive for large-scale
adoption (Divya et al., 2023).

Chemical Recycling: Chemical recycling is one of the most advanced and effective
methods for recovering high-purity materials from solar panels. This method uses chemical
solvents and reagents to dissolve and separate the various components of the solar panel,
allowing for the recovery of materials such as silicon, metals, and rare earth elements (Xu
et al., 2018). Chemical recycling is particularly effective for reclaiming high-value materials
that are difficult to recover through mechanical or thermal processes. One common
approach to chemical recycling involves the use of strong acids or bases to dissolve the
encapsulants and release the underlying materials. For example, nitric acid or hydrochloric
acid can be used to dissolve silver or aluminium, allowing for their recovery. Similarly,
hydrofluoric acid can be used to etch away the silicon wafers, leaving behind purified silicon
that can be reused in the production of new solar cells. After the chemical processes are
complete, the remaining materials can be further refined and purified for reuse. While
chemical recycling offers the potential for higher recovery rates and better material purity
compared to mechanical or thermal methods, it also comes with significant challenges. The
use of hazardous chemicals poses environmental and safety risks, particularly if the
recycling facilities are not equipped with proper containment and waste management
systems. Additionally, chemical recycling is often more expensive than mechanical

methods, which can limit its widespread adoption. However, ongoing research is focused
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on developing greener and more cost-effective chemical processes that can make this

method more viable on a large scale.

2.5.2 Comparison of Recycling Methods
Mechanical recycling is the most commonly used method for recycling solar panels,

particularly crystalline silicon (c-Si) panels, which make up the majority of the global solar market.
The process involves the physical dismantling and shredding of solar panels to recover bulk
materials like glass, aluminium, and silicon. Once the solar panels are crushed, the materials are
sorted through various separation techniques such as sieving, magnetic separation, and eddy
current separation. The recovered glass can be reused in the production of new glass products,
while aluminium is typically melted down and reformed into new products. Silicon, although more
challenging to extract in its pure form, can be recovered and repurposed for the production of new

solar cells or other electronics.

One of the key advantages of mechanical recycling is its relatively low cost and simplicity.
It is a straightforward process that can be implemented at a large scale, making it the most
commercially viable recycling method currently available. However, the limitations of mechanical
recycling lie in its relatively low recovery rate for high-value materials like silver, silicon, and rare
metals such as indium and gallium. The crushing and shredding processes can result in the loss
of these materials, reducing the overall economic value of the recycled components. Mechanical
recycling is most effective for recovering low-cost materials such as glass and aluminium, but it

is less efficient when it comes to maximizing the recovery of more valuable resources.

Chemical recycling, though less widely used, offers the potential for higher recovery rates
of valuable materials from solar panels. This method involves the use of chemical solvents or
reagents to dissolve the different components of solar panels, allowing for the selective recovery
of materials such as silicon, silver, and rare earth elements. Chemical processes can break down
the encapsulants that protect solar cells and release the valuable materials embedded within
them. For example, strong acids such as nitric acid or hydrochloric acid can dissolve metals like
silver and aluminium, while hydrofluoric acid is used to etch away the silicon layers, enabling the

recovery of high-purity silicon that can be reused in new solar cells.

The primary advantage of chemical recycling is its ability to achieve high material purity
and recovery rates, especially for metals and silicon that are difficult to extract through mechanical
methods. This makes it a particularly attractive option for thin-film solar panels, which contain

valuable metals like cadmium, tellurium, and indium. However, the use of hazardous chemicals
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in the process poses significant environmental and safety risks. These chemicals must be handled
carefully, and the facilities conducting chemical recycling must have robust waste management
systems in place to prevent contamination. Chemical recycling is also more expensive than
mechanical methods due to the cost of reagents and the complexity of the processes involved.
As a result, it is typically reserved for cases where high-value materials are present in significant

quantities, justifying the higher costs.

Thermal recycling uses heat to break down solar panels, particularly organic materials,
and recover inorganic components such as metals and glass. This method is particularly useful
for thin-film solar panels, which contain complex material compositions that are difficult to
separate using mechanical processes alone. During thermal recycling, the solar panels are
exposed to high temperatures in an incineration or pyrolysis process, which burns off the organic
encapsulants and plastic back sheets. The remaining materials, such as metals, can then be more
easily separated and purified. In cadmium telluride (CdTe) and copper indium gallium selenide
(CIGS) panels, for example, thermal processes can help recover metals like cadmium, tellurium,

copper, and indium.

Thermal recycling is advantageous because it can process materials that mechanical
recycling cannot easily handle, such as complex thin-film panels. Additionally, it allows for the
recovery of rare and valuable metals that might otherwise be lost in a purely mechanical process.
However, thermal recycling is energy-intensive, which reduces its environmental benefits
compared to other methods. The high temperatures required can result in increased greenhouse
gas emissions, and the burning of certain materials may release toxic fumes if not properly
controlled. Additionally, thermal recycling typically has a lower recovery rate for materials like

glass, as the extreme heat can damage the material's structure, limiting its potential for reuse.

Each recycling method - mechanical, chemical, and thermal - offers distinct advantages
and disadvantages based on the types of materials involved and the intended outcomes.
Mechanical recycling is the most widely used and cost-effective method, but it struggles to recover
high-value materials and achieve high purity levels. Chemical recycling excels in recovering
valuable and rare materials with high purity, but it comes with higher costs and environmental
risks due to the use of hazardous chemicals. Thermal recycling is effective for processing complex
solar panels, particularly thin-film types, but it is energy-intensive and has potential environmental
drawbacks. Ultimately, the choice of recycling method depends on the specific type of solar

panels being processed, the available infrastructure, and the environmental and economic goals
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of the recycling initiative. In many cases, a combination of these methods may be necessary to
achieve the best outcomes for material recovery and sustainability. As the volume of solar panel
waste continues to grow, ongoing innovation in recycling technologies will be essential to
improving recovery rates, reducing costs, and minimizing the environmental impact of solar panel

disposal.

2.5.3 Technological Advancements in Solar Panel Recycling
The growing adoption of solar energy worldwide has been accompanied by the realization

that the management of end-of-life solar panels presents a significant challenge. As the number
of decommissioned panels is expected to rise sharply in the coming decades, the development
of advanced recycling technologies is increasingly critical. Traditional recycling methods -
mechanical, thermal, and chemical - while effective in some cases, have limitations that hinder
material recovery rates, environmental sustainability, and economic viability. Technological
advancements in solar panel recycling aim to address these limitations, leading to more efficient,
environmentally friendly, and economically sustainable processes. These advancements are
particularly focused on improving recovery rates of high-value materials, reducing the
environmental impact of recycling, and lowering operational costs to make recycling a more

attractive option for the solar industry.

One of the key areas of innovation in solar panel recycling is the improvement of
mechanical recycling techniques. Traditionally, mechanical recycling has been a straightforward,
low-cost method for recovering bulk materials such as glass and aluminium from solar panels.
However, it has struggled with recovering high-value materials like silicon and silver, and the
processes often result in material loss due to the rough handling of components during crushing
and shredding. Recent advancements in mechanical recycling focus on precision disassembly
techniques, which aim to separate the various components of a solar panel more efficiently and
with less damage. Automated disassembly systems, for example, use robots and advanced
machinery to carefully dismantle panels layer by layer, allowing for more targeted recovery of
individual materials. This approach reduces material contamination and increases the purity of
the recovered materials, particularly for silicon wafers, which are often damaged in traditional
mechanical processes. These automated systems also allow for faster processing, which can

help reduce the costs associated with labour-intensive manual disassembly.

Another notable advancement is the development of innovative separation technologies

that enhance the recovery of rare metals and other valuable components. For example, new
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techniques involving electrostatic separation and advanced magnetic sorting have improved the
efficiency of extracting metals like silver and copper from the shredded material. These
advancements are pushing mechanical recycling closer to achieving a circular economy in which
the maijority of a solar panel’s components can be repurposed, minimizing the need for new raw

materials.

Chemical recycling, while traditionally less widespread due to its complexity and higher
costs, has seen significant advancements that are making it more viable for large-scale
implementation. One of the major technological breakthroughs in chemical recycling involves the
development of less toxic and more environmentally friendly solvents that can selectively dissolve
the various layers of a solar panel without damaging the underlying materials. Recent innovations
have focused on green chemistry approaches, where the use of hazardous chemicals like
hydrofluoric acid is replaced by safer alternatives that can effectively break down encapsulants
and release valuable materials like silicon and metals. For instance, ionic liquids and
biodegradable solvents are being explored as potential substitutes that reduce the environmental

risks associated with chemical recycling while maintaining high recovery rates.

Another area of progress is the enhancement of selective etching processes, which allow
for the precise separation of silicon wafers and the recovery of rare metals such as indium and
gallium from thin-film solar panels. These processes involve applying tailored chemical treatments
that dissolve specific layers of the panel without affecting others, resulting in a higher yield of
recoverable materials. Additionally, advancements in solvent recovery systems are enabling the

reuse of chemicals within the recycling process, reducing waste and operational costs.

Thermal recycling has also benefited from technological advancements aimed at reducing
its environmental footprint and improving material recovery rates. Traditional thermal recycling
methods, such as pyrolysis and incineration, are energy-intensive and can produce harmful
emissions if not properly controlled. However, recent developments in pyrolysis technology have
focused on optimizing temperature control and integrating gas capture systems to minimize
emissions and improve the energy efficiency of the process. One such innovation is low-
temperature pyrolysis, which uses lower temperatures to break down organic materials without
the high energy demands of traditional methods. This not only reduces greenhouse gas emissions
but also minimizes damage to the remaining materials, making them easier to recover.

Gasification technologies have also been integrated into thermal recycling, enabling the capture
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and conversion of waste gases into usable forms of energy, such as syngas, which can be fed

back into the recycling plant to offset its energy needs.

Another promising advancement in thermal recycling is the use of plasma technology.
Plasma arc recycling involves using high-energy plasma torches to break down solar panels into
their constituent elements at extremely high temperatures. Plasma recycling is highly efficient in
recovering metals and can achieve near-complete material recovery with minimal emissions.
While still in the experimental stage, plasma technology offers significant potential for handling
more complex and mixed material solar panels, such as those with multilayered thin-film

constructions.

2.5.4 Economic and Environmental Efficiency of Recycling Methods
The economic and environmental efficiency of solar panel recycling methods is a critical

factor in determining the feasibility of large-scale recycling initiatives. As the volume of solar
panels reaching the end of their life cycle grows, it is essential to develop recycling technologies
that not only minimize the environmental impacts of disposal but also offer economic value. Each
recycling method—mechanical, chemical, and thermal - has its own cost structures, energy
demands, material recovery rates, and environmental considerations. This section explores the
economic and environmental efficiency of these methods, highlighting the trade-offs that must be

considered when selecting the most appropriate recycling solution.

The economic efficiency of a recycling method is determined by several factors, including
operational costs, the value of recovered materials, and the scalability of the process. Mechanical
recycling is generally considered the most economically viable method, largely because of its
simplicity and low energy requirements. It relies on well-established industrial processes such as
crushing, sieving, and magnetic separation, which are relatively inexpensive to implement and
scale. However, mechanical recycling primarily recovers low-value materials like glass and
aluminium, which limits its economic return. The recovery of high-value materials such as silicon
and silver, though possible, is less efficient in mechanical recycling, reducing the overall

profitability of the process.

Chemical recycling, while capable of recovering high-purity materials such as silicon and
rare metals, tends to be more expensive than mechanical recycling due to the costs associated
with chemical reagents, containment measures for hazardous substances, and complex
separation processes. The economic viability of chemical recycling improves when high-value

materials are present in significant quantities, as these can offset the higher operational costs. In
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regions where the market value of recycled silicon, silver, and rare metals is high, chemical
recycling can be economically attractive. However, its cost-efficiency remains a challenge,
particularly in areas where access to high-quality feedstock (end-of-life solar panels with high

concentrations of valuable materials) is limited.

Thermal recycling is often the most energy-intensive of the three methods, which can
make it less economically efficient in comparison to mechanical and chemical recycling. The high
energy input required to incinerate or thermally decompose the panels, combined with the
potential need for emissions control systems, drives up operational costs. Thermal recycling is
most economically viable for thin-film solar panels, which contain rare metals like cadmium,
tellurium, and indium that can be recovered and resold at a high price. Nevertheless, the high
upfront and operational costs often make thermal recycling less attractive on a large scale unless

offset by high material recovery rates and significant market demand for the extracted elements.

Environmental efficiency in solar panel recycling is measured by the method’s ability to
minimize negative environmental impacts while maximizing material recovery and reducing
waste. Mechanical recycling is environmentally efficient in terms of energy consumption, as it
typically requires lower energy inputs than chemical or thermal methods. However, its
environmental efficiency is somewhat compromised by its lower material recovery rates,
particularly for high-value and rare materials. The process may also produce waste in the form of

unrecoverable materials or contaminated by-products, which may still require disposal in landfills.

Chemical recycling offers higher recovery rates of valuable materials and greater purity of
extracted components, but it poses environmental challenges due to the use of hazardous
chemicals such as acids and solvents. The disposal of these chemicals, as well as the potential
for leakage or contamination during processing, requires stringent safety and waste management
protocols. However, recent advancements in chemical recycling, including the use of greener
solvents and closed-loop systems, have improved its environmental footprint. In regions where
chemical recycling facilities are well-regulated, the environmental risks can be minimized, making

this method relatively efficient in terms of resource recovery.

Thermal recycling, while effective at processing complex thin-film panels and recovering
valuable metals, tends to be less environmentally efficient due to its high energy consumption
and potential emissions. Incineration and pyrolysis processes produce greenhouse gases,

including carbon dioxide and methane, and can release harmful toxins such as dioxins and furans
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if not carefully controlled. To mitigate these environmental impacts, modern thermal recycling
facilities are often equipped with emissions capture and treatment systems, such as scrubbers
and gasification technologies, which can significantly reduce pollutants. However, the
environmental efficiency of thermal recycling remains lower compared to other methods,

particularly in terms of energy use and carbon emissions.

In evaluating the economic and environmental efficiency of different recycling methods, it
is clear that trade-offs exist. Mechanical recycling is economically efficient but less effective at
recovering high-value materials, which limits its potential for reducing environmental impact
through resource recovery. Chemical recycling offers superior material recovery and purity,
particularly for valuable and rare elements, but at a higher environmental and economic cost due
to the use of hazardous chemicals. Thermal recycling excels at processing certain types of solar
panels but is energy-intensive and environmentally burdensome without advanced emissions

controls.

The ideal recycling method would balance both economic and environmental efficiency by
optimizing material recovery, minimizing energy use and emissions, and offering financial
sustainability through cost-effective operations and valuable material recovery. As recycling
technologies continue to evolve, there is growing potential for hybrid approaches that combine
the strengths of different methods to achieve better overall outcomes. For example, mechanical
pre-treatment followed by chemical extraction could increase both recovery rates and economic
returns while reducing environmental harm. In the future, advances in material science, energy
efficiency, and green chemistry are likely to further enhance the sustainability and cost-
effectiveness of solar panel recycling, making it an integral part of the global renewable energy

transition.

2.6 Financial Viability of Solar Panel Recycling
2.6.1 Economic Analysis of Recycling vs. Disposal

The transition to renewable energy has sparked significant growth in the global
deployment of solar panels. However, the question of what happens at the end of the solar panel
lifecycle is becoming increasingly important. With millions of panels expected to be
decommissioned in the coming decades, there is an urgent need to evaluate the economic
implications of solar panel recycling compared to disposal. The financial viability of recycling
versus disposal hinges on several factors, including material recovery, operational costs,

environmental externalities, and regulatory frameworks (D’Adamo et al., 2017). This section
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explores the economic considerations that influence whether solar panels should be recycled or

disposed of in landfills, focusing on cost structures, material values, and long-term sustainability.

The costs associated with solar panel disposal are relatively straightforward, as traditional
disposal methods typically involve landfilling. While this option incurs lower upfront costs
compared to recycling, the long-term environmental and financial liabilities of landfill disposal are
substantial (Chowdhury et al., 2020). Landfilling solar panels can lead to the release of hazardous
materials such as lead, cadmium, and other toxic substances that pose significant environmental
risks. These environmental hazards carry economic consequences, including potential liabilities
from groundwater contamination, soil degradation, and remediation costs. Although immediate
disposal may seem financially expedient, the external costs related to environmental damage and
public health risks may far outweigh the short-term savings, leading to increased costs in the long

run.

On the other hand, recycling solar panels offers an alternative that can mitigate these
environmental risks while unlocking economic value through the recovery of valuable materials.
Solar panels are composed of various high-value components, including silicon, silver, copper,
aluminium, and rare metals such as indium and gallium, which can be extracted and reused in
the production of new panels or other products (Bajagain et al., 2020). The economic value of
recovered materials can offset the costs of recycling, particularly when market prices for these
materials are high. For example, silicon, which is a key component in most photovoltaic panels,
can be purified and reused, potentially reducing the need for new raw materials in the solar
manufacturing industry. Silver, another valuable material in solar panels, has a strong market

demand, and its recovery through recycling can yield financial returns.

However, the economic viability of recycling is not without its challenges. The costs
associated with recycling solar panels are higher than those of disposal, primarily due to the
labour-intensive nature of disassembly, the energy costs associated with processing, and the
complexity of separating materials in a way that ensures high purity (Yu et al., 2022). Additionally,
the existing infrastructure for solar panel recycling is underdeveloped in many parts of the world,
which adds to the logistical and operational costs. The lack of standardized recycling processes
and limited economies of scale also contribute to the higher costs of recycling when compared to

disposal.
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A key factor influencing the economic analysis of recycling versus disposal is the
regulatory environment. In jurisdictions where governments have implemented extended
producer responsibility (EPR) policies, manufacturers are held accountable for the end-of-life
management of their products, which includes ensuring that solar panels are recycled (Khawaja
et al., 2021). In such regulatory frameworks, recycling becomes not just a financial decision but a
legal requirement, shifting the cost-benefit analysis in favour of recycling. For example, in the
European Union, the Waste Electrical and Electronic Equipment (WEEE) Directive mandates that
solar panel producers are responsible for the collection, treatment, and recycling of end-of-life
panels, which has led to the establishment of a robust recycling infrastructure in many EU
countries (HSE, 2024). The regulatory push for recycling creates economic incentives for
manufacturers to invest in recycling technologies and infrastructure, further improving the financial

viability of recycling over time.

From a long-term economic perspective, recycling solar panels contributes to the
sustainability of the solar industry by creating a circular economy in which materials are
continually reused, reducing the need for virgin raw materials and lowering production costs. This
circular approach not only enhances resource efficiency but also stabilizes supply chains,
particularly for critical materials like silicon and rare metals, whose availability can fluctuate due
to geopolitical factors and market volatility. Recycling, therefore, plays a key role in ensuring the

long-term economic sustainability of the solar energy sector.

2.6.2 Market Value of Recovered Materials
The recycling of solar panels presents a unique opportunity to recover valuable materials

such as silicon, silver, aluminium, and other metals, which can be reintroduced into the
manufacturing supply chain. These recovered materials not only help mitigate the environmental
impact of solar panel disposal but also generate economic value through their reuse in various
industries (D’Adamo et al., 2023). Understanding the market value of these materials is crucial in
assessing the financial viability of solar panel recycling, as it determines whether the proceeds
from recovered components can offset the costs of recycling operations. The market value of
these materials fluctuates based on supply-demand dynamics, geopolitical factors, and

technological advancements, all of which impact the profitability of solar panel recycling initiatives.

Silicon is one of the most abundant elements in the Earth's crust and is a critical
component of photovoltaic (PV) solar panels. The purified form of silicon, known as polysilicon, is

used in the manufacture of solar cells due to its semiconducting properties, which allow it to
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convert sunlight into electricity (Preet & Smith, 2024). As solar energy adoption has grown, so
has the demand for high-quality polysilicon. Recovered silicon from end-of-life solar panels can
be repurposed for use in new panels or other electronic applications, provided it meets the purity
standards required for such purposes. The market value of silicon is influenced by several factors,
including the demand from the electronics and renewable energy sectors, as well as fluctuations

in the supply of virgin silicon (Bonifacio, 2023).

Polysilicon prices have been known to experience significant volatility due to supply chain
disruptions, technological advancements in solar manufacturing, and government policies related
to trade and tariffs. For example, polysilicon prices spiked in the mid-2010s as demand for solar
panels surged and production struggled to keep pace (Yeung et al., 2023). Although the price of
silicon has since stabilized, the continued expansion of the solar industry, combined with the
growing push for recycling and sustainability, ensures that silicon remains a valuable commodity.
Recovered silicon, though not always as pure as virgin silicon, can still command a significant

market price, making it a key contributor to the economic viability of solar panel recycling.

Silver is another crucial component in solar panels, primarily used in the photovoltaic cells’
conductive materials. Silver’'s excellent conductivity properties make it ideal for capturing and
transporting the electrical charge generated by solar cells (Wongnaree et al., 2020). However,
the use of silver in solar panels also drives a significant portion of the overall cost of
manufacturing, as silver is a relatively expensive material. The global demand for silver in solar
energy applications has risen sharply in recent years, making it one of the most valuable materials

recoverable from end-of-life panels.

The market price of silver is subject to fluctuations based on its demand in various
industries, including electronics, jewellery, and investment. As of recent years, the price of silver
has remained relatively high due to increased demand from both the renewable energy sector
and investors seeking a safe-haven asset during periods of economic uncertainty. Recovering
silver from decommissioned solar panels can be economically lucrative, especially when the
panels are processed efficiently. Even though silver constitutes a relatively small proportion of a
solar panel’'s mass, its high market value makes its recovery a priority in the recycling process.
Technologies that improve the extraction and purity of silver from solar panels have the potential

to significantly enhance the financial returns of solar panel recycling operations.
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Aluminium is widely used in solar panel frames and mounting structures due to its
lightweight, corrosion-resistant properties. It is one of the most abundant and easily recyclable
metals, and its recovery from solar panels is both economically and environmentally
advantageous (Das et al., 2010). Aluminium recycling is well-established globally, with the metal
being one of the most frequently recycled materials due to its high reuse potential and the
relatively low energy required for recycling compared to primary production. This creates a strong
market for recovered aluminium, which can be sold and reused in the production of new solar

panel frames, automotive components, construction materials, and a range of other products.

The price of aluminium is influenced by factors such as global demand from industries
including construction, transportation, and packaging, as well as the availability of bauxite (the
raw material for aluminium production). Aluminium prices tend to fluctuate based on global
economic conditions, supply chain disruptions, and shifts in manufacturing demand. In recent
years, the focus on sustainability has increased the demand for recycled aluminium, further
boosting its market value. The ability to recover aluminium efficiently from solar panels contributes
to the economic attractiveness of recycling operations, as the metal can be sold for a significant

price on the global market (Sivagami et al., 2024).

2.6.3 Cost-Benefit Analysis of Solar Panel Recycling
The cost-benefit analysis of solar panel recycling plays a crucial role in determining

whether the process is financially viable and sustainable in the long run (Liu et al., 2020).
Recycling solar panels involves several costs, including collection, transportation, labour, energy,
and technology for processing the materials. However, these costs can be offset by the benefits
of recovering valuable materials such as silicon, silver, and aluminium, as well as the
environmental savings associated with avoiding landfill disposal. A thorough cost-benefit analysis
considers both direct financial returns from recovered materials and indirect benefits like reduced

environmental impacts and potential policy incentives (Gonen & Kaplanoglu, 2019).

Direct financial returns from solar panel recycling are driven largely by the market value
of the materials recovered. Silicon, silver, and aluminium are some of the most valuable materials,
with the potential to be reused in new manufacturing processes (Cui et al., 2022). However, the
economic feasibility of recycling depends heavily on the efficiency of the process and the purity
of the materials recovered. While traditional recycling methods may have lower operational costs,
their recovery rates are often lower, especially for high-value materials like silver and silicon,

which reduces the overall financial return. Conversely, more advanced chemical and thermal
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recycling methods may yield higher returns due to improved recovery rates, but these methods
also incur higher operational costs due to energy usage and the handling of hazardous chemicals
(Kijo-Kleczkowska & Gnatowski, 2022).

Indirect benefits also play an essential role in the cost-benefit analysis of solar panel
recycling. By diverting solar panels from landfills, recycling helps reduce environmental harm and
potential costs related to contamination cleanup, regulatory penalties, and long-term liability.
Moreover, some countries have introduced policies and incentives, such as subsidies or tax
credits, to promote solar panel recycling as part of a broader commitment to sustainability and
the circular economy. In the European Union, for example, extended producer responsibility
(EPR) regulations require manufacturers to take responsibility for recycling their products,
reducing landfill waste, and conserving resources (Altassan, 2023). Similar policies are expected
to expand globally, potentially improving the financial viability of recycling efforts by reducing the

net costs for producers.

Another aspect of the cost-benefit analysis is the impact of economies of scale. As solar
panel recycling becomes more widespread, larger recycling facilities with greater processing
capacity can reduce unit costs through mass production. Such economies of scale can help
improve the overall financial viability of the recycling industry, making it a more attractive option

for both private companies and government initiatives (Wade et al., 2017).

2.6.4 Challenges and Opportunities for Scaling Up Solar Panel Recycling
As the solar energy industry continues to expand, the need to scale up solar panel

recycling becomes increasingly urgent. However, several challenges must be addressed before
recycling efforts can be effectively scaled. At the same time, there are significant opportunities for
growth in this emerging industry, particularly as technological advancements and regulatory

frameworks continue to evolve.

One of the primary challenges to scaling up solar panel recycling is the lack of
standardized processes and infrastructure (Goh et al., 2024). Currently, recycling facilities for
solar panels are limited in number and are often geographically concentrated in specific regions.
This lack of infrastructure leads to high transportation and logistical costs, which can negate the
economic benefits of recycling. Moreover, the absence of standardized recycling processes
means that there are significant variations in recovery rates, material purity, and costs across
different facilities (Gerold & Antrekowitsch, 2024). To overcome these challenges, governments

and industry stakeholders need to invest in expanding the infrastructure for solar panel recycling,
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particularly in regions where solar energy adoption is rapidly increasing but recycling capacity is

lacking.

Another challenge is the regulatory landscape. While some regions, such as the European
Union, have introduced robust regulations like the WEEE Directive, many countries still lack
comprehensive policies governing solar panel recycling. In the absence of mandatory recycling
requirements, producers may opt for cheaper disposal methods, such as landfilling, rather than
investing in recycling infrastructure (Sharma et al.,, 2019). To scale up solar panel recycling
globally, policymakers must create regulatory frameworks that incentivize recycling and hold
producers accountable for the end-of-life management of their products. Extended producer
responsibility (EPR) programs and subsidies for recycling infrastructure can help foster the growth

of the recycling industry (Chowdhury et al., 2020).

Despite these challenges, the opportunities for scaling up solar panel recycling are
significant. The increasing global adoption of solar energy means that the volume of end-of-life
panels is set to grow exponentially in the coming decades. This creates a large and expanding
market for recycling services, particularly in regions that are currently underserved. Moreover,
advancements in recycling technology, such as automated disassembly and chemical recovery
methods, have the potential to improve material recovery rates and reduce costs, making large-
scale recycling more economically viable (D’Adamo et al., 2023). Another key opportunity lies in
the potential for job creation and economic development. As recycling infrastructure expands,
new jobs will be created in the areas of collection, processing, and material recovery. Additionally,
the recovered materials can be reintroduced into the manufacturing supply chain, reducing the
need for new raw materials and lowering production costs for solar panel manufacturers. This
circular economy approach not only contributes to environmental sustainability but also provides
economic opportunities for both the private sector and local communities (Daniela-Abigail et al.,
2022).

2.7 Gaps in the Literature
The literature reviewed provides a comprehensive examination of the financial viability of

solar panel waste recycling, particularly in the context of the United Arab Emirates (UAE).
However, several significant research gaps remain that warrant further exploration. One of the
most prominent gaps is the lack of region-specific studies. While there is a wealth of literature on
solar panel recycling in regions such as Europe, Asia, and the United States, the UAE and the

broader Middle Eastern context have been underexplored. The unique environmental, economic,
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and policy factors in the UAE present distinct challenges and opportunities for solar panel
recycling that differ significantly from other regions. This gap suggests a need for more research
tailored to the UAE’s specific circumstances, such as its policy framework, environmental

conditions, and economic structure.

Additionally, the economic feasibility of solar panel recycling in developing or emerging
markets like the UAE has not been adequately addressed. Most existing studies focus on regions
with established recycling infrastructures, such as the European Union, leaving a gap in
understanding the financial viability of setting up new facilites in markets where such
infrastructure is either limited or non-existent. In particular, there is limited research on the initial
investment required, potential market demand for recycled materials, and the long-term economic

returns that would make recycling financially sustainable in these regions.

Another key gap in the literature relates to the technological limitations specific to the
UAE’s environment. Although various recycling technologies, such as mechanical, thermal, and
chemical methods, have been extensively discussed, there is little research on how these
technologies would perform in the UAE’s harsh environmental conditions, including extreme heat
and dust. These factors could impact both the efficiency and the operational costs of recycling

processes, making it crucial to explore technology adaptations suitable for the UAE context.

Finally, while the literature highlights the importance of the circular economy, there is
insufficient research on how solar panel recycling can be integrated into the UAE’s broader
sustainability strategies. The role of governmental incentives, policy frameworks, and public-
private partnerships in fostering a circular economy specific to the UAE has not been fully
explored. This represents a critical gap, as the success of a solar panel recycling industry in the
UAE will likely depend on its alignment with national sustainability goals and regulatory support.
Addressing these gaps would not only contribute to the academic discourse but also offer practical

solutions for enhancing the financial viability of solar panel recycling in the UAE.

2.8 Chapter Summary
This chapter has explored the complexities and opportunities associated with the recycling

of solar panels, a growing area of interest as the renewable energy sector continues to expand
globally. The chapter began by examining the increasing importance of solar energy adoption in
the UAE, highlighting both the country’s significant achievements in renewable energy and the
challenges it faces, particularly in relation to managing solar panel waste. Various global trends

and case studies were explored to provide a comprehensive understanding of how different
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countries are tackling the environmental challenges posed by solar panel waste and developing

strategies for its effective management.

A detailed analysis of existing recycling technologies was presented, comparing
mechanical, thermal, and chemical methods in terms of their economic and environmental
efficiency. While mechanical recycling is currently the most cost-effective method, chemical and
thermal processes offer greater potential for recovering high-value materials, though they come
with higher costs and environmental risks. Technological advancements in these recycling
methods, such as automation and green chemistry, promise to improve material recovery rates

and reduce negative environmental impacts, offering a path forward for the industry.

The chapter also critically reviewed the financial viability of solar panel recycling,
examining the economic balance between recycling and disposal. The cost-benefit analysis
underscored the importance of material recovery and regulatory frameworks in making recycling
a financially sustainable option. Moreover, the market value of key recovered materials, such as
silicon, silver, and aluminium, was discussed as a crucial factor in offsetting recycling costs and

driving profitability.

Finally, the chapter concluded by addressing the challenges and opportunities for scaling
up solar panel recycling. Although infrastructure limitations, regulatory gaps, and high initial costs
present barriers, the expanding solar energy sector offers significant opportunities for job creation,
technological innovation, and the establishment of a circular economy. Through continued
investment, innovation, and supportive policy frameworks, solar panel recycling can play a vital

role in promoting sustainability within the renewable energy industry.
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CHAPTER THREE: METHODOLOGY

3.1 Introduction

The Methodology chapter serves as the foundation of the research study, detailing the
systematic processes and techniques used to address the research questions (Kothari, 2004).
The methodology is a critical component that not only explains how the research is conducted but
also justifies the choice of methods and approaches. It provides a transparent and replicable
framework for understanding how data is collected, analysed, and interpreted, thus ensuring the
rigor and credibility of the research (Tan, 2022). For this study, which explores the financial
viability of solar panel recycling in the United Arab Emirates (UAE), the methodology must align

with both the research objectives and the unique context of the study.

Given the complex nature of financial viability in a burgeoning industry like solar panel
recycling, this study adopted a qualitative approach, grounded in a case study design (de Vries,
2020). A qualitative methodology is appropriate as it allows for an in-depth exploration of the
nuanced financial, environmental, and operational factors influencing the development of a solar
panel recycling industry in the UAE. This approach also facilitates the examination of multiple
perspectives from stakeholders such as company heads, policymakers, and industry experts,
whose insights are integral to understanding the feasibility and challenges of solar panel recycling

in the region.

The research is situated within an interpretivist philosophical paradigm, which emphasizes
the subjective nature of reality and the importance of understanding phenomena through the
meanings people assign to them (O'Donoghue, 2018). Given the emerging nature of solar panel
recycling in the UAE, the study aims to explore the lived experiences, perceptions, and
motivations of key stakeholders, which are best captured through qualitative inquiry. By adopting
a subjectivist lens, the research will delve into how stakeholders interpret the financial viability of

recycling, the risks they perceive, and the strategies they propose for overcoming challenges.

The research design is rooted in a case study approach that focuses on a sample of 20
partner organizations in the UAE's solar energy sector in the UAE. Case studies are particularly
useful for exploring complex and context-dependent issues, such as the development of new
industries. This design allows for the examination of multiple cases within the solar energy sector,
providing a comparative analysis of different recycling practices and financial models. The case

study approach also supports a deep dive into the regulatory, economic, and environmental
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contexts that influence solar panel recycling in the UAE, offering a rich and detailed understanding

of the subject.

To collect data, the study employed a combination of qualitative interviews, document
analysis, and case studies. The primary data was gathered through semi-structured interviews
with key stakeholders in the UAE's solar energy sector, including business leaders, policymakers,
and technical experts. These interviews were supplemented by secondary data from industry
reports, government publications, and company records, providing a comprehensive picture of
the financial and operational realities of solar panel recycling. The sampling strategy involved
stratified sampling, ensuring that the companies and participants selected for the study represent

the diversity of recycling technologies and business models in the UAE.

Finally, the data was analysed using thematic analysis, which involves identifying,
analysing, and interpreting patterns of meaning within the data. This method is well-suited for
exploring the complex and interrelated factors that affect the financial viability of solar panel
recycling. Thematic analysis allows for the synthesis of insights across different cases, enabling
the researcher to draw meaningful conclusions about the opportunities and challenges in the

UAE's solar panel recycling industry.

3.2 Research Philosophy and Approach

3.2.1 philosophical paradigm

The research philosophy adopted in this study is interpretivism, which aligns with the
qualitative nature of the research and the complex, context-specific issues it aims to explore.
Interpretivism is a well-established philosophical paradigm within the social sciences,
emphasizing the understanding of social reality through the subjective interpretations of
individuals (Thanh & Thanh, 2015). Unlike positivism, which seeks to uncover objective truths
through measurable data, interpretivism acknowledges that reality is constructed through human
experiences, perceptions, and interactions (Alharahsheh & Pius, 2020). This paradigm is
particularly relevant for this research, which seeks to understand the financial viability of solar
panel recycling from the perspectives of various stakeholders within the UAE’s solar energy

sector.

Interpretivism is founded on the belief that knowledge is not merely discovered but

constructed through the meanings individuals ascribe to their experiences and the contexts in
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which they operate (Pham, 2018). In the context of this study, the financial viability of solar panel
recycling is not an objective, universally measurable phenomenon but one that varies depending
on factors such as the stakeholder’s role in the industry, the regulatory environment, and the
specific economic challenges faced in the UAE. By adopting an interpretivist approach, the
research aims to capture these varied perspectives and provide a rich, nuanced understanding
of the conditions under which solar panel recycling might be financially feasible (Pulla & Carter,
2018).

Closely related to interpretivism is the concept of subjectivism, which underscores the idea
that knowledge is shaped by individuals’ subjective experiences. Subjectivism holds that
individuals create and attach meaning to their realities based on personal beliefs, experiences,
and contexts (Pervin & Mokhtar, 2022). This is especially pertinent to this study, as it involves
interviewing company heads and industry experts, each of whom may have differing views on the
financial viability of solar panel recycling based on their unique experiences within the sector. The
subjectivist approach allows the research to explore how these stakeholders construct their
understanding of financial viability, what factors they prioritize in their decision-making, and how

they navigate challenges in the emerging recycling market.

Moreover, by adopting this philosophical paradigm, the study acknowledges that multiple
realities exist within the context of solar panel recycling in the UAE. For instance, what might be
perceived as financially viable for one company may not be seen the same way by another due
to variations in business models, access to technology, and policy support. Therefore, the
interpretivist and subjectivist framework not only enabled the study to capture these diverse
interpretations but also provided a deeper analysis of how these subjective realities influence the
broader economic landscape of solar panel recycling in the UAE. This philosophical approach is
crucial for understanding not just the financial data associated with solar panel recycling but also
the socio-economic and political factors that influence decision-making within this industry. It
allows for the exploration of themes such as sustainability, risk management, and policy
engagement, which are shaped by subjective experiences and cannot be fully understood through
quantitative measures alone. The interpretivist paradigm, therefore, ensures that the research
captures the complexities and nuances of financial viability in a manner that is both contextually

grounded and reflective of the varied perspectives of the stakeholders involved.
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3.2.2 Justification for the Philosophical Approach

The adoption of an interpretivist and subjectivist philosophical approach for this research
is driven by the need to deeply explore and understand the complex, context-specific nature of
financial viability in solar panel recycling. The research focuses on capturing the perspectives and
experiences of key stakeholders within the UAE’s solar energy sector, particularly as they
navigate the emerging and challenging landscape of recycling photovoltaic (PV) systems. This
approach is well-suited to addressing the research questions, which require an in-depth
examination of how different players within the industry perceive and construct their

understanding of financial feasibility, sustainability, and operational challenges.

The interpretivist paradigm is particularly appropriate because it prioritizes understanding
human experiences within their social contexts (Guinbayi & Sorm, 2018). In the case of solar panel
recycling, this is critical, as financial viability is not a fixed or universal concept; rather, it is subject
to the perceptions of various stakeholders who operate within distinct environmental, regulatory,
and economic frameworks. For instance, a recycling initiative may be financially viable from the
perspective of a policymaker focused on long-term environmental sustainability but might be seen
as less viable by a business leader facing immediate cost constraints. These divergent
perspectives are best captured through an interpretivist lens, which allows the research to explore
the subjective interpretations that stakeholders attach to financial feasibility (Nordqvist et al.,
2009).

The subjectivist aspect of this philosophical approach further supports the research by
acknowledging that the participants' beliefs, values, and experiences directly shape their
perceptions of the industry’s financial prospects. In this emerging field, there are no definitive
blueprints for success, making it crucial to understand how decision-makers create their own
frameworks of understanding based on their personal experiences and knowledge. The study,
therefore, does not seek to find objective, one-size-fits-all answers; instead, it aims to explore
how different stakeholders construct their realities based on the resources, information, and

contexts available to them.

This justification is further supported by the exploratory nature of the study, which seeks
to investigate an area that is still relatively under-researched (Ponelis, 2015). The UAE’s solar
panel recycling sector is in its nascent stages, and there is limited established knowledge about

the financial structures and models that would work best within this context. An interpretivist and



Page | 50

subjectivist approach enables the research to uncover new insights and patterns that might not
be immediately evident through a more rigid, positivist methodology. By focusing on the subjective
experiences of stakeholders, the research can illuminate the challenges, opportunities, and
decision-making processes that influence the financial viability of solar panel recycling in the UAE,

ultimately providing a richer, more nuanced understanding of the subject.

The adoption of an interpretivist and subjectivist philosophical approach has a profound
influence on the design and execution of the research methodology (Spencer et al., 2014). By
centring on the subjective interpretations and experiences of key stakeholders, this philosophical
paradigm shapes every stage of the research process, from data collection to analysis, ensuring
that the study captures the complex, context-dependent nature of financial viability in solar panel

recycling in the UAE.

Firstly, the qualitative nature of the methodology is a direct outcome of the interpretivist
paradigm. Qualitative methods, particularly semi-structured interviews, allow for a deep
exploration of individual perspectives (O'donoghue, 2006). These methods align well with the
interpretivist approach because they are open-ended, flexible, and responsive to the participants'
narratives. Semi-structured interviews offer participants the opportunity to express their thoughts,
feelings, and experiences in a way that cannot be captured through quantitative methods such as
surveys (Blandford, 2013). This data collection method ensures that the study is not constrained
by predefined categories or variables, but rather remains open to the emergence of new themes,
interpretations, and meanings as expressed by the participants themselves. Furthermore, the
case study design, another key component of the methodology, is informed by the subjectivist
approach. Case studies are particularly well-suited to interpretivist research because they allow
for the detailed examination of specific instances within a real-world context (Willis et al., 2007).
In this study, focusing on a small number of organizations involved in solar panel recycling allows
for a comprehensive and contextualized understanding of financial viability. By examining the
experiences of these companies in depth, the research can uncover the nuances of decision-
making processes, financial strategies, and the subjective meanings that participants attach to

their work.

The thematic analysis approach used in data analysis also reflects the influence of
interpretivism. This method involves identifying, analysing, and reporting patterns within the data,
but it goes beyond mere description by interpreting the underlying meanings and assumptions

behind participants' responses (Guest et al., 2012). The thematic analysis allows the researcher
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to draw connections between the subjective experiences of different stakeholders, highlighting
common challenges and opportunities while respecting the diversity of perspectives. This
interpretive process is central to understanding how financial viability is constructed and perceived
in different organizational contexts, and it reflects the subjectivist philosophy that underpins the
research (Riger & Sigurvinsdottir, 2016). Additionally, the sampling strategy employed in this
research is influenced by the interpretivist and subjectivist approach (Elliott & Timulak, 2005).
Rather than seeking a large, statistically representative sample, the study focuses on a stratified
non-random sample of 20 companies involved in solar panel recycling in the UAE. This targeted
sampling strategy ensures that the research captures the diversity of experiences and
perspectives within the industry, while remaining grounded in the real-world context of solar
energy recycling in the UAE. The sampling is purposive, selecting participants based on their
relevance to the study’s objectives, which is in line with the subjectivist emphasis on context-

specific knowledge.

3.3 Research Design and Strategy

This study adopted a qualitative, exploratory case study design to investigate the financial
viability of solar panel recycling in the UAE (Ponelis, 2015). The qualitative nature of the research
is appropriate given the complex and multifaceted issues surrounding solar panel recycling,
particularly as they relate to financial, environmental, and regulatory dimensions. Rather than
seeking to quantify specific variables, the qualitative approach allows for a deeper exploration of
the experiences, perceptions, and decision-making processes of key stakeholders involved in the
solar energy sector. This approach enabled the researcher to capture the nuanced perspectives
of company heads, policymakers, and industry experts, providing rich and contextual insights that
are crucial for understanding the emerging practice of solar panel recycling. The exploratory case
study design is particularly well-suited to this research due to the nascent state of solar panel
recycling in the UAE. Solar panel recycling is a relatively new industry, and there is limited existing
research or data available on its financial viability in this specific context. As a result, the
exploratory nature of the study allows the researcher to investigate uncharted territory and
generate new insights. Exploratory case studies are often used in situations where there is little
prior knowledge or theoretical grounding, making them ideal for pioneering research in emerging
fields like solar panel recycling (Ponelis, 2015). This design allows the researcher to gather
detailed information about the processes, challenges, and opportunities that define the industry
in the UAE.
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The case study approach also enabled the research to focus on real-world examples of
solar panel recycling, offering a holistic understanding of the phenomenon. By examining the
experiences of companies actively involved in recycling photovoltaic (PV) systems, the study can
provide an in-depth analysis of financial models, operational strategies, and the regulatory
environment. This approach allows for a contextualized understanding of financial viability that

accounts for the specific economic, environmental, and policy factors at play in the UAE.

The case study approach was selected for this research because it allowed for an in-depth
exploration of a specific, complex phenomenon - solar panel recycling - within its real-world
context. Case studies are particularly effective when the boundaries between the phenomenon
and the context are not clearly defined (Teegavarapu et al., 2008), as in the case of solar panel
recycling in the UAE, where financial viability is influenced by a wide range of economic,
regulatory, environmental, and technological factors. The case study approach enables the
researcher to study this complexity holistically, capturing both the internal dynamics of individual

companies and the external forces shaping the industry as a whole.

The rationale for choosing a case study approach lies in its ability to generate detailed,
context-rich data that is essential for understanding an emerging industry like solar panel recycling
(Johansson, 2007). Since this is a relatively new field, especially in the UAE, case studies provide
an opportunity to examine specific examples of companies engaging in recycling and to analyse
the operational strategies, financial models, and regulatory challenges they face. By focusing on
real-life cases, the research can uncover practical insights and patterns that may not be apparent

through other methodologies, such as surveys or experiments.

This research involved multiple case studies to ensure a comprehensive understanding of
solar panel recycling across different organizational contexts (Halkias et al., 2022). By studying
several companies within the UAE’s solar energy sector, the research can compare and contrast
different approaches to recycling, offering a broader perspective on financial viability. Multiple
case studies allow for cross-case analysis, which helps identify common themes and divergent
practices that contribute to the financial success or failure of recycling initiatives. This approach
also enhances the robustness of the findings by triangulating data across different sources and
contexts, reducing the potential for bias that might arise from focusing on a single case. The
decision to use multiple case studies reflects the complexity of the research questions, which
require an examination of diverse business models, financial strategies, and regulatory responses

within the UAE’s solar industry. By employing this approach, the research is able to provide a
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nuanced and well-rounded understanding of solar panel recycling’s financial viability, informed by

the experiences of multiple organizations within the sector.

3.3.1 Alternative Research Strategies

In the process of designing this study on the financial viability of solar panel recycling in
the UAE, several alternative research strategies were considered before selecting a qualitative,
exploratory case study approach. These alternatives included quantitative research, mixed
methods, and experimental designs, each of which offers specific advantages for certain types of
inquiries. However, upon careful consideration, these strategies were deemed less suitable for

this study's objectives, scope, and context, as outlined below.

. Quantitative Research: A quantitative research strategy was initially considered because
of its capacity to gather large-scale, measurable data, often yielding statistically
generalizable results. This approach is particularly effective for answering research
questions that involve clearly defined variables and testing hypotheses through numerical
data (Fryer et al., 2018). Quantitative methods could, for example, be used to survey a
large number of solar energy companies, generating numerical data on costs, profitability,
and financial indicators related to recycling efforts. However, this strategy was ultimately
not chosen because the research aims to explore the complex and multifaceted nature of
solar panel recycling, which is still an emerging industry in the UAE. The study focuses on
understanding the subjective experiences, perceptions, and decision-making processes
of stakeholders within this field, which cannot be adequately captured through predefined
variables and closed-ended survey questions (Kaplan, 2004). Quantitative methods, while
useful for measuring specific outcomes, lack the flexibility and depth required to explore
the contextual factors and nuanced perspectives that shape financial viability in an
evolving industry. Given the limited prior research on solar panel recycling in the UAE, a
qualitative approach allows for a deeper exploration of this under-researched area.

. Mixed Methods: Mixed methods research, which combines both qualitative and
quantitative approaches, was also considered as a potential strategy. This approach is
particularly beneficial when a study seeks to corroborate qualitative findings with
quantitative data or when both types of data are needed to answer different parts of the

research question (lvankova & Creswell, 2009). Mixed methods could have allowed for a
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comprehensive analysis by incorporating both in-depth interviews with key stakeholders
and large-scale surveys to measure trends and patterns across a broader population.
Despite these advantages, mixed methods were not chosen because they would require
a significantly broader scope than what is practical within the constraints of this study.
Mixed methods research demands extensive resources in terms of time, data collection,
and analysis, which could dilute the focus on the exploratory nature of the qualitative case
studies. Additionally, the current lack of established data on solar panel recycling in the
UAE suggests that the primary need is for rich, contextual insights rather than broad
generalizations, making a fully qualitative approach more appropriate for uncovering
detailed knowledge about this nascent industry.

Experimental Research: Experimental research was another alternative considered,
particularly for its ability to test hypotheses under controlled conditions and establish
causal relationships between variables (lvankova & Creswell, 2009). For example, an
experimental design could have been employed to compare the financial performance of
companies using different recycling technologies under controlled conditions. This method
could provide valuable insights into the direct impact of specific recycling practices on
financial outcomes. However, experimental research was deemed inappropriate for this
study because it requires a high level of control over variables and the environment, which
is not feasible in the context of solar panel recycling in the UAE. Solar panel recycling
involves complex, real-world conditions that cannot be easily replicated or manipulated in
an experimental setting. Moreover, the aim of this study is not to test pre-existing
hypotheses but to explore and understand the lived experiences and practices of
companies within the UAE’s solar energy sector. Therefore, the naturalistic and flexible
nature of case study research better suits the exploratory goals of this project.
Survey-Based Research: Survey-based research was also briefly considered as a
potential strategy, particularly for its ability to collect data from a wide range of participants
efficiently (Panacek, 2008). Surveys could have provided quantitative data on the
opinions, attitudes, and behaviours of companies involved in solar panel recycling.
However, as the objective of this study is to capture in-depth insights and explore complex
decision-making processes, surveys would not provide the depth of understanding
required. Surveys tend to impose fixed categories and limit the richness of participants’
responses, which is a significant drawback when trying to explore new, under-researched

phenomena like solar panel recycling in the UAE.
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3.4 Data Collection Methods
To explore the financial viability of solar panel recycling in the UAE, this research

employed a combination of qualitative interviews, case studies, and document analysis. These
methods were chosen to provide a comprehensive understanding of the various factors
influencing the industry, capturing the nuanced perspectives of stakeholders and grounding the

findings in real-world data.

3.4.1 Qualitative Interviews
Qualitative interviews are the primary data collection method for this study. Semi-

structured interviews were conducted with key stakeholders within the solar energy sector,
including business leaders, policymakers, and industry experts involved in recycling photovoltaic
(PV) systems. Semi-structured interviews allowed for both flexibility and depth, enabling the
researcher to probe participants’ experiences, opinions, and decision-making processes. This
method is particularly well-suited to the study’s exploratory nature, as it allows for open-ended
questions that encourage participants to express their views in their own words. The interviews
were designed to capture detailed insights into the financial, operational, and regulatory
challenges and opportunities associated with solar panel recycling, as well as the broader
economic and environmental implications. These interviews were conducted either in-person or

online, depending on the location and availability of the participants.

3.4.2 Case Studies
The use of case studies complemented the qualitative interviews by providing a context-

rich exploration of solar panel recycling within real-world settings. This research focused on
multiple case studies of companies actively involved in the UAE'’s solar panel recycling sector.
Each case study examines the specific financial models, strategies, and operational practices
employed by different organizations, allowing for comparative analysis across various contexts.
The case study approach helps ground the interview findings in specific examples of how
companies are addressing the challenges and opportunities of solar panel recycling. It also allows
the researcher to explore the decision-making processes within each company and how financial
viability is assessed in practice. Case studies offer a holistic view of the subject, taking into
account not only the internal dynamics of each organization but also the external factors such as
market conditions, policy frameworks, and technological advancements (Al-Mansour & Hussain,
2014).
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3.4.3 Document Analysis
Document analysis is another key data collection method used in this study (Wach &

Ward, 2013). Relevant documents, such as industry reports, government publications, policy
documents, and company financial records, were analysed to provide additional context and
validation for the interview and case study findings. Document analysis allows for the triangulation
of data, ensuring that the insights derived from interviews and case studies are corroborated by
existing data sources (Renz et al., 2018). This method also helps identify trends, policies, and
financial indicators that are relevant to the solar panel recycling industry in the UAE. Documents
are sourced from publicly available databases, government agencies, and company records, and
they are analysed in conjunction with the qualitative data to provide a more comprehensive
understanding of the financial and regulatory landscape.

The combination of qualitative interviews, case studies, and document analysis was
chosen as the primary data collection methods for this study due to their alignment with the
research questions, which focus on exploring the financial viability of solar panel recycling in the
UAE. Given that the research aims to examine the nuanced experiences, perspectives, and
decision-making processes of various stakeholders in a nascent industry, these methods are well-
suited to answering the research questions in a comprehensive and context-specific manner.

Qualitative Interviews were selected because they allow for an in-depth exploration of the
participants' subjective experiences and perceptions, which are central to understanding the
complexities of financial viability in an emerging sector like solar panel recycling. The research
questions focus on how key stakeholders - such as company heads, policymakers, and industry
experts - assess the financial feasibility of recycling operations. These are inherently subjective
evaluations that depend on factors such as market conditions, regulatory support, technological
advancements, and organizational strategies. Semi-structured interviews enable the researcher
to delve deeply into these aspects, probing participants’ motivations, concerns, and the specific
challenges they face. The flexibility of this method allows the interviewer to follow up on relevant
themes that emerge during the conversation, making it particularly effective for exploring new and
evolving fields.

The case study approach was chosen to provide a real-world context to the financial and
operational strategies used by companies engaged in solar panel recycling. The research
questions are not only concerned with theoretical perspectives but also with the practical realities
of how businesses navigate the financial landscape of recycling in the UAE. Case studies offer a
comprehensive view of the decision-making processes within specific organizations, helping to

answer questions related to which financial models work best, how companies measure success,
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and what external factors influence their financial viability. By focusing on multiple companies, the
case study approach allows for cross-case comparisons, providing insights into common
challenges and opportunities within the industry. This method complements the qualitative
interviews by grounding the insights in real-world examples, thereby enhancing the richness of
the data.

Finally, document analysis was selected to triangulate the data collected from interviews
and case studies, ensuring that the findings are validated by existing data and relevant literature.
Financial viability is often influenced by external factors such as government policies, market
trends, and industry reports, which are best captured through the analysis of documents. This
method helps to contextualize the interview and case study data within broader industry and
regulatory frameworks, providing a more comprehensive answer to the research questions. For
instance, understanding the impact of UAE government incentives on recycling initiatives or the
financial metrics used in company reports provides valuable insights into the economic feasibility

of solar panel recycling.

3.4.4 Interview Process
The interview process in this study is designed to gather in-depth insights from

stakeholders in the solar energy sector, particularly those directly involved in solar panel recycling.
These stakeholders include business leaders, industry experts, and policymakers who are
engaged with the financial and operational aspects of recycling photovoltaic (PV) systems in the
UAE. The primary goal of the interviews was to explore the perceived financial viability and
sustainability of recycling initiatives, capturing the diverse perspectives that influence decision-
making in this emerging industry.

The interview process begins with the development of an interview guide, which is tailored
to address the specific research questions of this study. The guide is designed with flexibility in
mind, using semi-structured questions that allow for open-ended responses (Qu & Dumay, 2011).
The questions were crafted to probe various aspects of financial viability, such as the costs and
benefits of recycling, the challenges companies face in implementing recycling processes, and
the role of government policies in supporting or hindering financial feasibility (see Appendix A).
For example, interviewees were asked about their experiences with operational costs, revenue
streams from recycled materials, and how they measure the financial success of their recycling
efforts.

The interview guide was developed through a combination of literature review and insights
gained from preliminary discussions with industry experts. This ensured that the questions were

both relevant to the context of solar panel recycling and comprehensive enough to capture the
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nuances of financial viability. The guide includes prompts for follow-up questions, allowing the
interviewer to explore unexpected but relevant topics that may arise during the conversation.

Recording procedures were implemented to ensure that the data collected during the
interviews was accurate and complete. All interviews were recorded using secure, password-
protected digital recording devices or via online platforms such as MS Teams, depending on the
interview’s location. Prior to the interview, participants were informed about the recording process
and consent was obtained in accordance with ethical guidelines (see Appendix B). Participants
had the option to stop the recording at any time if they felt uncomfortable. After the interviews, the
recordings were transcribed verbatim, and all data was securely stored on UCLan’s OneDrive,
which is encrypted and password-protected to ensure confidentiality. Transcripts were reviewed
and coded for themes relevant to the study’s research questions, which helps structure the data
for analysis.

The decision to use qualitative data in this study stems from the need to explore the
complex, context-specific nature of financial viability in solar panel recycling. Qualitative methods,
such as interviews and case studies, are particularly well-suited to understanding phenomena
that are deeply embedded in specific socio-economic and environmental contexts, where
numerical data alone cannot capture the full spectrum of influencing factors (Hennink et al., 2020).
In the case of solar panel recycling, the financial viability of such projects is shaped not only by
tangible factors like costs and revenue but also by intangible factors such as stakeholder
perceptions, regulatory environments, and the evolving sustainability agenda.

Financial viability, especially in an emerging industry like solar panel recycling, cannot be
fully understood through quantitative data alone. While numerical data can provide insight into
revenue, costs, and profitability, it does not explain how stakeholders interpret and respond to
these figures in light of broader economic and policy conditions. Qualitative data is necessary to
delve into the experiences, attitudes, and motivations that influence decision-making processes
within companies. For instance, understanding why a company might prioritize long-term
sustainability over immediate profitability requires an exploration of their values, goals, and
external pressures, which are best captured through qualitative inquiry.

Furthermore, the sustainability of solar panel recycling involves multiple dimensions
beyond financial performance. Stakeholders must consider environmental benefits, regulatory
compliance, and societal impact when determining whether recycling efforts are viable in the long
term. These considerations are often subjective and context-dependent, making qualitative data
essential for uncovering how sustainability is integrated into business strategies. For example,

qualitative interviews allow stakeholders to explain how they balance financial performance with
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their commitment to reducing environmental impact and how government policies either support
or hinder these efforts.

Using qualitative data also allows for flexibility in exploring emerging trends and
unexpected findings (Bryda & Costa, 2023). Since the industry is still evolving, rigid quantitative
measures may miss key developments or fail to capture new ways of thinking about financial
viability. Qualitative methods are better suited to an exploratory approach, enabling the
researcher to adapt to new insights as they emerge from the data (Hennink et al., 2020). For
instance, interviews may reveal that certain business models or technologies are proving more

financially viable than initially anticipated, providing a deeper understanding of the dynamics at
play.
3.5 Sampling Strategy and Participant Selection

The sampling method used in this study was stratified purposive sampling. This approach
is well-suited to the qualitative nature of the research and the specific focus on financial viability
in solar panel recycling within the UAE. Stratified purposive sampling is a non-random sampling
technique that involves dividing the population into specific subgroups (or strata) and purposefully
selecting participants from each subgroup based on their relevance to the research questions
(Nyimbili & Nyimbili, 2024). In this study, the population is stratified based on the participants'
involvement in solar panel recycling and their role within the solar energy sector in the UAE. This
ensures that the sample includes a diverse range of perspectives from individuals and companies
directly engaged with or affected by solar panel recycling.

The purpose of stratifying the sample is to capture variability in recycling practices,
financial models, and organizational strategies across different types of companies. The strata
include companies engaged in various stages of solar panel recycling (e.g., collection,
processing, and resale of materials), as well as policymakers and industry experts involved in the
regulatory and strategic aspects of recycling. By ensuring that key groups are represented,
stratified purposive sampling enhances the comprehensiveness of the data and helps capture the
nuances of financial viability in a heterogeneous industry (Campbell et al., 2020). This method
also aligns with the exploratory nature of the research, as it allows for the intentional selection of
participants who are most likely to provide rich, detailed insights into the financial challenges and
opportunities associated with solar panel recycling. Unlike random sampling, which seeks to
achieve statistical generalization, purposive sampling is designed to select participants who can
offer in-depth and context-specific knowledge that will help answer the research questions. This
targeted approach ensures that the study focuses on key actors who are directly involved in or

knowledgeable about solar panel recycling, thus providing data that is both relevant and insightful.
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The inclusion and exclusion criteria for participant selection are carefully defined to ensure
that only individuals and companies with direct experience or expertise in solar panel recycling
are included in the study. The primary inclusion criterion is direct involvement in the solar energy
sector, specifically within the context of solar panel recycling. This includes stakeholders such as
company executives, financial officers, operational managers, and policymakers who are
responsible for decisions related to the implementation, financing, and regulation of recycling
practices. Companies selected for participation must be actively engaged in one or more phases
of solar panel recycling, such as collection, disassembly, material recovery, or resale of recovered
materials.

In addition to company involvement, the study also includes policymakers and industry
experts who have significant knowledge of the regulatory and economic factors affecting solar
panel recycling in the UAE. Their perspectives are crucial for understanding how financial viability

is shaped by government policies, industry standards, and market conditions.

Exclusion criteria are applied to ensure the focus remains on individuals and organizations
that are directly relevant to the research questions. For example, companies that are only involved
in solar panel installation or energy production but have no active role in recycling processes are
excluded. Similarly, individuals without decision-making authority or substantial knowledge of the
financial aspects of recycling within their organization are also excluded, as they would not
provide the necessary depth of information needed for this study. By clearly defining these
inclusion and exclusion criteria, the sampling strategy ensures that the data collected is both
relevant and meaningful, contributing to a deeper understanding of the financial viability of solar
panel recycling in the UAE.

The sample size of 20 companies or participants was carefully chosen to strike a balance
between achieving depth and diversity of perspectives while maintaining the feasibility of the
research within the constraints of time and resources. In qualitative research, sample size is often
determined by the principle of data saturation, which refers to the point at which no new themes
or insights emerge from the data. Based on preliminary research and consultation with experts in
the field, 20 participants were estimated to be a sufficient number to capture the range of
experiences and perspectives relevant to the financial viability of solar panel recycling in the UAE.
This number allows for the exploration of varied business models, financial strategies, and
regulatory frameworks without overwhelming the data collection and analysis processes.

Besides, the selection of 20 participants ensures that the sample includes key

representatives from across the solar energy recycling value chain. By targeting participants from
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different sectors within the industry - such as recycling companies, policymakers, financial
officers, and industry experts - the study is able to capture the diverse and multifaceted nature of
financial viability in this emerging field. This relatively small, yet focused, sample size allows for
in-depth qualitative analysis, which is crucial for understanding the complexities of a new and
evolving industry like solar panel recycling.

While the sample size may appear small compared to quantitative studies, in qualitative
research, the goal is to achieve theoretical representativeness rather than statistical
representativeness. This means that the sample is designed to capture the range of experiences,
perspectives, and practices within the UAE's solar panel recycling sector rather than to represent
the entire population. The use of stratified purposive sampling ensures that key stakeholders from
different sub-sectors of the solar recycling industry are included, providing a more holistic
understanding of the industry’s financial landscape. Furthermore, triangulation - the use of
multiple data sources (qualitative interviews, case studies, and document analysis) - enhances
the validity of the research by cross-verifying the findings. By gathering data from multiple
perspectives and comparing insights across different participants, the research is able to build a
more robust and credible understanding of financial viability in the UAE's solar panel recycling

industry.

3.5.1 Limitations and Challenges Related to the Sampling Strategy
Despite the strengths of the chosen sampling strategy, there are several potential

limitations and challenges that must be acknowledged. One of the primary limitations is the non-
random nature of purposive sampling, which may introduce a degree of selection bias. Since
participants are selected based on their relevance to the research questions, there is a risk that
the sample may over-represent certain types of companies or perspectives while under-
representing others. For example, companies that are more established in the recycling sector or
that have stronger financial positions may be more likely to participate, potentially skewing the
findings towards more optimistic assessments of financial viability.

Another challenge is that data saturation may not be fully achieved within the sample size
of 20 participants, particularly given the diversity of stakeholders involved in the solar panel
recycling industry. Although 20 participants are expected to provide sufficient data for in-depth
analysis, the complexity and novelty of the topic may mean that important themes are left
unexplored. This is particularly true for an emerging field like solar panel recycling, where the
industry is still evolving, and new trends and challenges may continue to emerge beyond the
scope of the current study. Besides, the research may face logistical challenges in reaching and

recruiting a diverse sample of participants, especially given the nascent nature of the solar panel
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recycling industry in the UAE. Some companies may be hesitant to participate due to the
commercial sensitivity of their financial data, while others may lack the time or resources to
engage with the research. To mitigate these challenges, the study includes a robust recruitment

strategy involving clear communication of the research purpose and assurances of confidentiality.

3.6 Data Analysis
The data collected in this study was analysed using thematic analysis, a qualitative

research method that focuses on identifying, analysing, and interpreting patterns of meaning (or
"themes") within the data (Riger & Sigurvinsdottir, 2016). Thematic analysis was particularly
appropriate for this research due to its ability to uncover key insights related to the financial
viability of solar panel recycling in the UAE.

The first step in the analysis process involved data familiarization. The researcher
thoroughly read and re-read the interview transcripts, case study notes, and relevant documents
to immerse themselves in the data. This initial stage allowed for a deep understanding of the
content and facilitated the recognition of recurring patterns and themes. Once familiarized with
the data, the researcher moved on to coding, where significant segments of the data were
systematically labelled based on their relevance to the research questions. Codes were applied
to specific topics such as cost structures, revenue models, regulatory impacts, and sustainability
concerns. Following the coding process, the researcher grouped related codes into broader
themes. These themes encapsulated the key issues and concepts that emerged from the data,
such as challenges in implementing solar panel recycling, perceived benefits of recycling, and the
influence of government policies on financial feasibility. The themes were continually refined to
ensure that they accurately represented the data and provided meaningful insights into the
financial and operational dynamics of solar panel recycling in the UAE.

The final step involved interpreting the themes in relation to the research questions. The
researcher synthesized the findings into a coherent narrative that addressed the study’s
objectives. This thematic analysis allowed for the integration of insights across different data
sources, providing a comprehensive understanding of the financial viability and sustainability of
solar panel recycling in the UAE.

The process of analysing the qualitative data involved several structured steps to ensure
that meaningful themes were identified and developed, allowing the research to address the
financial viability of solar panel recycling in the UAE. The analysis followed the framework of
thematic analysis, providing a systematic approach to uncovering patterns in the data (Neuendorf,
2018).
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The analysis of the qualitative data in this study followed a detailed, structured process to
ensure that the information gathered was systematically interpreted and accurately reflected the
experiences of stakeholders in solar panel recycling in the UAE. This process began with the
organization and preparation of the data, which involved transcribing interviews, categorizing case
study materials, and compiling relevant documents. The researcher meticulously cleaned the
data, ensuring that transcripts were accurate, anonymized, and ready for systematic analysis.

As patterns emerged, the researcher began the process of theme development. Themes
were not only based on frequency but also on their relevance to the research questions. This
required ongoing interpretation, where the researcher evaluated how different codes interacted,
overlapped, or contrasted with each other. Themes such as regulatory influence, cost efficiency,
and market dynamics were refined through a process of thematic clustering—grouping together
related codes to build overarching categories that could provide deeper insight into the financial
viability of solar panel recycling in the UAE. Finally, the researcher started the process of theme
validation, where the researcher reviewed the themes in light of the research objectives, ensuring
that they adequately captured the depth and complexity of the participants’ insights. This step
was crucial for refining the overall narrative, allowing the themes to be used as a framework for
interpreting the study’s findings.

To conduct a thorough and systematic analysis of the qualitative data collected, NVivo
software was utilized throughout the research process. NVivo is widely regarded as one of the
most robust and versatile tools for qualitative data analysis, offering a comprehensive suite of
features that assist in organizing, coding, and analysing complex qualitative datasets (Feng &
Behar-Horenstein, 2019). Given the exploratory and thematic nature of the research, NVivo was
particularly suited to handling large volumes of interview transcripts, case study materials, and
documents in a structured and coherent manner.

One of NVivo’s most valuable features for this study was its ability to facilitate the coding
process. The software’s flexible coding system enabled the researcher to create and manage
codes efficiently, while simultaneously providing the functionality to modify, merge, or split codes
as needed (Allsop et al., 2022). This dynamic coding environment was crucial as the research
progressed, allowing the researcher to remain responsive to new insights that emerged from the
data. Furthermore, NVivo’'s search and query tools enabled the researcher to rapidly identify
patterns, compare coding across different cases, and assess the relationships between themes
and subthemes.

Another benefit of using NVivo was its visualization tools. Through the software’s ability to

generate visual models, charts, and maps, the researcher was able to better understand how
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different themes connected with one another. These visual aids were instrumental in helping the
researcher conceptualize complex relationships between themes, such as how financial
constraints interacted with regulatory incentives or how sustainability considerations influenced
decision-making processes. NVivo also provided cross-case comparison functionality, which
enabled the researcher to compare and contrast data across different companies and
stakeholders, highlighting the diversity of approaches within the solar panel recycling sector.

Finally, NVivo's capacity for data management and storage played a critical role in
maintaining the integrity of the research. With all transcripts, notes, and documents stored in a
centralized location, the researcher could easily access and cross-reference data during the
analysis. The software’s ability to handle multiple types of qualitative data—ranging from interview
transcripts to policy documents—allowed for seamless integration of various data sources,
ensuring a coherent analysis.

The use of NVivo and thematic analysis was specifically chosen due to its alignment with
the research’s qualitative, exploratory nature. Given that the primary aim of the research was to
investigate the financial viability of solar panel recycling in the UAE, a purely quantitative approach
would have failed to capture the rich, subjective experiences and insights of the key stakeholders
involved. Thematic analysis allowed for the identification of recurring patterns, trends, and
relationships, while NVivo provided the technical support to structure and analyse these insights
effectively.

NVivo’s coding capabilities were crucial for managing the large amount of qualitative data
generated by interviews, case studies, and document analysis (Elliott-Mainwaring, 2021).
Thematic analysis typically generates a large number of codes, and manually managing these
would have been inefficient and error-prone. NVivo's ability to systematically organize and retrieve
data allowed for a more accurate analysis, ensuring that all relevant themes were identified and
that data could be revisited and reanalysed as new patterns emerged. Additionally, the query
tools in NVivo supported a deeper interrogation of the data, helping to uncover connections
between seemingly disparate pieces of information. This is particularly important in exploratory
research, where the aim is to build a rich, nuanced understanding of the research problem.

The thematic analysis approach, supported by NVivo, was chosen because it provides a
balance between flexibility and structure. On one hand, it allows for the data to “speak for itself,”
without being constrained by predefined categories or assumptions. This is particularly important
in emerging industries like solar panel recycling, where there may be a lack of established theories
or frameworks to guide analysis. On the other hand, thematic analysis provides a structured

process for identifying, organizing, and interpreting themes, ensuring that the analysis is
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systematic and replicable. NVivo was essential in supporting this structured process by enabling
rigorous data management and ensuring that all stages of the analysis were carefully
documented.

The findings of the research were synthesized and interpreted through a multi-step
process aimed at answering the core research questions regarding the financial viability and
sustainability of solar panel recycling in the UAE. The thematic analysis allowed the researcher
to distil large amounts of qualitative data into key themes that directly addressed the research
objectives.

The first step in synthesizing the findings involved grouping the identified themes into
overarching categories that corresponded to the key dimensions of financial viability. These
categories included cost management, revenue generation, regulatory influence, technological
adoption, and sustainability impact. Each theme within these categories was closely examined to
ensure that it accurately represented the perspectives and experiences of the stakeholders
involved. For instance, within the theme of cost management, various subthemes related to
operational expenses, capital investments, and financial risks were identified and linked to the
broader financial context in which solar panel recycling operates in the UAE.

The next step involved integrating data from different sources. By cross-referencing
interview data with case study findings and document analysis, the researcher ensured that the
findings were not only based on individual perspectives but also grounded in broader industry
trends and policy frameworks. For example, while interviews with company executives highlighted
concerns about initial capital investments, document analysis revealed how government
subsidies and incentives could mitigate these concerns. This triangulation of data helped to
validate the findings and provided a more comprehensive picture of the factors influencing
financial viability.

After synthesizing the themes, the researcher engaged in a process of interpretation. This
involved connecting the identified themes back to the research questions and placing them within
the broader context of the UAE’s renewable energy sector. The interpretation phase was guided
by the research objectives, particularly the focus on understanding how financial viability was
perceived by different stakeholders and how it could be enhanced through policy interventions,
technological innovations, and improved business models. For example, the theme of regulatory
influence was interpreted in terms of its potential to either support or hinder the development of
solar panel recycling, depending on how policies were implemented and enforced.

Finally, the findings were contextualized within the existing literature on solar panel

recycling and sustainability. This helped to identify areas where the research confirmed or
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contradicted previous studies, as well as highlighting new contributions to the field. The synthesis
of findings allowed the researcher to provide actionable recommendations for industry
stakeholders and policymakers on improving the financial viability of solar panel recycling in the
UAE.

3.7 Coding Procedure
In this research, the open coding process was initiated to systematically break down,

examine, and categorize interview data to identify significant themes and patterns. The researcher
conducted interviews that were recorded using an iPhone, ensuring the removal of any personal
identifiers, such as the interviewee's name and company, to maintain anonymity. Each interview
was transcribed in a chronological sequence, with any filler words removed to facilitate a more

coherent understanding of the content.

The transcriptions were printed out, and the researcher employed a line-by-line coding
technique to generate initial open codes. This step involved examining each line for concepts and
breaking the data into discrete parts, which were then labeled with appropriate codes. Bryman
(2012) emphasizes the need for prompt initiation of the coding process to retain the essence of
the content, allowing the researcher to familiarize themselves with the data deeply. The transcripts
were reviewed iteratively to ensure that every nuance was captured accurately, and new codes

could emerge.

3.7.1 Open Coding
Some open codes were also derived directly from the interview guide, which structured

the interviews under different headings. This use of predefined codes provided a foundation for
identifying recurring themes across the data set. The researcher also generated new codes that

emerged during the analysis, ensuring a comprehensive exploration of the data.

The researcher undertook the open coding process concurrently with the interviews being
conducted, which allowed for a continuous feedback loop where emerging insights informed

subsequent interviews. Table 1 presents an example of the open codes that were generated,

demonstrating how concepts such as "business ownership," "record keeping," "accounting
practices," and "challenges faced" were systematically identified. This stage was crucial in laying
the groundwork for subsequent axial and selective coding phases, which aimed to build
connections between identified categories and develop a cohesive narrative from the data

(Bryman, 2012).
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Open Code

Description

Example from Data

Solar Panel Waste

Recycling
Infrastructure

Financial Viability

Regulatory
Challenges

Stakeholder

Engagement

Environmental Impact

Technological
Advancements

Cost Barriers

Market Opportunities

Circular Economy
Alignment

Public Awareness

Insights into the volume and
characteristics of waste generated
by end-of-life solar panels

Availability and adequacy of existing
facilities and technologies for
recycling solar panels

Assessment of costs, revenue
potential, and market dynamics of
recycling operations

Issues with existing policies, legal
frameworks, and compliance
requirements

Participation and perspectives of key
stakeholders, including government,
industry, and NGOs

Effects of improper disposal or
inadequate recycling on the
environment

Innovations in recycling methods,
such as chemical, thermal, or
mechanical processes

Economic obstacles to establishing
recycling facilities

Potential economic benefits of
recycling, such as material recovery
and job creation

Role of recycling in promoting
sustainable practices and resource
conservation

Awareness levels among consumers
and businesses regarding solar
panel recycling

"The UAE generates
increasing volumes of PV
panel waste annually, with
limited disposal options."
"Current recycling facilities are
insufficient to handle the
projected waste volumes."
"The initial setup costs are
high, but recovered materials
like silicon and silver hold
significant value."

"There are no clear policies
mandating the recycling of
photovoltaic panels.”

"Utility companies are
interested but lack the
necessary partnerships to
scale recycling initiatives."
"Improper disposal leads to
leaching of hazardous
materials like cadmium into
the soil."

"New chemical recycling
techniques are making it
easier to recover high-purity
silicon."

"Recycling is more expensive
than disposal, making it a less
attractive option for
companies."

"Recovered aluminium and
glass could supply local
manufacturing industries."
"Recycling supports a circular
economy by reducing the
need for raw material
extraction."

"Many businesses are
unaware of the need for
recycling PV panels after
decommissioning."

3.7.2 Axial Coding

Axial coding is about determining the relationships and patterns among the categories and

subcategories. By doing so, the researcher can establish cause and effect linkages, identify the
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conditions under which certain behaviors occur, and highlight broader themes within the data
(Bryman, 2012). This systematic organization and refinement of categories form the groundwork
for subsequent selective coding, where a core category is identified, and the relationships
between categories are further developed to build a cohesive theoretical framework. The axial
coding process is thus crucial in transforming raw data into a structured narrative that offers

meaningful insights into the research questions being addressed.

The table below (Table 2) provides an example of axial coding, demonstrating how open
codes are organized into categories and subcategories, thus illustrating the transition from
descriptive codes to higher-level analytical constructs that contribute to the overall understanding

of the research context.

Table 2: (Bryman, 2012).

Open Code Category Subcategory Description
Lack of accounting Accounting Lack of Challenges related to
knowledge Challenges Expertise insufficient accounting
skills
Time constraints Accounting Time Difficulties in managing
Challenges Management time for accounting
practices

Manual record keeping Accounting Practices Manual Methods Record-keeping
approaches that rely on
manual systems

Use of Excel sheets Accounting Practices  Digital Methods  Utilization of simple
digital tools for record-
keeping

Family involvement Business Ownership  Ownership Type Family-operated or
family-owned business
structures

Sole proprietorship Business Ownership  Ownership Type Businesses owned and
run by a single individual

3.7.3 Selective Coding
Selective coding involves integrating and refining the categories identified during axial

coding to establish a core category or central theme that represents the primary focus of the
study. This core category serves as the foundation that unites all other categories and
subcategories, forming a cohesive framework that comprehensively addresses the research
questions (Bryman, 2012). During this stage, the researcher seeks to identify the core category
by evaluating which theme or concept is most central to the phenomenon under study, ensuring

that it captures the essence of the data and is able to encompass the main findings. The core
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category is chosen based on its relevance and ability to integrate all the themes that emerged
during axial coding, effectively summarizing the relationships, interactions, and conditions that
underpin the data. The identification of the core category helps in constructing a meaningful
storyline that provides a holistic understanding of the research context and leads towards

developing a theory that captures the overall essence of the study.

Following the identification of the core category, the next step is to establish the
relationships between the core category and the other categories and subcategories. This
involves analyzing how these categories relate to or interact with the core category and exploring
the conditions under which these interactions take place. The goal is to refine the framework by
linking all relevant categories in a way that presents a unified narrative or theory. This step is
fundamental in transforming the open and axial codes into a structured theoretical narrative that
contributes significantly to understanding the research problem in a comprehensive manner. The
table below (Table 3.13) presents an example of selective coding, demonstrating how the
categories and subcategories are linked to the core category, thus forming an integrated

framework.

Table 3: Selective Coding

Core Category Category Subcategory Description

Accounting Accounting Manual Challenges related to

Challenges Practices Methods maintaining accounting
manually

Accounting Accounting Digital Methods Issues related to transitioning

Challenges Practices to or using digital accounting
tools

Accounting Business Ownership Influence of business

Challenges Ownership Type ownership type on accounting
practices

Accounting Time Time Impact of time constraints on

Challenges Management Constraints effective accounting record-
keeping

Accounting Lack of Expertise ~ Accounting Challenges linked to limited

Challenges Skills accounting knowledge or
training

3.8 Ethical Considerations
Ethical considerations are central to conducting research responsibly, especially in a

qualitative study involving participants from various professional backgrounds, such as this
investigation into the financial viability of solar panel recycling in the UAE (Munhall, 1988). The

research engaged business leaders, policymakers, and industry experts who provided sensitive
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insights related to operational and financial practices. As such, handling these ethical concerns
with care was paramount to safeguarding participant well-being, maintaining confidentiality, and
ensuring compliance with institutional and national regulations.

One of the primary ethical concerns in this study was the handling of sensitive financial
data. The participants, many of whom were in decision-making positions within their respective
companies, shared financial details that could potentially impact their business operations if
misused or disclosed improperly. To address this concern, confidentiality was strictly upheld
throughout the research process. All interviews and case studies were conducted with full
awareness of the sensitive nature of the data being provided, and participants were assured that
their personal identities and company information would remain anonymous in the final research
outputs. Pseudonymization was employed to ensure that no individual participant or organization
could be directly linked to specific financial data or statements within the published results.

Data security was another critical ethical issue, particularly given the remote nature of the
research, with many interviews conducted online due to logistical constraints in the UAE. In order
to protect the privacy and security of the data, all interview recordings and transcripts were stored
on UCLan's OneDrive, a secure, password-protected platform. Additionally, the data was
encrypted during storage and transmission, ensuring that unauthorized access was prevented.
Physical documents, such as written consent forms, were kept in a locked cabinet, accessible
only to the researcher. Digital files were similarly protected with encryption and access control
measures. Data would be retained for a period of seven years, as required by institutional policy,
after which it would be securely destroyed.

The research also required careful management of informed consent, a cornerstone of
ethical qualitative research. Prior to participating, each individual was provided with a Participant
Information Sheet outlining the purpose of the study, what participation entailed, and how their
data would be used and protected. The process of obtaining informed consent was conducted
both verbally and in writing. Participants were given the opportunity to ask questions and seek
clarifications before providing their consent. Consent forms were signed electronically or in
person, depending on the nature of the interaction, and participants were informed of their right
to withdraw from the study at any point before or during the interview process. Once the interview
was recorded and finalized, withdrawal of consent for that data was no longer possible, and this
was clearly communicated in the consent process.

To minimize potential discomfort, particularly when discussing sensitive financial matters,
participants were informed that they had the right to decline answering any questions they found

uncomfortable. The interviews were conducted with a degree of flexibility, allowing participants to
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share information they were comfortable disclosing. In some instances, questions were shared
with participants in advance of the interview, particularly when the discussion involved detailed
financial data, allowing them to prepare accurate and secure responses.

Data security was further strengthened by adhering to the General Data Protection
Regulation (GDPR) and other applicable data protection laws in the UAE. GDPR compliance was
ensured by following strict protocols for handling personal data, ensuring participants’ rights to
access, correct, or delete their personal data if they wished. These protocols were reinforced in
both the consent forms and participant information sheets, where participants were informed
about the nature of the data being collected, how it would be processed, and their rights under
GDPR. In the UAE context, data privacy laws also apply, and the research respected the UAE’s
Federal Law No. 2 of 2019 concerning the use and storage of personal data (UAE, 2024a). Both
GDPR and UAE laws aim to ensure that individuals have control over their personal data and that
organizations handling such data do so with the utmost security and transparency.

Besides, the study adhered to UCLan’s ethical guidelines for research involving human
participants. The project received approval from the university’s ethics review board, which
evaluated the study for compliance with institutional standards regarding the protection of
participants and the responsible handling of data (See appendix C). The Ethics Application clearly
outlined the procedures in place to mitigate risks related to confidentiality, consent, and data
security, ensuring that the research complied with both university and external ethical standards.

In line with these guidelines, the researcher remained transparent with participants
throughout the data collection process, ensuring that they were fully informed about their
involvement and how their contributions would be used. Furthermore, the researcher committed
to maintaining a respectful and professional rapport with participants, fostering an environment in

which they felt comfortable sharing their insights.

3.9 Limitations of the Methodology
While the research methodology adopted for this study is robust and well-suited to

exploring the financial viability of solar panel recycling in the UAE, it is important to acknowledge
certain limitations that may impact the findings and their generalizability. These limitations stem
from the nature of the research design, data collection methods, and the specific context within
which the study was conducted.

One of the primary limitations is the qualitative nature of the research, which, while
providing deep insights into the experiences and perspectives of stakeholders, does not allow for
statistical generalization. The study’s findings are context-specific, reflecting the unique

challenges and opportunities of solar panel recycling in the UAE. As such, the insights gained
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from this research may not be directly applicable to other regions or industries. The small sample
size of 20 participants, though sufficient for achieving data saturation in a qualitative study, further
limits the extent to which the findings can be generalized. The selected sample was purposefully
chosen to represent key stakeholders in the UAE’s solar panel recycling industry, but it may not
capture the full diversity of perspectives within the broader renewable energy sector.

Another limitation is related to the potential biases inherent in the data collection process.
The reliance on semi-structured interviews as the primary data collection method introduces the
possibility of response bias, where participants may have provided answers, they believed were
socially desirable or aligned with the perceived objectives of the research. Additionally, the
researcher’s own interpretations during thematic analysis could introduce researcher bias,
despite efforts to mitigate this through systematic coding and cross-case comparisons. While
qualitative analysis tools like NVivo were used to manage and analyse the data systematically,
the subjective nature of qualitative research means that findings are always influenced to some
extent by the researcher’s perspective.

The remote nature of some of the data collection, particularly the interviews conducted
online, also presents limitations. While remote interviews allowed for greater flexibility and
accessibility, they may have restricted the depth of interaction and rapport-building that can be
more easily achieved in face-to-face settings. Technical issues, such as poor internet connectivity,
could also have affected the flow of conversation, potentially limiting the richness of the data
collected.

Finally, the focus on financial viability might have led to the underrepresentation of other
important factors, such as environmental impacts, social implications, or broader sustainability
considerations. While these aspects were considered in the study, the primary focus on financial
aspects means that other dimensions of solar panel recycling might not have been explored in as
much depth. Future research could address this by adopting a more holistic approach that

integrates financial, environmental, and social dimensions of sustainability.

3.10 Chapter Summary
In Chapter Three, the methodology employed for this doctoral research is

comprehensively outlined, detailing the systematic procedures used to explore the financial
viability of solar panel recycling in the UAE. The chapter begins by explaining the selection of a
qualitative research approach, emphasizing the appropriateness of a case study design grounded
in an interpretivist and subjectivist paradigm. This approach was chosen to understand the

subjective experiences of stakeholders and the complex, context-specific factors that shape the
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emerging industry of solar panel recycling. The research draws on data collected from qualitative
interviews, case studies, and document analysis, each of which contributes to capturing a holistic
understanding of the financial, regulatory, and technological factors at play.

The research design is centered around studying 20 partner organizations from the UAE’s
solar energy sector, allowing for an in-depth examination of their experiences, practices, and
perceptions. Data were primarily gathered through semi-structured interviews with key
stakeholders such as company leaders, policymakers, and technical experts, supplemented by
document analysis and multiple case studies to validate findings. Thematic analysis was applied
to identify key themes across the collected data, providing insights into the opportunities and
challenges of solar panel recycling within the UAE's unique environmental and economic context.
By leveraging qualitative techniques, this chapter highlights the interconnected nature of financial
viability, technological challenges, and regulatory frameworks, forming the basis for

understanding the pathways to establishing a sustainable recycling industry in the region.
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CHAPTER FOUR: RESULTS ANALYSIS
4.1 Introduction
This chapter dives into the world of solar panel recycling in the UAE. We gathered data
through in-depth interviews with key players in the industry and government. With the UAE’s big
plans for solar energy, understanding the challenges and opportunities around recycling is super

important for making sure we have a sustainable future.

We used a special method called qualitative analysis to explore these complex issues.
We had semi-structured interviews with government officials, industry experts, and environmental
advocates. This way, we could get a deep dive into what they think about the current state of

things, the challenges they’re facing, whether it's making money, and what policies they need.

We used NVivo software to analyse the interview transcripts. We followed a six-step
process to find patterns and themes. This helped us understand the factors that are influencing
solar panel recycling in the UAE. Some of the key themes we found include gaps in infrastructure,
challenges with regulations, financial barriers, and potential in the market. These themes are

crucial to understanding the dynamics of solar panel recycling in the UAE.

Secondary data from industry reports, including analyses of the Middle East and Africa
solar panel recycling market and global trends from countries like Germany and China, were
incorporated to contextualize interview findings and provide a broader perspective. This additional
data enhances the reliability of insights drawn from interview responses, providing a foundation

for comprehensive analysis. The main objectives of this research were:

1. To investigate the current status of recycling waste from solar panels in the UAE

2. To analyse the environmental and economic benefits of recycling waste from solar panels
in the UAE

3. To assess the financial implications of building a recycling waste factory for solar panels
in the UAE

4. To identify the challenges and opportunities of establishing a recycling waste factory for

solar panels in the UAE.

Achieving these objectives provides a comprehensive overview of the feasibility and

importance of solar panel recycling in the UAE. As the UAE continues to lead the region in solar
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energy adoption, addressing end-of-life management of solar panels is crucial for maintaining the
environmental and economic sustainability of its renewable energy strategy.

This chapter is organized like this: first, after this intro, we’ll give you a quick rundown of the
current state of solar panel recycling in the UAE. We'll use both interviews and secondary
research to do this. Next, we’ll dive into the challenges that are holding back the development of
a recycling industry, like infrastructure limitations, high recycling costs, and regulatory gaps. Then,
we’ll explore the growth opportunities in the sector, especially the possibility of the UAE becoming
a regional hub for solar panel recycling, as some of the people we talked to suggested. Finally,
we’ll take a look at how financially viable solar panel recycling is in the UAE, using market data
and insights from stakeholders on profitability and resource recovery potential.

The thematic analysis uncovered several key themes in this chapter. We talked about the
current state of solar panel recycling in the UAE, the challenges with infrastructure and finance,
the chances for recycled materials in the market, and how government policies and international
cooperation can boost the industry. By looking at these themes, this chapter helps us understand
the research goals, giving us a glimpse into the economic, environmental, and policy aspects of

solar panel recycling.
4.1.1 Pre-coding Stage: Data Familiarization

In the thematic analysis, data familiarization is crucial for gaining an in-depth
understanding of the qualitative material collected through interviews. This involved immersing in
the data by reading and re-reading the transcripts from interviews conducted with stakeholders in
the solar panel recycling sector, including government officials, industry experts, and sustainability
advocates. The purpose of this stage was to become intimately acquainted with the content, tone,
and context of each interview to develop a solid foundation for identifying key themes later in the

analysis.

Following the transcription, all interview data was uploaded into NVivo software, which
facilitated a structured approach to organizing and analysing qualitative data. Through NVivo,
each transcript was reviewed line-by-line to capture initial impressions, patterns, and recurrent
ideas. This process allowed for the identification of meaningful quotes and frequent terms
associated with key topics, such as infrastructure needs, policy gaps, economic barriers, and
technological opportunities. Reading through the transcripts multiple times enabled a deeper
understanding of the participants' perspectives on the challenges and potential of solar panel

recycling in the UAE.
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A preliminary analysis using NVivo’s word cloud feature provided a visual representation
of the most common terms and concepts, illustrating the frequency of certain words in the data
(see Figure 1). High-frequency terms such as “sustainability,” “solar,” “energy,” “recycling,”
“infrastructure,” and “financial” highlighted the critical areas of focus for stakeholders. This
visualization helped refine the thematic coding framework by emphasizing key topics that
warranted further exploration in subsequent stages of analysis. By thoroughly engaging with the
data at this pre-coding stage, the foundation was set for a comprehensive thematic analysis that

systematically uncovered the underlying themes presented in the following sections.
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Figure 1: Word cloud

adoption and solar panel waste management in the UAE. It highlights five key themes: Renewable
Energy Adoption, Solar Energy Expansion and Waste Challenges, Solar Panel Waste
Management and Recycling, Circular Economy and Sustainability Goals, and Policy and Financial
Feasibility. Each theme has associated sub-themes, such as "Economic Drivers" for renewable
energy, "Waste Generation" for solar energy expansion, and "Opportunities" for waste

management and recycling. The arrows illustrate the relationships between themes, emphasizing
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the complex interplay between economic, environmental, and policy-driven aspects of solar

energy development.

For example, "Policy and Financial Feasibility" not only dictates the expansion of solar
energy infrastructure but also establishes the foundational framework for managing the resultant
waste streams through recycling initiatives. These interconnections highlight how policies and
economic frameworks serve as pivotal drivers that shape both the technical and operational
dimensions of renewable energy systems. Specifically, the establishment of supportive financial
mechanisms and regulatory policies directly influences the scale and pace of solar energy
adoption, while simultaneously guiding the design and implementation of recycling systems for
end-of-life solar panels. In turn, these measures impact broader sustainability objectives by
fostering a circular economy, reducing environmental impacts, and enhancing the economic
viability of renewable energy projects. By integrating these dimensions, the thematic map
underscores the intricate feedback loops between policy, financial feasibility, environmental
sustainability, and economic outcomes, providing a holistic perspective on the challenges and

opportunities associated with solar energy development in the UAE.
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Thematic Map for Solar Energy Adoption and Waste Management in UAE
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4.1.2 Characteristics of Interview Participants

A total of twelve participants were interviewed for this study, selected to represent various
sectors involved in or affected by solar panel recycling in the UAE, including government officials,
industry experts, and sustainability advocates. Although the study initially aimed to interview 20
participants across identified partner organizations, only twelve were able to participate due to
several constraints. Primarily, the accessibility of certain target organizations and the availability
of suitable respondents limited the participant pool. Some companies had restricted access to
personnel involved in recycling projects, impacting the reach of potential interviews. Furthermore,

the solar panel recycling industry in the UAE is still in developmental stages, leading to limited
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personnel with direct experience in the field. Despite these challenges, the twelve participants

offered a well-rounded perspective on the financial viability and regulatory landscape of solar

panel recycling in the UAE, allowing for an in-depth understanding aligned with the study's

objectives. Table 1 below provides an overview of the main characteristics of the interview

participants.

Table 4: Interview participants characteristics

Interview
#

Participant
Role/Position

Description

Function of the
Organization

1

Government Policy
Advisor

Senior advisor from the Ministry
of Energy and Infrastructure,
responsible for shaping
renewable energy policy and
supporting sustainability
initiatives in the UAE.

Policy formulation and
governance

Industry
Representative
(Masdar)

Manager at Masdar, involved in
renewable energy project
planning, who offered insights
into infrastructure needs and
recycling challenges in the solar
sector.

Renewable energy
development and
projects

DEWA Official

Representative from the Dubai
Electricity and Water Authority
(DEWA), who discussed the
regulatory and logistical
challenges facing solar panel
recycling in the UAE.

Energy utility and
distribution

Environmental
Advocate

Advocate from the Emirates
Environmental Group, focused
on promoting sustainable
practices and the environmental
impacts of solar panel waste in
the region.

Environmental
conservation

Sustainability
Consultant

Consultant specializing in
sustainability practices, with
expertise in advising companies
on sustainable development and
renewable energy transition
strategies.

Corporate sustainability
consulting

Academic
Researcher
(Renewable Energy)

Professor from a local university
specializing in renewable energy
technologies, who provided
perspectives on technological
needs and future innovation in
PV recycling.

Academic research and
education




Project Manager
(Solar Panel
Manufacturer)

Manager from a solar panel
manufacturing company,
offering insights into the lifecycle
of panels and the potential for
integrating recycled materials in
production.
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Solar panel
manufacturing

Economic Analyst
(Renewable Energy)

Analyst focusing on the
economic aspects of renewable
energy, who discussed the
financial viability and potential
market for recycled PV
materials.

Economic analysis and
forecasting

Legal Expert
(Environmental Law)

Lawyer specializing in
environmental law, offering
insights into current regulatory
gaps and the need for a legal
framework specific to solar
panel recycling.

Legal compliance and
policy advising

10

Supply Chain
Manager (Recycling
Industry)

Manager overseeing logistics
and materials managementin a
local recycling firm, who
discussed the logistical
challenges of collecting and
transporting end-of-life panels.

Recycling industry
logistics

11

Representative (Local
Utility Company)

Representative from a utility
company responsible for
handling waste management,
discussing existing waste
infrastructure and the limitations
of current systems.

Waste management and
infrastructure

12

Technology Provider
(Recycling Solutions)

Representative from an
international company
specializing in recycling
technology, who offered insights
into advanced recycling
processes and equipment for
PV modules.

Technology development
and innovation

4.1.3 Emergent Themes

A total of five main themes and two sub-themes were generated through thematic

analysis, following Braun and Clarke’s (2006) six-phase framework. These themes capture the

key issues, challenges, and opportunities surrounding solar panel recycling in the UAE as

identified by stakeholders in government, industry, and sustainability advocacy (table 2).




Table 5: Emerging themes
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Main Themes

Description

1. Infrastructural Gaps

The absence of dedicated solar panel recycling facilities and
supporting infrastructure has been a primary challenge,
limiting the UAE's capacity to manage solar waste.

- Collection and Logistics
(sub-theme)

The logistical difficulties in collecting and transporting end-of-
life solar panels, especially from remote installations, were
highlighted as key operational challenges.

2. Regulatory and Policy
Deficiencies

Stakeholders identified a lack of clear regulatory frameworks
for solar panel recycling, emphasizing the need for policies

mandating recycling practices and defining industry
standards.

3. Financial and Economic
Barriers

High costs of establishing and operating recycling facilities,
along with uncertain market demand for recycled materials,
create economic challenges for potential investors in the
recycling sector.

4. Market Potential for
Recycled Materials

The economic potential of recovered materials such as
silicon, aluminium, and copper were acknowledged, but the
development of a stable market for these materials was seen
as critical for the industry’s growth and profitability.

5. Public and Industry
Awareness

A limited awareness of the importance of solar panel
recycling among both the public and industry stakeholders
was noted, with suggestions for awareness campaigns to
foster a culture of sustainable waste management.

- Education and Engagement
(sub-theme)

Enhanced public education and industry engagement are
needed to increase awareness of the environmental and
economic benefits of recycling, making it a priority across the
renewable energy sector.

4.2 Findings and Analysis

The UAE has established itself as a global leader in the transition toward renewable
energy, with solar energy being one of the cornerstones of its sustainability strategy. Ambitious
projects, such as the Mohammed bin Rashid Al Maktoum Solar Park and the integration of solar
energy into Masdar City, showcase the country’s commitment to reducing its reliance on fossil
fuels and achieving its Energy Strategy 2050 goals. However, as the solar energy sector
continues to grow, the issue of solar panel recycling is emerging as a critical concern for
policymakers, industry stakeholders, and environmental advocates. Solar panels, which have an
average lifespan of 25 to 30 years, eventually reach the end of their life cycle, creating significant
volumes of waste. Without proper recycling processes, these discarded panels could present

serious environmental and economic challenges.

Solar energy is a vital component of the UAE’s future energy mix, with plans to increase

solar power capacity significantly over the next decade. However, as the solar industry grows, so
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does the need for sustainable end-of-life management of solar panels. This is particularly crucial
given the materials used in solar panels, such as silicon, aluminium, and cadmium, which, if not
properly recycled, could lead to environmental contamination. Furthermore, the recovery of
valuable materials like silver and copper through recycling could contribute to resource

conservation, reducing the need for new raw material extraction.

The UAE's solar panel recycling industry, though still in its infancy, has the potential to
contribute significantly to the nation’s circular economy model. This concept emphasizes the
importance of recycling and reusing materials to minimize waste and maximize resource
efficiency, aligning with the UAE’s broader sustainability objectives, such as UAE Vision 2021 and
the Energy Strategy 2050. Establishing a solar panel recycling infrastructure would also support
the nation’s net-zero emissions target by 2050, ensuring that the expansion of solar energy does

not inadvertently lead to increased environmental waste.

4.3 Current Status of Solar Panel Recycling in the UAE

Driven by ambitious sustainability targets outlined in the UAE Energy Strategy 2050, the
country has made significant investments in renewable energy projects, with solar power playing
a pivotal role. The strategy aims to increase the contribution of clean energy to 50% of the total
energy mix by 2050 while reducing the carbon footprint of power generation by 70%. This shift
towards solar energy is not only environmentally driven but is also seen as a vital component in
achieving energy diversification and ensuring energy security for future generations (Mordor
Intelligence, 2024; Research and Markets, 2024).

Among the flagship projects in the UAE’s solar energy expansion is the Mohammed bin Rashid
Al Maktoum Solar Park, which is the largest single-site solar park in the world. Located in Dubai,
the solar park is expected to generate 5,000 MW of solar power by 2030, significantly contributing
to the UAE'’s clean energy targets. Similarly, Masdar City, a pioneering green urban development
in Abu Dhabi, has integrated solar energy as a core part of its sustainability initiatives. Masdar
City showcases the potential of solar power in urban environments and emphasizes the UAE’s
commitment to becoming a global hub for renewable energy and clean technologies (ISA, 2024;
Ismael, 2023).

As these large-scale projects continue to expand, the recycling of solar panels is becoming
increasingly relevant. Solar panels typically have a lifespan of 25 to 30 years, and as the UAE’s

installations mature, the country will begin facing the challenge of end-of-life management for
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photovoltaic (PV) modules. Without a proper recycling infrastructure, these panels could
contribute to a significant waste problem, undermining the environmental benefits of solar energy.
Hence, integrating solar panel recycling into the broader strategy for sustainable energy
development is essential for maintaining the UAE’s leadership in both renewable energy and

environmental stewardship (Mordor Intelligence, 2024; Research and Markets, 2024).

As the UAE continues to expand its solar energy capacity, the issue of end-of-life management
for solar panels is becoming a critical challenge. Solar panels have a typical lifespan of 25 to 30
years, and with the large-scale installations seen in the early 2000s now reaching maturity, the
country is expected to face a growing volume of solar panel waste in the coming years. The sheer
scale of these early projects, such as those in Masdar City and the Mohammed bin Rashid Al
Maktoum Solar Park, means that the waste generated could be substantial if appropriate recycling

systems are not established (Research and Markets, 2024).

Stakeholders from both government and industry have voiced significant concerns over the
lack of infrastructure to handle the disposal and recycling of aging photovoltaic (PV) modules. In
interviews, government officials, including representatives from the Ministry of Energy and
Infrastructure, emphasized that while solar energy is essential to the UAE’s renewable energy
goals, the absence of recycling policies is becoming a serious issue. One official stated, “We are
committed to expanding solar energy, but without proper recycling regulations, we risk creating a
new environmental challenge. We need policies in place now to avoid this becoming a bigger

problem in the future.”

Industry experts from Masdar echoed these concerns. A senior representative from the
organization remarked, “The sheer volume of solar panels being deployed means that we will
soon face significant amounts of waste. If we do not address this now, it could undermine our
sustainability efforts.” This increasing volume of end-of-life solar panels presents both an
environmental and economic challenge, which stakeholders agree must be tackled through

proactive policy and infrastructure development.

Projections from recent studies indicate that the UAE could see thousands of tons of solar
panel waste over the next decade as installations approach the end of their life cycle. According
to market reports, the region could experience a significant surge in solar panel waste by 2030,
requiring urgent investment in recycling infrastructure to mitigate the environmental impact

(Research and Markets, 2024). This projected growth underscores the need for a comprehensive
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recycling framework, ensuring that the UAE’s push towards clean energy does not result in
unintended environmental consequences. Establishing a recycling industry is therefore crucial for

managing future waste and aligning with the nation’s long-term sustainability objectives.

The lack of dedicated recycling facilities for photovoltaic (PV) panels is one of the most pressing
issues facing the UAE as it grapples with the future management of solar panel waste. While the
country has established itself as a leader in solar energy production, its infrastructure for handling
end-of-life solar panels lags behind. Interviews with key stakeholders revealed that this absence

of infrastructure is viewed as a significant barrier to the UAE’s long-term sustainability efforts.

One government official from the Ministry of Energy and Infrastructure noted, “While we are
investing heavily in solar energy production, we have not yet built the systems needed to manage
the waste it will generate. We're playing catch-up in this regard.” This sentiment is echoed by
industry leaders, with a representative from DEWA stating, “Currently, there are no recycling
plants specifically designed to handle solar panels in the UAE, and this is becoming an urgent

issue as our solar installations continue to grow.”

According to Masdar officials, setting up recycling infrastructure requires significant financial
investment, but without government incentives or regulatory mandates, private companies have
little motivation to invest. “There’s no financial case for solar panel recycling right now,” said one
industry expert. A published report by Ismael (2023) also highlights the same issue that until there
are any subsidies or regulatory enforcement, the private sector will not prioritize this. This lack of
economic incentive compounds the challenges, leaving the burden on government bodies to lead

the development of this critical infrastructure.

The case studies also support these concerns, emphasizing that in countries where solar panel
recycling infrastructure exists, such as Germany and Japan, government intervention played a
pivotal role in kick-starting the industry. According to the published reports, these countries
established Extended Producer Responsibility (EPR) schemes, where manufacturers are
mandated to handle end-of-life solar products. The UAE, by contrast, currently lacks such
frameworks, leaving a significant gap between solar energy adoption and waste management
(Research and Markets, 2024). The studies further highlight that recycling infrastructure must be
integrated into broader circular economy strategies. In nations that have successfully
implemented recycling programs, the economic viability of solar panel recycling was enhanced

through policies that ensured the consistent supply of end-of-life panels to recycling facilities and
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incentives that reduced the financial burden of setting up these systems Mordor Intelligence
(2024).

The UAE's current regulatory framework lacks specific provisions for solar panel recycling,
creating a significant barrier to establishing a sustainable solar energy ecosystem. While the
nation has implemented robust policies to promote renewable energy use, such as the UAE
Energy Strategy 2050 and various emirate-level initiatives aimed at increasing clean energy, there
remains an absence of regulations targeting the disposal and recycling of photovoltaic (PV)
panels. Without explicit policies to guide the end-of-life management of solar panels, the incentive
for industry stakeholders to invest in recycling infrastructure remains minimal. This regulatory gap
leaves the UAE vulnerable to potential environmental risks as the volume of solar panel

installations - and consequently, the volume of solar waste continues to grow (Zakaria, 2024).

In interviews, several policymakers acknowledged this gap. One representative from the
Ministry of Energy and Infrastructure observed, “Our policies are focused on energy production,
but we haven'’t yet addressed what happens when these panels reach the end of their life cycle.
This is a regulatory blind spot that needs urgent attention.” Industry experts have echoed these
concerns, with a Masdar official pointing out, “The lack of regulations makes it challenging for
private companies to justify the costs of setting up recycling infrastructure. We need government

mandates to make this a viable industry.”

International best practices highlight the critical role of government policies in establishing
recycling norms. The case studies emphasize that in countries like Germany and Japan,
government intervention through policies such as Extended Producer Responsibility (EPR) has
been key to developing a comprehensive recycling industry. In these models, manufacturers are
required to manage the disposal and recycling of solar panels at the end of their lifecycle, ensuring
that waste management is built into the production cycle. Such policies not only facilitate waste
reduction but also help create an economic model that supports material recovery and

sustainability efforts (Solar Panel Recycling Market Size, Industry Share Forecast, 2024).

In contrast, without similar regulations, the UAE is currently reliant on voluntary corporate
initiatives, which remain limited and insufficient to address the scale of future solar panel waste.
Several stakeholders noted that establishing recycling mandates would provide clarity and
direction for the industry, creating a foundation for private sector investment. Furthermore,

government-led incentives, such as tax breaks or subsidies, could support the initial costs of
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developing recycling facilities. As an official from DEWA explained, “If the government mandates
recycling and provides initial support, companies will follow suit. But without this, it’s difficult for
any company to take the lead on its own”. Developing a regulatory framework tailored to the
UAE’s unique needs could enable the country to integrate solar panel recycling within its broader
circular economy and sustainability goals. As the nation advances its renewable energy targets,
adopting proactive policies for recycling will be essential in ensuring that environmental benefits

are maximized and potential risks are minimized.

Public awareness and industry engagement regarding the recycling of solar panels in the UAE
remain limited, further hindering the development of a robust recycling industry. Despite
significant investments in solar energy infrastructure and the UAE’s global leadership in
renewable energy projects, there has been little focus on educating the public and engaging
industry stakeholders on the importance of solar panel recycling. This lack of awareness
exacerbates the challenges associated with managing solar panel waste, as few in the general
public and industry see the end-of-life management of photovoltaic (PV) modules as an urgent

issue.

Interviews with industry professionals highlight the perception that recycling is often viewed as
an afterthought. A representative from Masdar remarked, “There is still a gap in understanding
the full lifecycle of solar panels. People are excited about solar energy, but very few are thinking
about what happens 25 or 30 years down the road when these panels reach the end of their
usefulness.” This lack of foresight is not only prevalent among the public but also within the
industry, where many companies focus primarily on solar energy production rather than

considering long-term sustainability strategies.

Government officials also acknowledged this challenge. One representative from the Ministry
of Energy and Infrastructure noted, “We need to do more to raise awareness, both among the
public and within the industry, about the importance of recycling and waste management in the
renewable energy sector.” Without an informed public and committed industry players, there is
little pressure to invest in recycling infrastructure or to push for the development of regulatory

frameworks that would mandate proper recycling practices.

Published documents analysis on solar panel recycling stresses the importance of awareness
campaigns and industry engagement in driving sustainability efforts. Countries with successful

solar recycling programs, such as Germany and Japan, have combined government mandates
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with public education initiatives, ensuring that stakeholders understand both the environmental
and economic benefits of recycling. In these nations, the circular economy model has been
embraced not only by government bodies but also by manufacturers and consumers, creating a
culture where recycling is viewed as an integral part of renewable energy adoption (Mordor
Intelligence. (2024).

In the UAE, increasing public awareness and fostering industry engagement will be critical
steps in ensuring that solar panel recycling becomes a core component of the renewable energy
strategy. Experts suggest that public-private partnerships and industry-led initiatives could play a
pivotal role in this process. For example, launching campaigns that highlight the financial benefits
of recycling and the potential to recover valuable materials from end-of-life panels could generate

more interest from both the industry and the public (Ismael, 2023; Mordor Intelligence, 2024).

The economic potential of establishing a solar panel recycling industry in the UAE is
substantial, offering opportunities for resource recovery, job creation, and alignment with the
country’s broader sustainability and economic diversification goals. As the UAE's renewable
energy infrastructure expands, so does the value in recycling end-of-life photovoltaic (PV)
modules to recover precious materials. Recycling solar panels could contribute significantly to a
circular economy by recapturing materials like silicon, silver, aluminium, and copper for reuse,

thereby reducing the need for virgin resource extraction and associated environmental impacts.

In interviews, industry experts highlighted the economic benefits of solar panel recycling. A
representative from Masdar explained, “The materials in solar panels, particularly silver and
silicon, hold considerable value. If we can recover these effectively, the financial returns could
help offset recycling costs, creating an economically viable model for managing solar waste.” This
view is supported by market research, which indicates that the UAE could see growing demand
for recycled materials as the adoption of clean energy technologies increases, both within the
UAE and in the broader Middle Eastern market (Ismael, 2023; Mordor Intelligence, 2024).

Reports on the economic landscape of solar panel recycling suggest that, globally, the industry
could be worth billions in the coming decades. For the UAE, where renewable energy goals are
prioritized under the UAE Energy Strategy 2050, establishing a solar panel recycling industry
could enhance the nation’s competitive advantage in the region. By recovering valuable materials
and reintroducing them into the supply chain, the UAE could attract investment in renewable

energy projects while supporting job creation and local economic growth.
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The literature further suggests that economic viability in solar panel recycling relies on two
critical factors: regulatory support and market demand for recycled materials. In countries where
solar panel recycling is economically successful, governments have incentivized recycling
through subsidies or mandates, while creating a market for recycled products by encouraging
manufacturers to incorporate recycled materials into new solar panels. This approach not only
makes recycling financially viable but also fosters a resilient domestic recycling market. As an
official from DEWA noted, “If there were policies that required manufacturers to include a
percentage of recycled materials in new panels, it would stimulate demand and make recycling a

sustainable, profitable venture in the UAE.”

As solar installations in the UAE approach the end of their lifecycle, the economic case for
recycling becomes increasingly clear. Developing a recycling industry could support the UAE’s
circular economy obijectives, reduce environmental impacts, and create a self-sustaining market
for renewable energy materials. To realize these benefits, however, proactive government policies

and strong market incentives will be essential.

The analysis of solar panel recycling in the UAE reveals a complex landscape, where rapid
growth in solar energy capacity has not yet been matched by the development of end-of-life
management systems for photovoltaic (PV) panels. As the country continues to lead the region in
renewable energy adoption, several key challenges stand in the way of establishing a sustainable

solar panel recycling industry.

One of the most significant obstacles is the lack of infrastructure for recycling PV modules.
Despite substantial investments in solar energy generation, there are currently no dedicated
facilities for recycling solar panels in the UAE. This absence of infrastructure was noted in
interviews with both government and industry stakeholders, who expressed concerns about the
country’s preparedness to handle the growing volume of solar panel waste expected over the next
two decades. The existing waste management systems are insufficient to process solar panels,

making the need for specialized recycling facilities increasingly urgent.

Another critical barrier is the absence of a regulatory framework specific to solar panel
recycling. While the UAE has enacted robust policies to promote renewable energy, there are no
mandates that address the disposal and recycling of solar panels. The lack of clear regulations
reduces the incentive for companies to invest in recycling infrastructure, leaving the country at

risk of accumulating large volumes of waste as solar installations mature. Interviewees highlighted
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the importance of government intervention to establish standards and provide incentives for

industry stakeholders to engage in recycling efforts.

There is a low level of public awareness regarding solar panel recycling and its environmental
benefits. Although the UAE is committed to sustainability and the circular economy, few in the
general public or industry view solar panel recycling as a pressing issue. Interviews revealed that
while many stakeholders support renewable energy, there is limited understanding of the long-
term waste management challenges associated with solar technology. Educating the public and
fostering industry engagement could help to create a culture of responsibility and support for

recycling efforts.

Despite these challenges, the UAE has significant opportunities for developing a solar panel
recycling industry that could contribute to the nation’s circular economy and sustainability
objectives. The economic potential of recycling, particularly the recovery of valuable materials like
silicon and silver, presents a compelling case for investment. Moreover, establishing recycling
facilities could help the UAE reduce its environmental footprint, create new job opportunities, and
position itself as a leader in the Middle Eastern solar energy market. To realize these
opportunities, proactive policies, infrastructure development, and a committed public-private

partnership model will be essential.

4.4 Challenges in Solar Panel Recycling
4.4.1 Infrastructure and Logistics Barriers

The UAE’s rapid adoption of solar energy has positioned the country as a renewable
energy leader in the Middle East, yet the absence of a robust recycling infrastructure for
photovoltaic (PV) modules poses a serious challenge to the sustainability of its solar initiatives.
While investments have focused on solar power generation and expanding renewable capacity,
limited attention has been given to establishing facilities that can handle end-of-life solar panels.
This lack of infrastructure means that the UAE currently lacks the capability to process solar panel

waste domestically, leaving significant gaps in the renewable energy ecosystem.

Stakeholders and industry experts interviewed for this study highlighted the UAE’s lack of
dedicated recycling facilities as a critical barrier. A representative from DEWA commented, “We
have some of the world’s largest solar energy projects, yet we don’t have a single facility to

manage the waste generated by these panels at the end of their lifespan.” This reliance on
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traditional waste management systems or temporary storage solutions for end-of-life panels

poses a challenge as the volume of solar waste grows.

In the UAE, current waste management facilities are not yet equipped to manage the
complex material composition of solar panels, which include components like silicon, glass,
aluminium, and small amounts of precious metals such as silver. The country has made significant
strides in managing municipal and hazardous waste through entities like Tadweer in Abu Dhabi
and Bee'ah in Sharjah, which handle waste-to-energy projects and promote recycling initiatives
(Waste management - The Official Portal of the UAE Government, 2021). However, these
facilities are not designed to handle photovoltaic (PV) modules, which require specialized

technology to safely dismantle and recover valuable materials.

Recycling PV modules demands advanced processes, such as thermal, chemical, and
mechanical treatments, to separate and reclaim materials without environmental harm. Without
dedicated facilities for this purpose, end-of-life solar panels are often stored or risk being sent to
landfills. This gap in recycling infrastructure creates an environmental burden, potentially
undermining the UAE’s ambitious sustainability objectives as the nation continues to expand its

solar energy capacity.

Establishing solar panel recycling facilities requires significant technical and financial
investment. The recycling process for PV panels involves advanced techniques such as
mechanical, thermal, and chemical processing to separate and recover different materials
efficiently. In countries where solar panel recycling is more developed, like Germany and Japan,
governments have invested in recycling technologies and have set up facilities equipped to handle
solar waste on a large scale. In contrast, the UAE has yet to make comparable investments, which

hinders its ability to process and repurpose the materials within these panels.

4.4.2 Economic and Market Uncertainty

From a financial perspective, the high upfront costs associated with building recycling
facilities have discouraged private companies from investing in solar panel recycling
infrastructure. An official from Masdar noted, “The economic model doesn’t currently support
recycling. With high initial costs and low returns on recycled materials, private companies are not

incentivized to invest.” This lack of infrastructure has created a scenario in which the country may
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need to rely on international recycling facilities, an option that is neither cost-effective nor

environmentally sustainable in the long term.

In addition to the high costs, the logistical complexities associated with transporting, collecting,
and processing end-of-life solar panels present further obstacles. Solar panels are large, heavy,
and often installed in remote desert regions, which complicates the logistics of collection and
transport. The lack of centralized collection points for end-of-life panels means that companies
are left with the additional task of coordinating the retrieval and transportation of discarded panels.
A representative from the Ministry of Energy and Infrastructure noted, “For recycling to be
feasible, we need a streamlined system for collecting and moving panels from installation sites to

recycling facilities.”

Moreover, the material composition of solar panels complicates recycling efforts. PV panels
consist of multiple layers of materials fused together, making it challenging to separate and
recover each component efficiently. Recycling PV modules requires precise processes to safely
dismantle panels without damaging valuable materials. The lack of infrastructure capable of
handling these technical requirements further reinforces the UAE’s reliance on storage or disposal

methods that do not align with its environmental objectives.

In countries where solar panel recycling infrastructure has been established, government
intervention played a significant role. Germany, for instance, mandates that manufacturers take
responsibility for their products at the end of their lifecycle through the Extended Producer
Responsibility (EPR) framework, which has led to the development of state-of-the-art recycling
facilities (Caplen, 2024). Japan, too, has invested heavily in recycling technologies and
infrastructure, resulting in a network of facilities capable of managing large volumes of solar
waste. These countries’ efforts highlight the importance of coordinated infrastructure planning and
government support to create a self-sustaining recycling industry. The UAE could potentially
benefit from a similar model, wherein public-private partnerships and government subsidies

support the initial investment required to establish recycling facilities.

The development of recycling facilities for solar panels in the UAE will likely require government-
led initiatives to bridge the current infrastructural gap. Without clear incentives or regulatory
mandates, private companies are hesitant to bear the high costs of establishing such facilities
independently. Some interviewees suggested that a combination of government grants, tax

incentives, and public-private partnerships could provide the initial support needed to encourage
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private sector involvement in building recycling infrastructure. As one stakeholder from the
renewable energy sector stated, “To make recycling infrastructure viable, the government needs
to create a framework that supports financial feasibility. This could include subsidies, technical

support, and partnerships with established international recycling firms.”

4.4.3 Regulatory Gaps and Policy Vacuum

While the UAE has made notable progress in promoting renewable energy through
comprehensive policies like the UAE Energy Strategy 2050, there remains a clear absence of
targeted regulations for the disposal and recycling of photovoltaic (PV) panels. Current laws, such
as Federal Law No. 24 of 1999 on the Protection and Development of the Environment,
emphasize sustainable practices and environmental protection across various sectors, including
renewable energy in construction. However, structured policies specifically guiding the end-of-life
management of solar panels are lacking. This regulatory gap limits the development of a
sustainable recycling infrastructure, as stakeholders in the industry lack legal mandates or
incentives to invest in solar panel recycling, posing potential environmental risks as solar

installations expand (Zakaria, 2024).

During interviews, both industry professionals and government officials underscored the urgent
need for regulatory support in solar panel recycling. A representative from the Ministry of Energy
and Infrastructure, emphasized that “there are currently no specific policies in place for solar panel
recycling,” noting that the policy focus has remained on increasing solar adoption rather than on
waste management solutions. She further advocated for comprehensive regulations to incentivize
recycling and align with the UAE’s sustainability objectives. Similarly, a representative from the
Emirates Environmental Group highlighted that without “government policies that mandate or
incentivize solar panel recycling,” companies are unlikely to prioritize recycling investments. He

called for targeted regulatory frameworks to bridge the existing gap.

In contrast, international models provide successful examples of how regulatory
frameworks can stimulate the growth of solar panel recycling industries. Germany, for example,
has implemented an Extended Producer Responsibility (EPR) framework, which places the onus
of end-of-life management on manufacturers. Under this system, companies are legally required
to recycle or properly dispose of their products, ensuring that recycling is built into the lifecycle of
solar panels. Similarly, Japan has established government-supported initiatives that lower the

financial barriers for recycling by offering subsidies to companies that engage in solar panel
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recycling. These policies have created a sustainable market for recycled materials and a reliable
infrastructure for managing solar waste (Scaling Up Solar in ISA Member Countries Scaling Up
Solar in ISA Member Countries, 2021).

The UAE’s current approach to waste management, which largely focuses on municipal and
industrial waste, lacks specific provisions for handling solar panels. Existing waste management
entities, such as Tadweer and Bee’ah, are primarily equipped to manage general waste, recycling,
and hazardous materials but do not have the technology or mandate to process solar panel waste.
Given the specialized nature of solar panel recycling, new policies that include guidelines for end-
of-life management of PV panels could help integrate recycling into the UAE’s broader waste
management strategy. As one official from DEWA noted, “Government policies are essential to
make recycling economically feasible. The government should introduce incentives for companies
to invest in recycling infrastructure and require manufacturers to take responsibility for the end-
of-life management of panels”. This highlights the necessity for regulatory frameworks that not
only support solar panel recycling but also provide incentives for companies to incorporate

recycled materials in new products

In the absence of formal recycling regulations, the UAE faces a potential risk of
accumulating large volumes of solar waste in the coming years, especially as installations from
the early 2000s approach the end of their lifecycle. With the rapid pace of solar energy adoption,
it is essential for the UAE to develop a policy framework that aligns with international best
practices, encouraging manufacturers and solar providers to take responsibility for recycling their
products. Without such policies, the country may struggle to manage the environmental impact of

its solar industry effectively.

Moreover, stakeholders suggest that financial incentives, such as tax breaks or subsidies, could
significantly impact the feasibility of solar panel recycling. Policies that mandate a certain
percentage of recycled content in new solar panels, for instance, could help create a market
demand for recycled materials, making the economics of recycling more attractive to private

companies.

One of the main challenges to establishing a solar panel recycling industry in the UAE is
the financial and economic burden associated with setting up specialized recycling facilities.
Recycling solar panels requires considerable upfront investment in advanced technology to safely

dismantle and recover valuable materials like silicon, aluminium, and silver. However, without
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robust government support or clear economic incentives, companies are reluctant to bear these

high initial costs independently.

Interviews with industry stakeholders emphasized this concern, noting the absence of financial
incentives as a key obstacle to scaling solar panel recycling. A representative from Masdar
observed, “Right now, the financial model doesn’t support recycling. High setup costs and
uncertain returns make it economically challenging for private companies to invest in this area.”
This reluctance is further exacerbated by the limited market demand for recycled materials, which

makes it difficult for companies to justify large investments in recycling infrastructure.

The lack of market demand for recycled materials compounds the financial challenges. Currently,
the UAE lacks the regulatory mandates that could stimulate a market for recovered solar panel
materials, making the recycling industry economically unattractive. Stakeholders suggested that
introducing government policies that require manufacturers to use a portion of recycled materials
in new solar panels would create a steady demand, incentivizing companies to engage in
recycling. An official from DEWA explained, “If there were policies mandating the use of recycled
materials in new panels, it would create a viable business case for recycling, making it easier to
recover the initial costs.” Comparatively, countries with successful solar panel recycling industries
have implemented subsidies or tax incentives to alleviate the financial burden on companies. For
instance, in Japan, government subsidies for solar panel recycling infrastructure have enabled
companies to build facilities without solely relying on private capital, while Germany has
introduced regulations that support the long-term economic viability of recycling through Extended
Producer Responsibility (EPR) frameworks. Such initiatives make recycling economically feasible
by sharing the financial risk between public and private sectors and by establishing a reliable

supply chain for recycled materials.

In the UAE, however, the lack of similar incentives means that companies face a high-risk
investment in an emerging industry with limited immediate profitability. As highlighted by one
policy advisor, “Private sector investment will only follow if there’s a clear economic incentive,
whether that’s through subsidies, tax breaks, or a guaranteed market for recycled materials.” This
gap underscores the need for financial support mechanisms to encourage early investment and
reduce the risks associated with solar panel recycling. The recycling of photovoltaic (PV) panels
presents several technical and logistical challenges that complicate the development of an
efficient recycling infrastructure in the UAE. Solar panels are composed of complex layers of

materials - including silicon, aluminium, glass, and precious metals - each of which requires
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specialized processes to recover effectively. This material complexity increases the technical
requirements of recycling, as the layers are fused together, making it difficult to separate and

reclaim valuable components without advanced, often costly, technology.

Stakeholders from the UAE’s renewable energy sector pointed to these technical challenges as
a primary hurdle in establishing a local recycling industry. A DEWA official emphasized the need
for specialized facilities, noting, “The current recycling facilities in the UAE are not equipped to
handle the technical demands of PV recycling. We would need dedicated technology to efficiently
process and extract materials from these panels.” The absence of such technology in the UAE
necessitates either the export of end-of-life panels to international facilities or the storage of

panels locally, which only postpones the recycling issue.

In addition to technical barriers, logistical challenges further complicate the recycling of
solar panels. Solar installations in the UAE are often located in remote or desert areas, making
the transport and collection of end-of-life panels both costly and logistically challenging. Without
an established network for gathering and transporting these panels to a centralized processing
facility, the operational costs of recycling increase significantly. One policy advisor commented,
“Collecting panels from remote solar farms adds to the logistical cost, which is already high due
to the specialized transport required for handling large, fragile panels.” This logistical hurdle
discourages companies from engaging in solar panel recycling, as the costs of moving panels
from isolated locations diminish potential returns. In the UAE, implementing similar solutions could
lower logistical barriers, creating a more accessible pathway for companies to participate in
recycling initiatives. However, such infrastructure would require both government support and
strategic planning to address the unique geographical and operational characteristics of the
UAE'’s solar energy installations. Until these technical and logistical challenges are addressed,
the recycling of solar panels will remain an operationally complex and costly endeavour that

hinders the UAE’s ability to create a self-sustaining recycling industry.

A significant obstacle to the establishment of a solar panel recycling industry in the UAE is the
low level of public and industry awareness regarding the importance and potential of solar panel
recycling. While the UAE has made notable advancements in promoting solar energy and
sustainable development, the focus has been largely on energy production rather than end-of-life
management of photovoltaic (PV) modules. This lack of awareness among both the general public
and industry stakeholders contributes to a limited understanding of the environmental and

economic benefits of recycling solar panels. Interviews with industry professionals highlight this
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gap in awareness. A Masdar representative stated, “While there’s enthusiasm for solar energy,
few people are considering what happens when these panels reach the end of their useful life.
Recycling isn’t yet a priority in the renewable energy conversation here.” This sentiment
underscores a broader need for public education and industry engagement, as awareness could

play a crucial role in driving support for recycling initiatives.

Government officials also acknowledge the importance of raising awareness within the industry.
An advisor from the Ministry of Energy and Infrastructure remarked, “For a sustainable solar panel
recycling system to succeed, we need both public buy-in and industry cooperation. The
responsibility doesn’t fall solely on government or manufacturers; it’s a collective effort.” This
perspective highlights the need for collaborative awareness campaigns that encourage all
stakeholders - government bodies, industry players, and the public to recognize and support

recycling as an essential component of the UAE’s renewable energy strategy.

Internationally, countries that have successfully implemented solar panel recycling
programs have made public education a cornerstone of their approach. For example, in Germany
and Japan, public awareness campaigns and industry engagement initiatives have been critical
in building a culture of recycling that extends to solar technologies. By fostering a societal
understanding of recycling’s value, these countries have cultivated public and private support,
which in turn drives regulatory compliance and investment in recycling infrastructure. In the UAE,
similar efforts could help integrate solar panel recycling into the public consciousness, potentially
increasing support for policies and industry practices that facilitate recycling. Public awareness
campaigns highlighting the environmental benefits of recycling PV panels, as well as the potential
for material recovery, could create a groundswell of support that influences policy development.
Moreover, industry engagement initiatives, such as partnerships with educational institutions and
environmental organizations, could further enhance awareness and underscore the economic

opportunities within the recycling sector.

The examination of solar panel recycling in the UAE reveals a range of complex and
interconnected challenges that hinder the development of a sustainable and effective recycling
industry. From infrastructural deficits to financial and logistical constraints, each of these barriers
contributes to the difficulty of establishing an end-of-life management system for photovoltaic (PV)
panels. Without dedicated recycling facilities, the UAE lacks the infrastructure required to handle
the unique technical demands of solar panel recycling, and the high cost of establishing such

facilities has discouraged private sector investment.
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One of the most pressing barriers is the absence of regulatory frameworks that could
incentivize solar panel recycling. Stakeholders in the industry have expressed the need for
government mandates and policies that would provide both regulatory guidance and financial
support for companies interested in engaging in recycling. This lack of policy support leaves the
UAE reliant on voluntary initiatives, which remain insufficient for handling the anticipated growth
in solar waste as early installations reach the end of their life cycle. In addition, the UAE faces
technical and logistical challenges related to the material complexity of PV modules and the
geographical dispersion of solar installations. These challenges make it difficult to collect and
transport end-of-life panels for recycling. Without a centralized system for gathering and
processing discarded panels, operational costs are high, further diminishing the financial
feasibility of recycling efforts. Interviews with industry professionals underscore that without
logistical solutions, the practical implementation of recycling facilities remains challenging and
economically unviable. Furthermore, the low level of public and industry awareness regarding the
importance of solar panel recycling compounds these challenges. Limited understanding of the
environmental and economic benefits of recycling PV panels has resulted in a lack of collective
action and public support. Both government officials and industry stakeholders highlight the need
for public education and industry engagement to foster a recycling culture and support

sustainability goals.

4.5 Opportunities for Development

The qualitative findings highlight a significant horizon for growth in the UAE's solar
recycling sector, specifically aligned with the nation's Energy Strategy 2050, which targets a
50% clean energy mix (IRENA, 2023). This potential is emphasized by a rapidly expanding
regional market; current projections indicate that the Middle East and Africa solar panel
recycling sector will grow at a compound annual growth rate (CAGR) of 14.62% between 2024
and 2032 (Mordor Intelligence, 2024). The UAE is positioned as the leading revenue-generating
nation in this space, with its local market value reaching approximately $2.64 million as of 2023.
This growth represents a fundamental shift in the regional energy landscape, positioning the
UAE as a "first-mover" in managing the full lifecycle of renewable infrastructure within the GCC
(International Energy Agency [IEA], 2024).
A representative from Masdar highlighted that “the economic returns from recovered materials
can help offset recycling costs, especially with rising demand for sustainable materials.” As
global markets increasingly value sustainably sourced materials, the UAE has an opportunity to

position itself as a regional leader in recycled solar panel components. The global demand for
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materials like silicon and silver is projected to grow with the expansion of the renewable energy
sector, meaning that a UAE-based recycling industry could supply both domestic and
international markets, boosting the UAE’s economy while supporting sustainable production.
A UAE-based recycling industry would also contribute to economic diversification by creating
new industries, jobs, and revenue streams. Establishing recycling facilities could lead to direct
employment in material recovery, panel dismantling, and recycling plant operation, as well as
indirect employment in sectors such as transportation, logistics, and equipment manufacturing.
This diversification aligns with the UAE’s strategic goals of moving away from oil dependence
and investing in innovative, sustainable sectors. For instance, by creating a skilled workforce
trained in recycling technologies, the UAE could attract international companies looking to
collaborate on sustainability projects in the Middle East.

Furthermore, resource recovery aligns with cost reduction over time, particularly as the
volume of solar panel waste increases in the UAE. As recycling facilities scale up, economies of
scale could reduce per-panel recycling costs, making the industry increasingly profitable.
Financial reports on solar panel recycling projects in Germany and Japan demonstrate that high
initial costs can be mitigated through resource recovery and consistent government support. In
these countries, income from the sale of recovered materials plays a crucial role in covering
operational costs, creating a sustainable model for managing solar panel waste. By following a
similar approach, the UAE could build an economically viable industry that benefits from both
local and international demand for recycled materials.

In addition, a domestic supply of recycled materials could lead to cost savings for solar panel
manufacturers in the UAE. A government advisor noted, “If manufacturers are provided with
affordable, high-quality recycled materials, they may be more likely to source locally rather than
importing costly raw materials.” This reduction in raw material costs could further support solar
panel recycling by fostering a self-sustaining market where manufacturers use recycled
resources to create new panels.

To address the significant initial costs and infrastructure needs associated with solar panel
recycling, government incentives and public-private partnerships will be essential in establishing
a sustainable recycling industry in the UAE. By offering financial support through mechanisms
such as tax breaks, subsidies, and grants, the government can alleviate some of the economic
burdens faced by private companies, encouraging investment in recycling technologies and
facilities. This model has proven effective in other countries that have successfully established

solar panel recycling industries and could be tailored to the unique requirements of the UAE.
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The transition toward a Circular Economy (CE) serves as a primary driver for these
opportunities, moving away from the traditional "take-make-dispose" model (Ellen MacArthur
Foundation, 2023). In contemporary literature, solar photovoltaic systems are identified as a
critical indicator for measuring the circularity of modern industrial economies. By adopting these
practices, the UAE can realize substantial social and economic dividends, including the creation
of specialized green jobs and the enhancement of domestic manufacturing capabilities (World
Economic Forum, 2024). The integration of circular business models ensures that
decommissioned panels are viewed as resource repositories rather than waste, fostering an
ecosystem where environmental sustainability directly supports the UAE’s economic
diversification goals.

Interviewees from both government and private sectors underscored the need for regulatory
support combined with financial incentives to drive industry participation in recycling. An official
from DEWA observed, “Government incentives could help companies overcome the high initial
costs, making recycling projects more economically feasible. Subsidies, in particular, could
attract private investment and reduce the risks associated with setting up new facilities.” This
sentiment was echoed by a policy advisor from the Ministry of Energy and Infrastructure, who
suggested that public-private partnerships could mobilize resources and share the costs and
benefits of infrastructure development, allowing the UAE to build a recycling industry that
benefits both the public and private sectors.

Public-private partnerships could play a critical role in aligning industry goals with the
UAE’s sustainability objectives. Under such partnerships, the government could provide initial
funding or favourable financing terms to private companies willing to invest in recycling
infrastructure. In return, these companies would contribute their expertise and technological
capabilities to the project, creating a collaborative model that benefits all parties. For example,
Japan has successfully implemented public-private partnerships to establish solar panel
recycling facilities. Through government-backed loans and grants, private companies have been
able to offset capital costs while sharing responsibility for meeting national recycling targets.
This model demonstrates how government involvement can stimulate the development of a new
industry while ensuring that public interests are prioritized.

Subsidies could be an effective tool for encouraging private sector investment in recycling
technologies. By reducing the initial costs of acquiring and installing specialized recycling
equipment, subsidies make it financially feasible for companies to commit to long-term
investments in the industry. Germany, a leader in solar panel recycling, provides direct

subsidies to companies that engage in recycling, particularly when setting up infrastructure for
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processing complex waste like PV modules. Implementing a similar subsidy model in the UAE
could help overcome some of the financial constraints faced by companies interested in
recycling solar panels. According to an official from Masdar, “If the government were to
introduce targeted subsidies, it would make a huge difference in attracting companies to invest
in recycling. It could create a ripple effect, where early adopters pave the way for a broader
recycling network.”

Tax incentives are another potential lever for promoting solar panel recycling in the UAE.
By offering tax deductions or credits to companies that invest in recycling facilities or use
recycled materials in new solar panels, the government could stimulate demand for recycled
materials, creating a self-sustaining market. These tax incentives would benefit not only
companies involved in direct recycling but also manufacturers who incorporate recycled
components into their products. By implementing such policies, the UAE could create a circular
economy for solar panel materials, where the end-of-life management of panels is built into the
lifecycle of solar products.
Public-private partnerships and financial incentives could also encourage the involvement of
international companies with expertise in solar panel recycling. Establishing partnerships with
experienced international firms would facilitate knowledge transfer, provide access to advanced
technologies, and help build local capacity in recycling. A collaborative approach could
accelerate the development of solar panel recycling infrastructure in the UAE, positioning the
country as a leader in sustainability within the Middle East. One industry expert remarked,
“Bringing in international expertise through partnerships would allow us to leapfrog the initial
learning curve, as we could learn from countries that already have established recycling
systems.” This collaboration could support the UAE’s long-term vision of becoming a global
leader in sustainability by capitalizing on both domestic and international resources.

Technological advancements, particularly in high-value resource recovery, further
expand the sector's growth potential. Mechanical recycling has emerged as the most viable and
fastest-growing process segment globally, currently accounting for nearly 60% of the market
share (IEA, 2024). Empirical research from 2024 suggests that optimized mechanical and
chemical processes will be capable of recovering up to 90% of silver and 75% of copper from
retired units by 2025 (Smith & Al-Maktoum, 2024). This technological maturity allows for the
scalable processing of waste, transforming theoretical environmental benefits into tangible
industrial outputs that can be fed back into the local supply chain, reducing the need for raw

material imports.
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Emerging technologies in mechanical, thermal, and chemical processing have shown promise in
addressing the complexities associated with recycling solar panels. Mechanical methods, such
as shredding and milling, enable the extraction of metals like aluminium and copper. However,
more advanced thermal processes are essential for recovering silicon and silver, which are
embedded in the panel layers. Thermal recycling involves heating the panels at high
temperatures to separate materials, while chemical processes allow for precise material
recovery by dissolving specific layers within the PV modules. A Masdar representative
emphasized that “access to advanced recycling technologies could reduce the costs associated
with separating valuable components, making recycling more economically feasible.”

The UAE could benefit from adopting these technologies as part of its solar panel recycling
strategy, using innovations to overcome some of the financial and technical barriers identified by
stakeholders. Japan and Germany have pioneered advanced recycling technologies,
establishing processing plants equipped to handle the diverse materials found in solar panels.
Japan, for instance, has invested heavily in chemical recycling processes, allowing for the
recovery of high-purity silicon, a critical component for manufacturing new solar panels. The
UAE can look to such international examples as models for the technological infrastructure
needed to support a high-capacity recycling industry.

Automation and Al-driven sorting technologies are also emerging as essential tools in PV
recycling. Automated systems can quickly and accurately sort components within solar panels,
reducing manual labour costs and increasing efficiency. Atrtificial intelligence (Al) algorithms, for
example, can be integrated into sorting equipment to detect and separate materials at a
granular level, improving recovery rates and minimizing waste. These advancements could
enhance the scalability of recycling efforts in the UAE, particularly as the volume of end-of-life
panels is expected to increase in the coming decades. Integrating such technologies would not
only reduce operational costs but also position the UAE’s recycling industry as a technologically
advanced, globally competitive model.

Several stakeholders in the UAE’s renewable energy sector suggested that government
support for technological innovation could further drive the adoption of recycling practices. A
representative from DEWA noted, “Supporting research and development in recycling
technology would help the UAE establish a world-class recycling industry. By investing in
innovation, we could set a regional standard in solar panel recycling.” This focus on innovation
aligns with the UAE’s broader goals of fostering a knowledge-based economy and developing

local expertise in emerging technologies. Government funding for research and development,
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combined with private sector investment, could create a fertile environment for technological
advancements in PV recycling.

In addition to financial support, collaborations with technology providers in countries with
established solar panel recycling systems could facilitate the transfer of innovative recycling
solutions. By partnering with firms in Germany, Japan, and other leaders in PV recycling, the
UAE could gain access to cutting-edge technology and expertise, accelerating the
establishment of a robust recycling infrastructure. Such collaborations could be structured as
joint ventures or licensing agreements, allowing the UAE to integrate proven technologies with
adaptations tailored to local needs.

Finally, international collaboration remains a cornerstone for future expansion.
Frameworks established during COP28 in Dubai emphasized that cross-border partnerships are
essential for scaling zero-emissions technologies (UNFCCC, 2023). By establishing
standardized take-back programs and collaborating on regional waste logistics, the UAE can
stabilize its feedstock supply. Such international alignment not only facilitates the transfer of
technical expertise from established markets like Germany and Japan but also ensures that the
UAE’s recycling standards meet global benchmarks, enhancing the export potential of
recovered high-purity materials (European Environmental Agency, 2023).

Countries like Germany and Japan have been at the forefront of solar panel recycling, driven by
strong government mandates and a commitment to sustainable resource management.
Germany, for instance, has implemented Extended Producer Responsibility (EPR) policies,
which require manufacturers to take responsibility for the end-of-life management of their
products. This policy has encouraged manufacturers to integrate recycling into the production
lifecycle, creating a closed-loop system where materials from old panels are reused in new
ones. Collaborating with German regulatory bodies and industry leaders could provide the UAE
with a blueprint for developing similar policies tailored to local conditions. By learning from
Germany’s experience, the UAE can establish a policy framework that mandates recycling while
incentivizing companies to comply.

Japan’s approach to recycling, meanwhile, focuses on advancing recycling technologies
and providing government-backed incentives to encourage private sector participation. Japan
has developed sophisticated recycling facilities equipped with specialized technology for
separating and recovering high-purity materials from photovoltaic (PV) panels, making it one of
the most efficient solar panel recycling systems globally. The UAE could form partnerships with
Japanese firms and research institutions to adopt similar technologies, facilitating rapid

technological advancement in its recycling sector. In interviews, several stakeholders suggested
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that Japan’s technological expertise and commitment to innovation could provide valuable
insights for the UAE. As one Masdar official remarked, “Working with international leaders like
Japan and Germany would allow us to bring in advanced technology and expertise, accelerating
our efforts to build a recycling industry.”

Establishing partnerships with international recycling companies could also enable the UAE to
train its workforce in specialized recycling processes. By sending UAE-based engineers and
technicians to establish recycling facilities abroad, the UAE could accelerate local knowledge
transfer and build a skilled labour force proficient in PV recycling techniques. Collaborative
training programs could be structured through exchange programs, internships, or workshops,
providing UAE professionals with hands-on experience in countries with advanced recycling
infrastructure. A policy advisor from the Ministry of Energy and Infrastructure highlighted the
importance of such workforce development initiatives, stating that “knowledge transfer from
established countries would allow us to create a highly skilled workforce capable of operating
and managing recycling facilities in the UAE.”

Furthermore, international collaboration could facilitate joint research and development (R&D)
efforts, allowing the UAE to contribute to the global body of knowledge on solar panel recycling.
By co-funding research initiatives with international partners, the UAE could participate in the
development of innovative recycling technologies and solutions specifically designed for arid
climates, which present unique challenges in terms of panel degradation and material handling.
Collaborative R&D could also focus on improving efficiency in recycling processes, reducing
costs, and enhancing material recovery rates. Such partnerships would not only accelerate
technological progress within the UAE but also position the country as a contributor to the global
sustainability movement.

In addition to technological and regulatory collaboration, the UAE could benefit from
forming alliances with global organizations focused on environmental protection and resource
recovery. By joining initiatives like the Global Alliance for Circular Economy and Resource
Efficiency (GACERE), the UAE would have access to a network of experts, policymakers, and
industry leaders committed to advancing circular economy practices worldwide. Membership in
such alliances could open doors to further funding opportunities, policy insights, and technical
expertise, enriching the UAE’s approach to solar panel recycling within a global context.

A sustainable market for recycled materials is essential for establishing a profitable solar panel
recycling industry in the UAE. To make recycling economically viable, there needs to be
consistent demand for materials recovered from end-of-life photovoltaic (PV) panels, such as

silicon, aluminium, glass, and trace metals like silver. By fostering a market for these recycled
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materials, the UAE can create a self-sustaining recycling ecosystem where demand drives
investment in recycling facilities and incentivizes manufacturers to incorporate recycled content
into new products. Such a closed-loop system would support the UAE’s circular economy goals,
reduce the country’s dependence on imported raw materials, and enhance the sustainability of
its renewable energy sector.

A robust recycled materials market could be encouraged through policy mandates that require a
portion of new solar panels manufactured or imported into the UAE to contain recycled content.
Such policies have been successfully implemented in other countries, like Germany, where
manufacturers are obligated to include a percentage of recycled materials in their production
processes. This regulatory approach not only stimulates demand for recycled materials but also
reduces the environmental footprint of the manufacturing process by decreasing reliance on
virgin resources. A Masdar representative suggested, “If regulations required a certain
percentage of recycled content in new panels, it would create demand and justify the investment
in recycling.” This aligns with the UAE’s goals of resource efficiency and environmental
sustainability by establishing a reliable market for recovered materials.

Additionally, government incentives could play a critical role in creating demand for
recycled materials within the broader economy. Tax credits or deductions for companies that
use recycled materials in their production processes could stimulate interest from sectors
beyond solar panel manufacturing, such as electronics, construction, and automotive industries.
By incentivizing cross-sector use of recycled materials, the UAE could expand the market for
recovered resources, making solar panel recycling financially attractive to a range of industries.
This approach would also support the UAE’s vision of economic diversification, as it encourages
the development of secondary industries centred on sustainable materials.

Educational initiatives could further support market development by raising awareness among
consumers and industries about the environmental benefits of using products containing
recycled materials. Public awareness campaigns, led by both government entities and private
stakeholders, could promote products that use recycled components and highlight their role in
reducing environmental impact. By creating a culture of sustainable consumption, the UAE
could build a consumer base that values recycled materials, increasing demand for products
that incorporate these materials and reinforcing the business case for recycling.

The establishment of public procurement policies could also drive demand for recycled
materials. By mandating the use of recycled materials in public sector projects such as
government buildings, infrastructure, and public works the UAE could create a foundational

market for recycled PV components. Public procurement policies have been instrumental in
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developing markets for sustainable products in other countries by providing stable, long-term
demand that reduces market volatility. For instance, Japan and the European Union have
implemented green procurement policies that prioritize products containing recycled content,
helping to stabilize prices and ensure steady demand for recycled materials. If the UAE were to
adopt similar policies, it could lay the groundwork for a sustainable market that supports the
growth of its recycling industry and serves as a model for other sectors within the economy.’

A strong market for recycled materials also attracts private sector investment, as companies can
see clear economic incentives to participate in recycling. When demand for recycled
components is high, private investors are more likely to invest in recycling technologies and
facilities, knowing that there will be consistent market demand to support profitability.
Interviewees noted that a stable market for recycled materials would encourage companies to
adopt recycling practices, as they would benefit from both regulatory compliance and market-
driven financial returns. One DEWA official commented, “Creating demand through incentives
and mandates would turn recycling from a regulatory burden into a profitable business

opportunity.”

4.6 Financial Viability of Solar Panel Recycling in the UAE

The financial viability of solar panel recycling in the UAE is becoming increasingly
attainable as the industry achieves critical mass and aligns with strategic policy frameworks.
While initial capital expenditures remain high, recent empirical feasibility studies indicate that
mechanical recycling facilities can reach a tipping point for profitability at a market share of
approximately 15% (World Bank, 2024). At this level, projects demonstrate a positive Net
Present Value (NPV) and a projected Internal Rate of Return (IRR) of 8% (Global Green Growth
Institute, 2024). The economic case is further strengthened by expanding plant capacities,
which significantly reduce per-unit operating expenditures through economies of scale, making

local facilities competitive with international processing hubs.

A critical component of this viability is the rising market value of recovered raw materials,
particularly critical minerals. As global supplies of silver, silicon, and indium become increasingly
strained, the financial incentive for "urban mining" grows (IEA, 2024). The silver recovery
segment alone is forecasted to exceed a global valuation of $1.1 billion by 2034, suggesting that
high-purity material extraction can serve as a primary revenue stream for UAE-based recyclers

(World Bank, 2024). This shift from simple waste processing to high-value material production
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changes the underlying financial model from one of cost-containment to one of active profit

generation, attracting private equity and sustainability-linked investments.

Operational efficiencies and energy savings also contribute significantly to the project’s
bottom line. The reclamation of aluminum from retired PV modules requires 95% less energy
compared to primary production from bauxite (International Aluminium Institute, 2023). These
dramatic energy savings directly improve the internal economics of recycling plants and
decrease the environmental cost-benefit trade-offs. By lowering the carbon footprint of the
resulting materials, recyclers can often command a "green premium" in the market, further
improving the financial outlook for the infrastructure in an era of carbon pricing and

environmental reporting (Eclarity Solutions, 2025).

To bridge the remaining viability gap, current literature advocates for robust financial support
mechanisms such as Extended Producer Responsibility (EPR) schemes and targeted
government subsidies (FSB, 2024). These mechanisms are essential for stabilizing the financial
burden of high initial operating costs and incentivizing private sector investment. In the local
context, the UAE’s Circular Economy Policy 2021-2031 provides a strategic anchor for these
models, suggesting that tax breaks, grants, and public-private partnerships can mitigate market
volatility (Department for Business and Trade, 2025). When combined with mandatory recycling
laws, these policies ensure a steady flow of revenue and feedstock, securing the long-term

financial sustainability of the sector.

The initial capital investment for setting up a dedicated recycling facility is substantial.
According to industry experts, the costs of acquiring land, building facilities, and installing
specialized equipment to handle PV modules can be prohibitively high. Interviewees emphasized
the significant financial barrier posed by these initial setup costs. An official from Masdar noted,
“The expenses associated with land acquisition and facility construction are high in the UAE,
especially when it comes to setting up industrial sites equipped to handle hazardous materials
like PV panels.” This upfront expense is further complicated by the need to source advanced

technology for material separation and recovery.

In countries with established solar recycling industries, like Germany and Japan, substantial
government subsidies and financial support mechanisms have been instrumental in covering
capital costs. Germany, for instance, provides grants to offset facility construction costs,
particularly for infrastructure that supports resource recovery and environmental protection.

Adopting a similar approach in the UAE could alleviate some of the financial burden on private
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companies, incentivizing them to invest in solar panel recycling. The availability of subsidies for
infrastructure development could also encourage international firms with expertise in solar
recycling to establish operations in the UAE, bringing both investment and advanced

technologies.

The technological requirements for PV recycling further drive up the cost of setting up a facility.
Solar panels consist of layers of materials that are fused together, making it challenging to
separate each component effectively without advanced processing technologies. For example,
thermal and chemical processes are often necessary to recover high-purity silicon and other
valuable materials, which are essential for profitable recycling. However, these processes are
expensive and require specialized equipment that can withstand high temperatures and chemical
exposures. A DEWA representative highlighted this issue, noting, “The cost of acquiring the right
technology is high, and these expenses only increase with the need for efficient, environmentally

friendly processing methods.”

Technological advancements in automation and artificial intelligence (Al) have shown
potential to improve efficiency and reduce labour costs in recycling operations. However, adopting
such innovations involves additional capital investment, both in technology acquisition and
workforce training. Al-based sorting technologies, for instance, could streamline the separation
process and reduce waste, but they come with high upfront costs that may deter investment in a
nascent industry like solar panel recycling. The high cost of advanced technology, without
corresponding demand for recycled materials, poses a significant financial risk for potential

investors.

Establishing and operating a recycling facility requires a skilled workforce trained in handling and
processing solar panel materials. In the UAE, where solar panel recycling is a new industry,
companies face the added expense of training local workers or importing skilled labour from
countries with established recycling industries. Labour costs in the UAE are generally high,
particularly for specialized roles requiring technical expertise in recycling processes. A policy
advisor from the Ministry of Energy and Infrastructure remarked, “To create a self-sustaining
recycling industry, we need to build local expertise. This means significant investment in training

programs and workforce development, which are additional costs companies have to consider.”

Moreover, as solar panel recycling facilities require specific safety and environmental standards,

additional expenses are associated with compliance training and certifications. Companies must
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ensure that employees are well-versed in both recycling technology and environmental safety
regulations to meet government standards and avoid penalties. Workforce training and
development programs represent an ongoing expense that could strain a recycling facility’s

budget, especially in the early stages of industry development.

Once a recycling facility is established, ongoing operational and maintenance costs can
further challenge profitability. Recycling facilities incur regular expenses related to energy
consumption, equipment maintenance, waste disposal, and administrative overhead. Given that
PV recycling is an energy-intensive process, facilities often face high utility costs, which can erode
profit margins. Interviewees from the industry stressed that without operational subsidies or other
financial support mechanisms, maintaining a facility can become economically unsustainable over
time. An industry expert from Masdar observed, “The operational costs are high because solar
panel recycling requires both continuous energy and regular maintenance to keep machinery

functioning efficiently.”

Comparing these costs with those in countries like Germany and Japan provides useful insights.
In these nations, substantial government support has lowered the financial threshold for private
companies to enter the recycling sector. For instance, Germany’s model of public funding for
infrastructure development and operational support has been instrumental in covering both capital
and operational costs for companies. By offering similar financial mechanisms, the UAE could
reduce the economic burden of infrastructure development, making solar panel recycling a
financially feasible investment for private sector participants. A critical factor in determining the
financial viability of solar panel recycling in the UAE is the revenue potential from recovered
materials. Solar panels contain various valuable components, including silicon, aluminium,
copper, silver, and other trace elements, all of which have a market value and can generate
income if recovered efficiently. By establishing a market for these recycled materials, the UAE
can create a sustainable revenue stream that offsets recycling costs and supports the profitability

of recycling facilities.

The components within photovoltaic (PV) panels hold significant value due to their use in the
manufacturing of new solar panels and other electronics. Silicon, a primary material in solar cells,
is one of the most valuable components in PV recycling. Recovered silicon can be refined and
used in the production of new solar panels, which helps reduce the demand for virgin silicon.
According to industry estimates, high-purity silicon recovered from recycling commands a strong

price in global markets, particularly as demand for solar energy continues to grow.
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Aluminium, which is used in the frames of solar panels, is another valuable material that
can be recycled at a relatively low cost. Aluminium recycling requires less energy than producing
new aluminium, making it both economically and environmentally beneficial. Given the UAE’s
significant construction and manufacturing sectors, recycled aluminium from PV panels could
serve as a cost-effective resource for domestic industries. Industry experts from Masdar
highlighted the local potential for using recycled aluminium, noting, “Recovered aluminium could
be highly profitable in the UAE’s construction sector, which is consistently in need of sustainable
material sources.” Copper and silver, though present in smaller quantities within PV panels, are
valuable trace metals that enhance the overall profitability of recycling. The global demand for
these metals has increased in recent years, largely driven by their application in electronics and
renewable energy technologies. Recovering even small amounts of copper and silver from solar
panels can contribute to the financial sustainability of a recycling facility, especially when sold at
market prices. Additionally, the UAE’s regional position as a trade and manufacturing hub
presents an opportunity to export these recovered metals to neighbouring countries, creating an

additional revenue stream.

In addition to international demand, the UAE can capitalize on local and regional markets for
recycled materials. As the UAE continues to expand its renewable energy sector and adopt
circular economy practices, the demand for sustainable materials is expected to grow
domestically. For instance, silicon and aluminium recovered from PV panels could be used by
local solar panel manufacturers and electronics companies, reducing their reliance on imported
raw materials. By supplying recycled materials within the UAE, recycling facilities could not only
benefit from steady demand but also reduce the environmental and economic costs associated
with importing materials. The potential for regional export markets also presents a significant
revenue opportunity. Neighbouring countries in the Gulf Cooperation Council (GCC) are also
investing heavily in renewable energy projects and have an increasing demand for sustainable
materials. As a recycling industry leader within the Middle East, the UAE could establish itself as

a supplier of high-quality recycled materials for regional markets.

Material recovery from solar panels not only generates revenue but also supports the
UAE’s broader circular economy goals. By recovering materials from end-of-life panels, the UAE
reduces the need for new material extraction, which has economic and environmental costs. This
approach aligns with the UAE’s commitment to sustainability and resource conservation, as
recovered materials can be reintegrated into the economy rather than discarded as waste. A

policy advisor from the Ministry of Energy and Infrastructure explained, “A circular economy
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approach to solar panel recycling has dual benefits: it provides a steady revenue stream and
supports national sustainability objectives.” Furthermore, by creating a market for recycled PV
materials, the UAE can stimulate job creation and economic activity in related industries, such as
manufacturing, transportation, and material processing. These industries benefit from access to
locally sourced, sustainable materials, which reduce costs and support green manufacturing
practices. Additionally, the increased activity within the recycling sector could attract investment

and spur innovation, further contributing to the UAE’s economic diversification efforts.

While recycled materials hold considerable value, the prices of materials like silicon and
aluminium can fluctuate based on market conditions. Such price volatility can impact the
profitability of recycling operations, as revenue from recovered materials may vary over time. To
mitigate this risk, recycling facilities could explore contracts with local industries that secure fixed
prices for recycled components, providing a steady and predictable revenue stream. In other
countries with established recycling markets, such agreements between recycling facilities and

manufacturers have proven effective in stabilizing revenue despite market fluctuations.

Another approach to ensuring profitability is to implement government procurement
policies that prioritize the use of recycled materials in public infrastructure projects. By creating a
consistent demand for recycled components in sectors such as construction and renewable
energy, the UAE government could stabilize prices and support the long-term profitability of
recycling facilities. Several stakeholders suggested that such procurement policies would
strengthen the economic case for recycling and attract additional investment to the sector. To
achieve financial viability in the solar panel recycling industry, robust financial support
mechanisms are essential to offset high capital costs, operational expenses, and market risks. In
countries with established recycling industries, government support plays a key role in attracting
private sector investment and sustaining recycling efforts. For the UAE, introducing financial
incentives, subsidies, tax breaks, and public-private partnerships could help create an

environment conducive to the growth of a solar panel recycling industry.

Subsidies are among the most effective financial support mechanisms to lower the entry barriers
for companies interested in solar panel recycling. By providing financial assistance for
infrastructure development, technology acquisition, and operational costs, subsidies can
significantly reduce the financial burden associated with establishing and running recycling

facilities. An official from Masdar highlighted the importance of subsidies in an emerging industry
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like solar panel recycling, stating, “Subsidies would allow companies to manage start-up costs

more effectively, making recycling projects financially attractive in the long run.”

In Germany and Japan, government subsidies have been critical to supporting solar panel
recycling infrastructure. These countries offer grants and subsidies for equipment, facility
construction, and workforce development, creating a supportive environment for companies
entering the recycling industry. The UAE could adopt a similar approach by providing targeted
subsidies for recycling technology, which would lower costs and incentivize early investment in
the sector. Such subsidies could be especially beneficial in covering the expenses associated
with advanced recycling technologies that are essential for efficient material recovery from PV

panels.

Tax incentives represent another powerful financial tool to encourage investment in solar panel
recycling. By offering tax deductions, credits, or exemptions to companies that invest in recycling
facilities or use recycled materials in their products, the UAE government can provide long-term
financial benefits to companies that contribute to sustainability. These tax breaks could apply not
only to recycling facilities but also to manufacturers who incorporate recycled materials into new
solar panels, helping to create a market for recycled components. One policy advisor from the
Ministry of Energy and Infrastructure suggested that tax incentives would encourage both local
and international companies to engage in recycling efforts. The advisor noted, “Tax credits for
recycling infrastructure and the use of recycled materials would incentivize more companies to
participate, supporting a broader circular economy strategy.” By reducing operational costs and
increasing profitability, tax incentives could attract a range of stakeholders, from manufacturers

to logistics providers, fostering a comprehensive recycling ecosystem in the UAE.

In addition to credits for initial investments, the government could implement reduced tax rates
for profits generated from recycling operations, thereby rewarding companies that maintain
sustainable practices. For example, companies could receive a reduced tax rate for profits derived
from the sale of recycled materials, which would enhance the profitability of recycling ventures
and attract more investment into the sector. Such tax incentives have been used effectively in
industries that are capital-intensive and require substantial upfront investment, creating a reliable

stream of economic benefits for both companies and the government.

Public-private partnerships (PPPs) offer a collaborative approach to financing the solar

panel recycling industry. Under a PPP model, the government and private sector share the
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financial responsibilities and benefits of establishing recycling facilities, reducing the risk for
private investors. This approach has been successfully implemented in several countries to fund
infrastructure projects, particularly in industries that require significant capital investment, such as
renewable energy and recycling. By forming partnerships with private companies, the UAE
government could leverage both public funds and private expertise to build a sustainable recycling

industry.

In a PPP model, the government could provide initial funding and technical support, while private
companies contribute industry expertise, technology, and operational capacity. Interviewees
expressed optimism about PPPs as a way to address high initial costs and attract private
investors. A DEWA representative commented, “Public-private partnerships would allow the UAE
to build recycling infrastructure quickly and efficiently by combining resources from both sectors.”
This partnership approach aligns with the UAE’s broader economic goals, as it encourages

investment, stimulates job creation, and supports long-term sustainability objectives.

Public-private partnerships could also support workforce development through joint training
programs and knowledge-sharing initiatives. By working together, the government and private
companies could train local workers in specialized recycling processes, ensuring that facilities are
staffed by a skilled workforce and that the UAE develops local expertise in solar panel recycling.
Such collaborations could be expanded to include international companies with established
recycling capabilities, providing valuable insights and expertise to support the UAE’s recycling

goals.

Government procurement policies can play a crucial role in supporting the recycling
industry by creating demand for recycled materials. By requiring a certain percentage of recycled
content in publicly funded projects, the government can ensure consistent demand for recycled
components, which stabilizes market prices and encourages investment in recycling facilities.
This policy approach has been effective in countries with established circular economy practices,
as it not only generates demand but also sends a strong signal to the market that sustainability is
a national priority. For instance, government contracts for infrastructure projects, including the
construction of government buildings and public transportation systems, could mandate the use
of recycled materials, including those derived from solar panels. Such policies would provide a
reliable customer base for recycling facilities, increasing the economic viability of the industry. A
Masdar official noted that public procurement policies could offer “a steady revenue stream that

gives recycling facilities the assurance they need to invest and expand.” By prioritizing recycled
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contentin public sector projects, the UAE could set a precedent for private sector adoption, further

boosting demand for recycled materials.

In addition to creating market demand, government procurement policies could encourage
sustainable practices across multiple industries, building a culture of recycling and resource
conservation within the UAE. As private companies see the economic advantages of adopting
recycled materials, they may be more likely to incorporate these practices independently,

supporting the growth of a sustainable and self-sufficient recycling industry.

4.7 Chapter Summary

This chapter explored the challenges and opportunities of solar panel recycling in the UAE,
employing qualitative analysis to gain insights from stakeholders including government officials,
industry leaders, and environmental advocates. Using NVivo software, the study identified critical
themes such as infrastructural deficiencies, regulatory gaps, financial and logistical challenges,
and the potential for developing a sustainable recycling industry. The analysis highlights that while
the UAE has established itself as a leader in solar energy adoption, there is a significant lack of
infrastructure and regulatory frameworks to manage photovoltaic (PV) panels at the end of their
lifecycle. This gap not only poses environmental risks but also undermines the sustainability

objectives of the nation’s renewable energy strategy.

The absence of dedicated recycling facilities and policies is a critical barrier to the development
of the industry. Stakeholders emphasized that the high costs associated with establishing and
operating recycling facilities, coupled with limited market demand for recycled materials, have
deterred private sector investment. Furthermore, logistical challenges related to the collection and
transportation of end-of-life panels from remote installations add another layer of complexity.
There is also limited public and industry awareness about the importance and potential benefits
of solar panel recycling, which has hindered collective action toward creating a robust recycling

ecosystem.

Despite these challenges, the study identifies significant opportunities for growth and
development. Recovered materials such as silicon, aluminium, and silver hold considerable
economic value and could contribute to resource conservation and economic diversification.

Drawing on international examples, the research highlights the potential for the UAE to adopt
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policies like Extended Producer Responsibility (EPR) schemes, subsidies, and tax incentives to
stimulate investment and establish a financially viable recycling sector. Public-private
partnerships (PPPs) are seen as an effective mechanism to mobilize resources and expertise for
bridging infrastructural and financial gaps. The integration of advanced recycling technologies
and Al-driven sorting systems could further enhance efficiency and profitability, while
collaborations with experienced nations such as Germany and Japan could accelerate the

adoption of best practices and advanced technologies.

The financial viability of solar panel recycling in the UAE depends heavily on addressing high
initial capital costs, fostering market demand for recycled materials, and achieving operational
efficiencies. Establishing a local market for recycled components and securing stable revenue
streams through fixed-price contracts or government procurement policies could mitigate market
volatility and ensure long-term sustainability. The chapter concludes by emphasizing the need for
comprehensive policy frameworks and proactive government intervention to align solar panel
recycling with the UAE’s broader sustainability and economic diversification goals. A
collaborative, multi-stakeholder approach involving government, industry, academia, and public
institutions is critical for building a sustainable and economically viable solar panel recycling
industry.
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Chapter Five: Analysis and Discussion

5.1 Introduction

This chapter provides a comprehensive analysis of the findings gathered from the qualitative
interviews, document analysis, and case studies carried out as part of this research. The purpose
of this chapter is to explore the themes emerging from the data in relation to the research
objectives and to situate these findings within the broader context of the existing literature. By re-
examining the data through the lens of the research questions, this chapter aims to deliver a
nuanced interpretation of the financial, regulatory, and operational viability of solar panel recycling
in the UAE. This chapter not only presents a detailed thematic analysis but also provides an
insightful discussion that aligns the findings with the theoretical frameworks introduced earlier,

such as the concepts of circular economy and sustainable waste management.

5.2 Reintroduction of Chapter Purpose

The primary aim of this chapter is to bridge the gap between the findings and the overall
research objectives, thereby drawing meaningful insights into the feasibility of establishing a solar
panel recycling industry in the UAE. Specifically, this chapter examines how the research findings
address the three key research questions: the economic viability of solar panel recycling, the
policy and regulatory frameworks necessary to support this emerging industry, and the
opportunities and challenges that stakeholders perceive in the adoption of sustainable practices.
By synthesizing the insights from stakeholders, policymakers, and industry experts, the chapter
seeks to explore the practical implications of solar panel waste management within the unique
environmental and economic conditions of the UAE. The analysis presented here serves as the
foundation for drawing conclusions, offering recommendations, and informing future research

initiatives related to renewable energy and recycling infrastructure in the region.

5.3 Thematic Analysis

The thematic analysis distilled three core themes - economic viability, policy influences, and
technological challenges - that shape the feasibility of solar panel recycling in the UAE. These
themes, derived from qualitative interviews and case studies, are interlinked and critical to the

research objectives.
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5.3.1 Economic Viability

Economic viability has surfaced as a central theme throughout this analysis, spotlighting the
financial dynamics that shape the potential establishment of solar panel recycling in the UAE. This
recurring focus aligns seamlessly with observations in existing literature, particularly those
underscoring the steep costs tied to building recycling infrastructure. Studies reviewed, such as
those by Chowdhury et al. (2020) and Obaideen et al. (2021), pinpoint substantial upfront
investments in technology, infrastructure, and logistics as critical hurdles. These earlier works
echo the financial challenges stakeholders in the present analysis emphasize, notably the
daunting initial expense of cutting-edge recycling technologies - a barrier consistently highlighted

across discussions.

The spotlight on logistical costs and the call for government-backed incentives or subsidies
dovetails with policy-oriented insights from the literature. For instance, the UAE Vision 2021 and
Energy Strategy 2050 prioritize expanding clean energy while fostering sustainable practices
(UAE, 2024b; UAE, 2024c). These national frameworks position government incentives as vital
to offsetting the hefty startup costs of sustainability initiatives, a stance that resonates strongly
with stakeholders’ perspectives in this study. Similarly, Hummieda et al. (2023) and Alnagbi &
Alami (2023) stress the importance of subsidies and tax breaks, reinforcing the current research’s

findings on the pivotal role of state intervention in nurturing a financially feasible recycling sector.

Beyond reinforcing prior research, this analysis unveils fresh perspectives, particularly on how
solar panel recycling could intertwine with the UAE’s broader aims of economic diversification and
job growth. While studies like Gautam et al. (2021) link recycling to circular economy principles,
stakeholders here expand this narrative, spotlighting its untapped potential to bolster economic
diversification—an angle less traversed in prior literature. They argue that recycling’s economic
upside, including job opportunities and the retrieval of high-value materials like silicon, silver, and

aluminium, could meaningfully advance the UAE’s ambitions for economic transformation.

Thus, the findings strike a balance between echoing established research—especially on
financial obstacles and the need for government support—and carving out new ground by
exploring recycling’s wider socio-economic promise. This blend underscores a clear synergy
between economic incentives, sustainable practices, and national strategic goals, illuminating
both the hurdles and prospects of crafting a robust solar panel recycling framework in the UAE.

The analysis further reveals that the market value of recovered materials, such as silicon,
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aluminium, and rare metals, plays a decisive role in determining recycling profitability.
Stakeholders also voiced concerns about scalability, questioning whether returns from recycled
materials can offset the significant investments in technology and infrastructure. These factors
cement economic viability as a multifaceted yet indispensable pillar in shaping a sustainable

recycling industry.

Inspiration for the UAE’s recycling efforts can be drawn from global examples like Veolia’s
Frankfurt facility, where large-scale operations and high recovery rates have slashed processing
costs per ton. Likewise, South Africa’s DESCO model showcases how recycling can drive job
creation, aligning with the UAE’s diversification goals and offering a novel lens not extensively
examined in Middle Eastern contexts. Together, these insights and international benchmarks
enrich the case for a viable, impactful solar panel recycling industry in the UAE, blending

economic pragmatism with sustainability and innovation.

5.3.2 Policy Influences

The role of policy and regulatory frameworks emerged as a critical theme, with stakeholders
emphasizing the need for supportive governmental policies to drive solar panel recycling
adoption. The current lack of a cohesive policy framework and clear regulations poses a
significant barrier to progress, a challenge underscored by Alnagbi and Alami (2023), who

highlight the importance of robust regulatory environments for renewable initiatives.

Interview participants stressed that policy mechanisms - such as tax incentives, recycling
mandates, and subsidies—are essential to create a favourable environment for solar panel
recycling. These findings align with Salimi et al. (2022), who argue that fiscal incentives and
regulatory clarity motivate industry stakeholders to engage in sustainable waste management.
Without such measures, investments in recycling infrastructure risk being seen as financially

unviable, a concern echoed by Rabaia et al. (2021) and reinforced in this analysis.

Stakeholders also highlighted the value of strategic public-private partnerships (PPPs) in
promoting innovation and offsetting the financial burden of recycling infrastructure. This builds on
Kelly (2021), who notes that PPPs accelerate renewable energy projects by leveraging private

sector expertise and resources, fostering technological advancements while mitigating costs.

A well-defined policy structure could incentivize recycling practices, supporting the UAE’s
broader sustainability objectives as outlined in the UAE Energy Strategy 2050 (UAE, 2024c). By
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addressing regulatory gaps, the UAE can foster an environment conducive to solar panel

recycling, enhancing both environmental sustainability and economic diversification.

5.3.3 Technological Challenges

Technological challenges also emerged as a significant theme, with numerous stakeholders
pointing out the limitations of current recycling technologies and the need for technological
advancements to improve efficiency and reduce costs. The complexity of recycling solar panels,
involving the extraction of valuable but difficult-to-recover materials, was a recurring issue. The
lack of specialized recycling facilities in the region, as well as the need for advanced technologies
that can manage the unique composition of solar panels—including the recovery of toxic and rare
materials—was highlighted by participants. These findings are consistent with previous literature,
such as Xu et al. (2018), which noted the technological barriers associated with solar panel
recycling, including the inefficiency of existing methods to fully recover valuable materials.
Moreover, advancements in recycling technologies are needed to address the environmental
impacts of current processes, ensuring that recycling does not contribute to secondary
environmental issues, as discussed by Mahmoudi et al. (2021). The literature stresses the
importance of green and cost-effective technologies (Divya et al.,, 2023), echoing the

stakeholders' concerns regarding both financial feasibility and environmental responsibility.

The interview participants emphasized the necessity of policy mechanisms, including tax
incentives, recycling mandates, and supportive subsidies, as key drivers to establish a favourable
environment for solar panel recycling. These findings are consistent with Salimi et al. (2022), who
argued that fiscal incentives and regulatory clarity are essential for motivating industry
stakeholders to participate in sustainable waste management. Without such supportive
measures, investments in recycling infrastructure may be perceived as financially unviable, a

concern echoed in both the current analysis and earlier studies by Rabaia et al. (2021).

Additionally, stakeholders discussed the importance of strategic public-private partnerships in
promoting innovation and sharing the financial burden associated with recycling infrastructure.
This insight expands on the findings of Kelly (2021), who noted that public-private partnerships
play a vital role in accelerating renewable energy projects by leveraging private sector resources
and expertise. Such partnerships can mitigate the high costs of infrastructure while fostering
technological advancements in recycling processes, which are necessary for improving efficiency,

as supported by recent studies (Gonen & Kaplanoglu, 2019).
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Overall, the thematic analysis revealed that economic viability, policy influences, and
technological challenges are interdependent themes that collectively impact the feasibility of solar
panel recycling in the UAE. Addressing these themes through strategic investment, policy
support, and technological innovation will be key to establishing a successful and sustainable
solar panel recycling industry in the region. This aligns with the national strategies outlined in the
UAE Energy Strategy 2050 (UAE, 2024c), which emphasizes clean energy adoption as part of
the country's vision for sustainable development. By addressing the regulatory gaps and investing
in technological advancements, the UAE can create a conducive environment that supports solar
panel recycling, ultimately enhancing both environmental sustainability and economic

diversification.

5.4 Implications for Policy and Practice

The findings of this research carry several significant implications for policy and practice within
the context of solar panel recycling in the UAE. Addressing the challenges related to economic
viability, regulatory frameworks, and technological capabilities requires coordinated efforts from
multiple stakeholders, including government bodies, private sector players, and research
institutions. This section outlines the specific implications for each of these areas and provides
practical recommendations that could facilitate the development of a sustainable solar panel

recycling industry.

5.4.1 Policy Implications

The research highlights the need for cohesive policy frameworks to support and incentivize
solar panel recycling in the UAE. Current challenges, including the absence of clear regulations,
align with findings from previous studies that highlight the importance of comprehensive waste
management strategies (Researchandmarkets, 2023). In the UAE, the lack of regulatory support
for end-of-life solar panel disposal creates significant barriers to sustainable waste management,
similar to global challenges noted in countries where regulatory gaps hinder recycling efforts
(IRENA, 2016b; Altassan, 2023).

Successful policy models from Europe and Japan, such as those under the WEEE Directive,
show the benefits of extended producer responsibility (EPR) frameworks that place recycling

accountability on manufacturers (HSE, 2024; El-Khawad et al., 2022). These policies encourage
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producers to take active roles in the recycling process, thus ensuring that end-of-life management
is embedded in the lifecycle of solar panels. For the UAE, adopting a similar EPR-based model
could significantly enhance the country's ability to handle the increasing volume of solar panel
waste. Furthermore, financial incentives like tax breaks and subsidies, which have proven
effective in fostering recycling initiatives in Germany and Japan, could be instrumental in

motivating stakeholders across the solar value chain (Chowdhury et al., 2020).

5.4.2 Practical Implications for Industry

For the solar energy and recycling sectors, the findings emphasize the critical need for
collaborative efforts to overcome technological and economic barriers. As seen in other regions
such as Japan and Germany, forming strategic partnerships can help mitigate the high costs
associated with establishing specialized recycling infrastructure (ElI-Khawad et al., 2022; Gonen
& Kaplanoglu, 2019). In the UAE, similar collaborations could bridge existing gaps by pooling
resources for investment in advanced recycling facilities capable of handling complex materials

found in solar panels.

Public-private partnerships (PPPs) represent a practical path forward, allowing for shared
expertise, resources, and cost burdens, similar to successful models in the EU (Altassan, 2023).
By emulating these approaches, the UAE can scale up its recycling infrastructure efficiently.
Furthermore, industry training programs and workshops focused on solar panel recycling, akin to
initiatives in Japan (Goénen & Kaplanoglu, 2019), could significantly improve industry capability

and contribute to a culture of sustainability among stakeholders.

5.4.3 Technological Development

The study also points to an urgent need for investment in research and development (R&D) in
recycling technologies. As identified in the literature, technological advancements in mechanical,
chemical, and thermal recycling are crucial for improving both the recovery rate and the economic
viability of recycling solar panels (Strachala et al., 2017; Xu et al., 2018). For instance, Japan's
development of advanced chemical recycling methods using green solvents showcases the
potential for more environmentally friendly and effective technologies (Goénen & Kaplanoglu,
2019).

The UAE government could foster significant advancements by providing funding for R&D

focused on these innovative recycling technologies. Similar initiatives have been successful in
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other nations, where government-backed R&D has helped mitigate the environmental impact and
improved cost-efficiency (Bajagain et al., 2020). Furthermore, adopting international standards
and best practices, such as those implemented in Germany under the WEEE Directive, could help

the UAE achieve consistency with global environmental and safety benchmarks (HSE, 2024).

5.5 Chapter Summary

This chapter provided an in-depth analysis of the findings from the qualitative interviews,
document analysis, and case studies, discussing the themes of economic viability, policy
influences, and technological challenges in the context of solar panel recycling in the UAE.
Through thematic analysis and linking findings to existing literature, it was possible to highlight
how the UAE's unique context both aligns with and diverges from global practices. The
implications for policy, industry, and technological development were discussed, emphasizing the
need for coordinated, multi-level interventions to facilitate the growth of a sustainable solar panel
recycling industry in the UAE. These findings provide the foundation for the subsequent
conclusions and recommendations that will be presented in the next chapter, with a focus on
practical strategies for overcoming identified challenges and advancing the country's renewable

energy and sustainability goals.
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Chapter Six: Conclusions & Recommendations

6.1 Introduction

This chapter presents the conclusions drawn from the analysis and discussion of the research
findings on the feasibility of solar panel recycling in the UAE. The purpose of this chapter is to
summarize the key insights gained through this study, outline the contributions made to both
theory and practice, and provide recommendations that address the primary research objectives.
This chapter also discusses the limitations of the research and suggests avenues for future
exploration, ultimately concluding with reflections on the broader implications of this research for

renewable energy sustainability.

6.2 Summary of Key Findings

The research findings highlight the multifaceted nature of establishing a solar panel recycling
industry in the UAE, emphasizing the economic, policy, and technological dimensions that
influence its feasibility. The thematic analysis underscored that economic viability remains a
critical consideration, with substantial costs associated with recycling infrastructure, logistics, and
recovery processes. The need for government incentives and a sustainable business model that

takes into account market fluctuations of recovered materials is evident for ensuring profitability.

The research also revealed that the current policy framework is underdeveloped, which hinders
progress in the adoption of solar panel recycling practices. The absence of cohesive regulations
and well-defined recycling mandates makes it challenging for stakeholders to engage in
systematic recycling initiatives. The findings call for the establishment of a supportive regulatory
environment, encompassing tax incentives, extended producer responsibility (EPR), and public-

private partnerships, to foster industry engagement.

Technological challenges emerged as another significant barrier, highlighting the complexities
of extracting valuable materials from end-of-life solar panels and the need for specialized facilities.
The need for technological innovation and the development of localized recycling solutions are
crucial in addressing these challenges. Investment in advanced technologies, combined with an
emphasis on minimizing environmental impacts, would help make solar panel recycling both

technically feasible and economically beneficial.
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6.3 Contributions to Knowledge

This research makes distinct contributions to the fields of environmental economics and
sustainable business management by evaluating the financial viability of PV recycling within a

previously under-researched geographic and regulatory context.
6.3.1 Theoretical Contributions

This study advances the application of Stakeholder Theory and the Resource-Based View (RBV)
within the renewable energy sector. While prior literature has focused on technical recovery rates
(Gautam et al., 2021), this research enriches theoretical discourse by integrating financial viability

with the specific "policy-waste gap" prevalent in the Middle East.

o Stakeholder Alignment: It contributes a new understanding of how the absence of
Extended Producer Responsibility (EPR) legislation creates a "market failure" that disrupts

stakeholder alignment between manufacturers and recyclers.

o RBV in Emerging Markets: It distinguishes itself from earlier studies (e.g., Chowdhury et
al., 2020) by theorizing how "green capabilities" in desert environments—specifically the
management of high-degradation PV waste—can provide a competitive advantage for
UAE firms. This bridges a gap in Middle Eastern contexts that was absent from global

literature prior to 2023.
6.3.2 Practical Contributions

The research offers a strategic roadmap for UAE policymakers and solar industry stakeholders,
specifically tailored to the objectives of the UAE Circular Economy Policy 2021-2031 and Energy
Strategy 2050.

e Operational Roadmap: Unlike region-agnostic studies, this thesis identifies specific
revenue-stabilization mechanisms, such as government-backed "take-back" contracts
and secondary material market incentives, which are critical for the UAE’s unique

economic structure.
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Systemic Risk Mitigation: By citing recent 2024-2025 reports on SME digital and
operational resilience (FSB, 2024; Eclarity Solutions, 2025), the study provides a
framework for mitigating the systemic financial risks associated with the rapid
accumulation of solar waste. It offers actionable insights for Masdar and the Dubai
Electricity and Water Authority (DEWA) on how to integrate end-of-life costs into the initial

Power Purchase Agreements (PPA).

6.3.3 Methodological Contributions

In response to the examiner’s feedback, the methodological contribution has been re-evaluated

to emphasize the value of Expert-Led Qualitative Modeling in pre-emergent industries.

The "Data-Scarcity" Framework: This study provides a methodological blueprint for
conducting business research in sectors where historical quantitative data (such as actual
recycling plant ROI) is non-existent. By utilizing a qualitative business case study
approach with elite stakeholder interviews, the research demonstrates how "sentiment-

based financial modeling" can act as a proxy for market readiness.

Complementing Technical Analysis: While previous studies (e.g., Xu et al., 2018) rely on
lab-based technical analyses, this research introduces a "human-centered lens" that
identifies the behavioral and regulatory barriers that technical models often ignore. It
contributes a validated interview protocol for assessing the "Circular Economy Maturity"
of a national energy sector, which can be replicated in other rapidly developing economies

(RDEs) facing similar waste challenges.

Distinction from Recent Studies: This thesis is distinguished from 2024 studies (e.g., Smith
& Al-Maktoum, 2024) by its unique focus on the DBA practitioner perspective, prioritizing
the managerial decision-making process over purely academic environmental modeling.
It provides a synthesis of document analysis and expert testimony that transforms abstract

sustainability goals into a tangible business case.

6.4 Practical Recommendations

Based on the research findings, several practical recommendations are proposed to facilitate

the development of a solar panel recycling industry in the UAE:
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6.4.1 Policy Development

The government must prioritize comprehensive policies for solar panel lifecycle management,
with a focus on recycling and sustainable waste management. A robust framework should
mandate recycling through an Extended Producer Responsibility (EPR) approach, requiring
manufacturers to fund and manage the disposal and recycling of their panels. This would ensure
accountability across the value chain, compelling stakeholders - such as firms like DEWA or
Masdar—to integrate recycling costs into project budgets and adopt environmentally responsible
practices. To encourage investment in recycling technologies and infrastructure, financial
incentives like tax breaks and subsidies should target initial facility setup and operational costs,

reducing economic barriers for businesses.

6.4.2 Public-Private Partnerships

PPPs should pool government and industry resources to establish recycling plants. Industry-
specific actions include solar firms (e.g., Noor Abu Dhabi operators) collaborating with waste
management companies to pilot collection systems from large-scale sites like the Mohammed bin

Rashid Al Maktoum Solar Park, leveraging existing infrastructure for efficiency.

6.4.3 Investment in Technology

Invest in R&D for advanced recycling technologies (e.g., Al-driven sorting, chemical recovery).
Solar manufacturers should partner with tech firms to develop UAE-specific solutions, such as
dust-resistant panel designs that ease disassembly, tailored to the desert climate. Local research

hubs like Masdar Institute could lead this effort.

6.4.4 Awareness and Training Programs

Launch campaigns and training for stakeholders. Industry-specific training should target solar
technicians at sites like Shams Dubai, equipping them to handle end-of-life panels, while

awareness efforts engage developers to prioritize recyclable panel designs.

6.4.5 Industry Collaboration

Solar industry associations, such as those under DEWA or Masdar, should create a task force
to standardize recycling protocols, ensuring solar farms and rooftop installers adopt consistent

waste management practices aligned with EPR mandates.
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6.5 Limitations of the Study

While this research provides a pioneering framework for the financial viability of solar
panel recycling in the UAE, several limitations inherent in the study’s design and scope must be
acknowledged. These limitations provide the necessary context for interpreting the results and

establish a roadmap for future academic inquiry.

6.5.1 Methodological Boundaries and Lack of Quantification

The primary limitation of this study is its reliance on a qualitative case study methodology. While
this approach was essential for exploring the "how" and "why" of an emerging industry where
historical data is non-existent, it lacks the mathematical precision of a quantitative financial model.
The study identifies potential revenue streams and cost drivers through stakeholder sentiment,
but it does not provide a primary-data-driven Net Present Value (NPV) or Internal Rate of Return
(IRR) based on actual plant operations in the UAE. Consequently, the findings regarding "financial

viability" remain conceptual and descriptive rather than predictive.

6.5.2 Geographic and Contextual Specificity

The research is intentionally bounded by the geographical and regulatory confines of the United
Arab Emirates. While this fills a significant gap in MENA-specific literature, it limits the
generalizability of the findings. The UAE’s unique economic landscape—characterized by
subsidized energy costs, a specific migrant labor market, and extreme climatic conditions that
accelerate panel degradation—means that the financial roadmap proposed here may not be
directly applicable to European or North American contexts where Extended Producer
Responsibility (EPR) laws are already mature. The "policy-waste gap" identified in this study is a

local phenomenon that requires local solutions.

6.5.3 Sampling and Stakeholder Representation

The study’s empirical evidence is drawn from a purposive sample of 12 key stakeholders. While
these participants represent "elite" perspectives from government, industry leaders like Masdar,
and academia, the sample size is relatively small. There is a potential for "selection bias," as

participants who agreed to be interviewed may have a vested interest in promoting the solar
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industry, potentially leading to an overly optimistic view of recycling viability. Furthermore, the
perspectives of small-scale solar installers and end-consumers (residential users) were not
captured, leaving a gap in understanding the "last-mile" collection challenges in the recycling

supply chain.

6.5.4 Technical and Environmental Depth

A notable limitation is the absence of a detailed technical feasibility analysis or a Life Cycle
Assessment (LCA). While the study touches upon technological growth opportunities, it does not
evaluate the specific chemical or mechanical efficiency of recycling various PV types (e.g.,
Monocrystalline vs. Thin-film) under UAE environmental conditions. Without an LCA, the research
cannot definitively quantify the "net environmental gain" of recycling versus landfilling in the UAE,

which is a critical component of the broader business case for circular economy investment.

6.5.5 Longitudinal Constraints

Finally, this research represents a "snapshot" of the UAE solar industry as of 2025. Given the
rapid pace of technological innovation and the evolving nature of UAE environmental legislation
(such as the Circular Economy Policy 2021-2031), the findings are subject to temporal decay.
Recent literature from late 2024 and early 2025 has already begun to explore Al-driven sorting
and secondary material markets, areas that were in their infancy when this data collection began.
Therefore, the financial viability identified today may be significantly altered by a sudden shift in

global silver prices or a breakthrough in low-cost panel manufacturing.

6.6 Future Research Directions

Building on the findings and limitations identified in this study, several areas for future research
emerge that could deepen understanding and address gaps in the existing knowledge base.
These suggestions aim to enhance both theoretical and practical frameworks for solar panel

recycling and its broader integration into sustainability initiatives.

Future studies could integrate quantitative methods, such as cost-benefit analysis and life-
cycle assessment (LCA), to complement the predominantly qualitative findings of this research.

Quantitative evaluations would provide a robust framework for assessing the economic and
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environmental feasibility of solar panel recycling initiatives. By incorporating financial and
sustainability metrics, this approach could aid policymakers and stakeholders in developing data-

driven strategies and policies that optimize resource allocation and environmental outcomes.

Quantitative studies, such as cost-benefit analyses of recycling facilities or surveys of 500+
solar industry stakeholders across the UAE and GCC, could validate economic viability and policy
preferences. Life-cycle assessments (LCA) with larger samples could quantify environmental
impacts, while longitudinal studies tracking 100+ solar installations over 20 years could assess

waste generation trends, enhancing the findings’ robustness.

Comparative studies on policy evaluation hold promise for identifying best practices and
actionable strategies. By examining established solar panel recycling frameworks in countries
with mature systems, such as those in the European Union, researchers could extract lessons on
effective regulatory instruments. Such analysis would enable the adaptation and implementation
of proven frameworks within the unique socio-economic and environmental context of the UAE,

fostering more efficient and effective recycling policies.

Further research into technological innovation in recycling is critical to addressing the specific
needs of the UAE. This includes exploring localized technologies that account for the country's
climatic and resource constraints. Innovations in extracting valuable materials, improving
efficiency in existing recycling methods, and reducing costs through advanced processes could

significantly enhance the feasibility and scalability of recycling initiatives.

Broadening the focus to include stakeholder engagement is another important avenue for
future exploration. Expanding the scope to incorporate diverse perspectives, such as those of
consumers, local communities, and non-governmental organizations (NGOs), can provide a more
holistic view of the societal dimensions of solar panel recycling. Understanding public perceptions,
concerns, and motivations will be crucial for designing inclusive policies that foster widespread

community support and participation.

Longitudinal research on the solar panel lifecycle would provide valuable insights into the long-
term implications of recycling programs. By tracking panels from manufacturing through to end-
of-life, researchers could better understand the economic, environmental, and technological
factors that influence recycling feasibility. Such studies could also identify trends and emergent

challenges that may arise as the industry evolves, thereby enabling proactive solutions.
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Finally, in-depth exploration of the economic feasibility and market dynamics surrounding
recycled solar panel materials is essential. This includes analysing supply and demand trends,
pricing structures, and the potential for developing competitive markets for recovered materials.
Such studies would offer clarity on the financial sustainability of recycling initiatives, helping

stakeholders identify opportunities to enhance profitability and market integration.

These proposed avenues for future research collectively aim to advance the field of solar panel
recycling by providing comprehensive, data-driven insights that support sustainable energy
transitions. Through interdisciplinary and multi-stakeholder approaches, these efforts can

contribute to the creation of more resilient and efficient systems for managing solar panel waste.

6.7 Recommendations and Practical Implementation

6.7.1 Recommendations for Policymakers

The establishment of a cohesive regulatory framework is imperative for the development of a
solar panel recycling industry in the UAE. Policymakers are advised to enact specific regulations
that mandate solar panel recycling, supported by robust enforcement mechanisms. Additionally,
the introduction of extended producer responsibility (EPR) laws will require manufacturers to be
accountable for the end-of-life management of their products. This would help ensure that solar

panels are managed in an environmentally sound manner throughout their lifecycle.

Governmental financial support is essential to alleviate the cost barriers associated with
recycling infrastructure and processes. Financial incentives such as tax exemptions, subsidies,
and low-interest loans could encourage private sector investment in solar panel recycling. These
incentives can be specifically targeted at companies willing to establish specialized recycling

facilities or invest in advanced recycling technologies.

To accelerate the growth of solar panel recycling, the government should facilitate public-
private partnerships (PPPs). Such collaborations will help pool resources, spread the financial
risks, and encourage innovation. Policymakers can create a conducive environment for these
partnerships by providing a legal framework that clearly defines roles, responsibilities, and

benefits for all involved stakeholders.
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6.7.2 Recommendations for Industry Stakeholders

Industry stakeholders, including manufacturers and solar farm operators, should invest in
innovative recycling technologies that are efficient and environmentally friendly. Investment in
technology can enhance the extraction of valuable materials from solar panels, improving both
economic returns and environmental outcomes. Collaborating with research institutions can also
provide access to the latest advancements and promote the localization of technologies suited to
the UAE context.

To ensure the sustainable management of solar panel waste, industry players need to develop
best practices and standardized procedures for collection, dismantling, and recycling.
Establishing clear industry guidelines will streamline recycling processes and set a standard for
quality and safety. Best practices should include protocols for safe handling of hazardous

materials and maximizing resource recovery from solar panels.

There is a need for comprehensive awareness and training programs that inform stakeholders
across the value chain about the benefits and importance of solar panel recycling. Solar
companies and industry associations can collaborate to develop workshops, seminars, and
training sessions to educate technicians, policymakers, and the public on best practices for

recycling and the economic and environmental benefits of sustainable solar waste management.

6.7.3 Recommendations for Research Institutions

Research institutions play a crucial role in overcoming the technological barriers to solar panel
recycling. Future research should focus on developing localized technologies that can efficiently
recover materials while considering the unique characteristics of solar panels used in the UAE.
Collaboration with industry stakeholders will be key to ensuring that the technologies developed

are practical and aligned with industry needs.

Research institutions should conduct feasibility studies and pilot projects to test new recycling
technologies and business models in real-world settings. These studies would provide data-driven
insights into the economic and operational feasibility of various recycling approaches, helping

stakeholders make informed decisions on scaling up these practices.

Given the complexity of solar panel recycling, it is essential to foster cross-disciplinary research

collaboration that brings together experts from fields such as materials science, engineering,
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environmental studies, and economics. Such collaborations can lead to innovative solutions that
address not only the technological aspects of recycling but also economic, social, and policy-

related challenges.

6.8 Pathways to Implementation

Establishing a national roadmap for solar panel recycling is a foundational step toward
implementing effective recycling strategies. This roadmap should articulate clear, measurable
goals, accompanied by defined timelines and the roles of various stakeholders, including
government bodies, industry leaders, academic institutions, and civil society organizations.
Collaboration and consensus-building are essential in this process, ensuring alignment with the
UAE’s overarching sustainability goals and energy transition strategies. By fostering an inclusive
dialogue among these groups, the government can create a shared vision that integrates
economic, environmental, and social priorities. This roadmap should also identify resource needs,
outline regulatory frameworks, and incorporate mechanisms for continuous stakeholder

engagement.

Launching pilot programs and demonstration projects is a practical step to test and refine solar
panel recycling technologies and business models. These initiatives serve as laboratories for
innovation, providing opportunities to evaluate the performance of recycling methods under real-
world conditions. Collaborating with industry players, local governments, and research
institutions, these pilot projects can offer critical insights into operational challenges, cost
structures, and market dynamics. The lessons learned from these projects will inform subsequent
policy design and technological investments, enabling scaling efforts to be grounded in empirical
evidence. Moreover, successful pilot programs can serve as proof of concept, attracting additional

investment and fostering public confidence in recycling initiatives.

The establishment of robust monitoring and evaluation (M&E) mechanisms is essential to
ensure the effectiveness and accountability of recycling initiatives. These systems should track
progress against predefined objectives, including environmental benefits, economic viability, and
stakeholder participation. M&E frameworks must also be dynamic, allowing for adjustments based
on periodic reviews and new insights. Regular reporting and transparent dissemination of findings
will promote accountability and encourage sustained commitment from all involved parties. By

identifying areas that require further support or policy recalibration, M&E mechanisms ensure that



Page | 132

the recycling ecosystem evolves in response to emerging challenges and opportunities,

maintaining its alignment with national sustainability goals.

Together, these pathways form an actionable framework for implementing solar panel recycling
initiatives in the UAE. By combining strategic planning, evidence-based experimentation, and
continuous evaluation, these efforts can build a resilient, efficient, and scalable recycling

ecosystem that supports the country's transition to a sustainable energy future.
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Appendix A: Interview Questions

Section 1: Introduction
1. Can you briefly describe your role and involvement in the solar energy sector within your

current organization in the UAE?

Section 2: Current Status of Solar Panel Recycling in the UAE
2. What is your assessment of the current status of solar panel recycling in the UAE?
3. What are the major challenges currently facing solar panel recycling in the UAE?
4. Are there any existing initiatives or policies in place to promote solar panel recycling?

How effective do you think they are?

Section 3: Economic and Financial Considerations
5. From your perspective, what are the financial implications of establishing a solar panel
recycling industry in the UAE?
6. What are the potential revenue streams from solar panel recycling, and how do they
compare to the costs involved?
7. How do market conditions, such as the demand for recovered materials, impact the

financial feasibility of solar panel recycling?

Section 4: Environmental and Policy Impacts
8. In what ways do you think solar panel recycling can contribute to the UAE’s sustainability
goals?
9. What role do you think government policies and incentives should play in promoting
solar panel recycling?
10. Can you identify any successful models or best practices from other regions that the

UAE could adopt?
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Section 5: Future Outlook and Recommendations
11. Looking ahead, what are the key opportunities and challenges you foresee for solar
panel recycling in the UAE over the next decade?
12. What recommendations would you make to policymakers, industry stakeholders, or

investors interested in developing the solar panel recycling sector?

Section 6: Conclusion

13. Is there anything else you would like to add that we haven’t covered in this interview?
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