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Abstract: The recycling of solar panel cells has undergone a transformative journey, encompassing the past, present,
and future of sustainable practices within the renewable energy sector. This abstract explores the evolution of solar
panel recycling from its early stages to the current state of the industry and anticipates future trends. In the past,
recycling methods were rudimentary, with little focus on the recovery of valuable materials. Today, innovative
approaches have emerged, leading to more efficient and environmentally friendly recycling processes. Current
methodologies aim to extract and reuse valuable components like metals and polymers while reducing environmental
impact. Looking ahead, the future of solar panel recycling will continue to evolve, with ongoing research dedicated
to enhancing efficiency, reducing costs, and broadening the range of recoverable materials. As solar energy adoption
grows, establishing strategically located recycling centers and adopting sustainable practices will be pivotal for the
long-term sustainability of solar technology. This abstract underscores the significance of sustainable practices in
the solar industry and their role in maintaining solar power as a clean and renewable energy source for the future.
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1. INTRODUCTION

Solar panels are a sustainable and renewable energy solution that captures sunlight and converts it into electricity, offering
environmental and economic benefits. As technology advances and becomes more affordable, solar panels are increasingly
becoming a practical choice for individuals, businesses and governments looking to reduce their carbon footprint and
reliance on fossil fuels.

Solar panels, also known as photovoltaic (PV) panels, they are devices designed to capture sunlight and convert it into
usable electricity. They are a key component of solar power systems, harnessing the abundant and renewable energy
provided by the sun. Furthermore, solar panels have become increasingly popular in recent years due to their ability to
generate clean and sustainable electricity while reducing reliance on traditional fossil fuels. However, solar panels work on
the principle of the photovoltaic effect. They are made up of numerous solar cells, usually composed of silicon, which is a
semiconductor material. When sunlight, which is composed of tiny packets of energy, called photon strikes the solar cells,
it excites electrons within the cells hereby generating an electric current (Zweibel, 2013).

There are several types of solar panels available, but the most common ones are monocrystalline, polycrystalline, and thin-
film panels (Taraba et al., 2019). Each type has its own characteristics in terms of efficiency, cost, and appearance. Solar
panel efficiency refers to how well a panel converts sunlight into electricity. The efficiency of a panel is an important factor
to consider when choosing a solar system. Higher efficiency panels are capable of converting more sunlight into electricity
(Fouad et al., 2017). Typically, solar panels are installed on rooftops, but they can also be ground-mounted or integrated
into various structures. The ideal location for installation depends on factors like the local climate, the angle and orientation
of the panels, and shading. Also, solar panels produce direct current (DC) electricity, while most household appliances and
the electrical grid use alternating current (AC) (Arunkumar et al., 2019). Inverters are used to convert the DC electricity
generated by the panels into AC electricity for use in homes and businesses.

Page | 11
Paper Publications



http://www.paperpublications.org/
https://doi.org/10.5281/zenodo.10577851

ISSN 2349-7815

International Journal of Recent Research in Electrical and Electronics Engineering (IJRREEE)
Vol. 11, Issue 1, pp: (11-30), Month: January - March 2024, Available at: www.paperpublications.org

In many regions, excess electricity generated by solar panels can be fed back into the grid. This is often done through a
process called net metering, which allows homeowners to earn credits for the surplus energy they produce and share with
the grid. Solar panels are environmentally friendly energy source because they produce electricity without emitting
greenhouse gases or other pollutants. They play a crucial role in reducing carbon emissions and combating climate change.
Installing solar panels can lead to cost savings over time, as they can significantly reduce electricity bills. In some cases,
excess energy production can result in income through government incentives or selling surplus energy to the grid. Solar
panels are generally low-maintenance, requiring periodic cleaning and occasional checks for damage or debris and they
have a long lifespan, often lasting 25 years or more (Lazarescu, 2015).

Research and development in the field of solar panels continue to improve efficiency and reduce costs; emerging
technologies such as solar tiles and transparent solar panels hold promise for integrating solar power into various
architectural designs.

2. THEHISTORY OF SOLAR PANELS

The history of solar panels is a fascinating journey that spans several centuries. Here's a brief overview of the key milestones
in the development of solar panels:

2.1Early Observations of solar energy (7th Century BCE - 19th Century CE): The basic principles behind solar energy
conversion were known to ancient civilizations. Early observations and applications of solar energy date back to ancient
civilizations and continued through various historical periods. Some notable early observations and uses of solar energy
from the 7th Century BCE to the 19th Century CE are: The Greeks and Chinese, for example, used magnifying glasses and
mirrors to concentrate sunlight for heating and fire starting. The ancient Greece and Rome, architects and engineers designed
buildings with a keen understanding of the sun's path. Structures like the Parthenon in Athens and the Roman bathhouses
were oriented to maximize natural lighting and warmth during the day. Also, the Byzantine Empire is believed to have used
a form of solar energy in warfare. They used a weapon known as "Greek fire," which was an incendiary substance that was
ignited and projected towards enemy ships. The mirrors, called "burning mirrors" or "death rays," were used to focus
sunlight onto the enemy's ships and ignite them. Sundials, which used the position of the sun's shadow to indicate time,
were developed in ancient civilizations such as Egypt and Babylon. These early timekeeping devices relied on the sun's
position in the sky. In 1839, French physicist Alexandre-Edmond Becquerel made a significant discovery known as the
photovoltaic effect. He observed that certain materials produce an electric current when exposed to sunlight, laying the
foundation for the development of photovoltaic cells, which are the building blocks of modern solar panels (Mondal, &
Bansal, 2015; Hoang, 2017; Karaagag et al., 2023).

These early observations and uses of solar energy laid the groundwork for the development of modern solar technologies,
including solar panels and photovoltaic systems. Over the centuries, understanding of solar energy and its practical
applications evolved, eventually leading to the development of the solar panels we use today (Mondal, & Bansal, 2015;
Hoang, 2017; Karaagag et al., 2023).

2.2 First Solar Cell (1839): Although the photovoltaic effect was discovered by French physicist Alexandre-Edmond
Becquerel in 1839, the first true solar cell, as we understand it today, was not developed until the mid-20th century.
Becquerel's work in 1839 laid the theoretical foundation for the development of solar cells, but it took several decades of
scientific research and technological advancements before the first practical photovoltaic cell was created (Williams, 2023).

The key breakthrough came in 1954 when Bell Laboratories introduced the first practical solar cell made from silicon.
Scientists Calvin Fuller, Gerald Pearson and Daryl Chapin developed this photovoltaic cell, which is often considered the
first true solar cell. 1t was more efficient and reliable than earlier attempts and marked a significant step in the development
of photovoltaic technology. This solar cell was used in various applications, including powering early satellites and space
missions.

While the initial solar cells in the 1950s were relatively expensive and not very efficient by today's standards, they paved
the way for further research and improvements in solar cell technology. These early solar cells were an important precursor
to the solar panels and photovoltaic systems that we rely on for clean and renewable electricity generation today (Sharma
et al., 2015; Ranabhat et al., 2016).
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2.3Albert Einstein's Photoelectric Theory (1905): Albert Einstein's theory on the photoelectric effect, published in 1905,
was a groundbreaking contribution to the understanding of the behavior of light and its interaction with matter. While this
theory was not directly related to the invention of solar cells, it was a pivotal advancement in the field of quantum physics
and laid the foundation for the development of photovoltaic (PV) technology.

In his 1905 paper on the photoelectric effect, Albert Einstein proposed several key ideas:

e Light as Photons: Einstein introduced the concept that light consists of discrete packets of energy called "photons."
This idea challenged the classical wave theory of light and suggested that light energy is quantized.

e Energy Threshold: Einstein explained that the photoelectric effect occurs when light with a sufficiently high frequency
(energy per photon) strikes a material. If the energy of the incoming photons is above a certain threshold, they can dislodge
electrons from the material.

e Electron Ejection: When photons strike the surface of a material and their energy exceeds the binding energy of
electrons in that material, the electrons are ejected from the material. These ejected electrons are known as "photoelectrons.”

e Electric Current Generation: The ejection of electrons from the material leads to the generation of an electric current,
which is the basis of the photoelectric effect. This concept is at the core of photovoltaic technology.

While Einstein's work on the photoelectric effect wasn't directly related to solar cells, it provided a fundamental
understanding of the relationship between light and the emission of electrons from a material. This understanding of the
interaction between photons and electrons was crucial in the later development of solar cells and photovoltaic technology.

Also, solar cells which convert sunlight into electricity by utilizing the photovoltaic effect rely on similar principles where
incoming photons excite electrons in semiconductor materials, generating an electric current. Einstein's work in 1905
contributed to the theoretical underpinnings of modern photovoltaics and solid-state physics. This theoretical work laid the
groundwork for the development of more efficient solar cells, even though the practical development of solar cells came
several decades later ((Mondal, & Bansal, 2015; Sharma et al., 2015; Ranabhat et al., 2016; Hoang, 2017; Karaagag et al.,
2023).

2.4Bell Laboratories' Breakthrough (1954): Bell Laboratories (now part of Nokia Bell Labs), the breakthrough at Bell
Laboratories in 1954 was a pivotal moment in the history of solar technology. It marked the development of the first practical
and efficient photovoltaic cell, which is often considered the first true solar cell. This achievement was made possible by a
team of scientists, including Calvin Fuller, Gerald Pearson, and Daryl Chapin.

Key details of Bell Laboratories' breakthrough in 1954 include:

o Development of the Silicon Solar Cell: The team at Bell Laboratories developed a solar cell using a crystalline silicon
wafer. This silicon-based solar cell was significantly more efficient and reliable than earlier attempts, making it a practical
source of electricity generation from sunlight.

o High Efficiency: The newly developed solar cell had an efficiency of around 6%, which was a significant improvement
compared to earlier solar cell prototypes that had much lower efficiencies.

e Solar Cell Applications: The Bell Laboratories team recognized the potential of their invention and saw immediate
applications in the field of telecommunications. They used their solar cell to power the first practical solar-powered
telephone system in Americus, Georgia.

e Space Exploration: The improved solar cell technology was quickly adopted for use in space exploration. It powered
various early satellites and spacecraft, including the VVanguard 1 satellite launched in 1958. Solar cells proved highly reliable
and efficient for providing electricity in the vacuum of space and in orbit around the Earth.

o Growth of the Solar Industry: The success of the silicon-based solar cell from Bell Laboratories played a crucial role
in the growth of the solar industry. It laid the foundation for the development of modern photovoltaic technology, which
continues to be used in solar panels today.

e Continued Research: Following this breakthrough, research into solar cell technology continued, leading to further
advancements in efficiency and cost-effectiveness. Over the decades, solar cells have become increasingly efficient and
affordable, contributing to the widespread adoption of solar energy as a clean and renewable power source.
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The work at Bell Laboratories in 1954 represents a significant turning point in the development of solar technology, as it
marked the creation of a practical solar cell that could efficiently convert sunlight into electricity. This milestone set the
stage for the further development and commercialization of solar panels and photovoltaic systems, which have become a
key component of modern renewable energy production (Raizen, 2018; Lenfle, 2019; Georgescu, 2022).

3. 1970°’S SOLAR CELLS

The 1970s marked a significant turning point in the history of solar energy, with the development of solar photovoltaic (PV)
technology and the start of a global effort to harness the power of the sun for electricity generation. From the 1970s to the
present, solar energy has seen substantial growth and evolution, including advancements in technology, policy support, and
market adoption. Here are some key developments during this period:

¢ Oil Crisis and the Birth of Modern Solar Energy (1970s):

The oil crises of the 1970s, including the Arab Oil Embargo, led to a renewed interest in alternative energy sources,
including solar power.

The U.S. government initiated the Solar Energy Research Institute (SERI), now known as the National Renewable Energy
Laboratory (NREL), to promote solar research.

e First Photovoltaic Installations:

The 1970s saw the installation of some of the first photovoltaic systems for electricity generation, particularly in remote
and off-grid locations where solar power was cost-effective.

e Advancements in Solar Cell Technology:

Research and development in solar cell technology led to improved efficiency and the commercialization of monocrystalline
and polycrystalline silicon solar panels.

¢ Net Metering and Feed-In Tariffs:

Various countries introduced net metering and feed-in tariff programs, which allowed individuals and businesses to connect
their solar systems to the grid and receive credit for surplus electricity production.

» Space Applications:

Solar panels continued to be used in space exploration, powering satellites, space probes, and the International Space
Station.

* Emerging Thin-Film Solar Technology:

The technology of thin-film solar cells, which provides both flexibility and reduced manufacturing expenses started to
garner interest as a substitute for conventional crystalline silicon solar cells.

+ Solar Industry Growth:

The solar industry grew rapidly, with many new manufacturers entering the market, leading to economies of scale and cost
reductions.

« Government Incentives:

Governments worldwide introduced incentives, tax credits, and subsidies to encourage the installation of solar panels.
Notable programs include the U.S. Investment Tax Credit (ITC) and the German feed-in tariff program.

» Solar Power Plants:

Utility-scale solar power plants, both photovoltaic and concentrating solar power (CSP), became more common,
contributing to large-scale electricity generation.

» Energy Storage Integration:

Advances in energy storage, including batteries, allowed for greater integration of solar power into the grid and improved
grid stability.
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« Solar in Developing Countries:

Solar energy found applications in off-grid regions and developing countries, providing electricity to areas that lacked
access to traditional power sources.

» Solar Innovation and Research:

Ongoing research efforts focused on improving solar panel efficiency, durability, and new materials, including next-
generation solar cell technologies such as perovskite solar cells.

» Solar in Building Design:

Solar panels were increasingly integrated into architectural designs, including the development of solar shingles and
transparent solar windows.

* Global Solar Boom:

Solar energy experienced significant growth in capacity and deployment, with many countries setting ambitious renewable
energy targets.

* Environmental and Economic Benefits:

Solar energy played a crucial role in reducing carbon emissions and dependence on fossil fuels while creating jobs in the
renewable energy sector (Fraas, & O’Neill, 2023).

The period from the 1970s to the present has seen remarkable progress in the solar industry, with a significant increase in
solar panel efficiency and a substantial reduction in the cost of solar installations. Solar energy has become a mainstream
energy source and a critical component of efforts to combat climate change and transition to a more sustainable and clean
energy future. The history of solar panels underscores the evolution of solar energy from its early theoretical foundations
to practical applications in space exploration, terrestrial power generation, and sustainable living. As technology advances
and becomes more affordable, solar panels have grown into a key player in the transition to renewable energy sources and
the fight against climate change.

4. PRESENT DAY SOLAR PANELS

The solar panel industry is characterized by its dynamism, with a continuous stream of advancements and technological
changes. Some of the developments that have occurred since the initial discovery of solar panel cells in the first generation
include:

« Solar Panel Efficiency Improvements: Researchers and manufacturers have made significant strides in increasing the
efficiency of solar panels. Advanced materials and engineering techniques have led to solar cells that can convert a greater
percentage of sunlight into electricity (Ghorpade et al., 2022)

* Grid Integration and Market Growth: Solar energy has become a mainstream power source in many regions.
Advancements in inverter technology, net metering policies, and government incentives have facilitated the integration of
solar panels into the electrical grid and residential and commercial structures.

+ Emerging Technologies: Ongoing research and development continue to explore new materials and technologies to
enhance the performance of solar panels. This includes innovations such as transparent solar panels and solar tiles that can
be integrated into building structures.

Types of Solar Panels

Monocrystalline Solar Panels: These panels are known for their high efficiency and sleek appearance. They are made
from single-crystal silicon and offer a high energy conversion rate.

Polycrystalline Solar Panels: These panels are slightly less efficient than monocrystalline panels but are more cost-
effective. They are made from multiple silicon crystals.

Thin-Film Solar Panels: Thin-film solar panels are lightweight and flexible, making them suitable for certain applications.
They are generally less efficient but can be used in unique installations.
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« Efficiency: Solar panel efficiency has continued to improve, with some of the best panels reaching efficiencies of around
20% or more. Advances in materials and design have contributed to these efficiency gains.

+ Bifacial Solar Panels: These panels can capture sunlight from both the front and back sides, increasing their energy
production. Bifacial panels are becoming more popular in certain applications, such as ground-mounted systems.

» Solar Panel Integration: Solar panels are increasingly being integrated into building materials, such as solar shingles
and transparent solar windows, making them a part of the building's design.

» Solar Panel Lifespan: Most solar panels have a lifespan of 25 years or more, with many manufacturers offering
warranties to guarantee performance over this period.

» Inverters: Inverter technology has advanced to maximize the energy harvest from solar panels. Micro-inverters and
power optimizers help optimize the performance of individual panels, especially in situations with shading or panel-level
variations.

» Solar Panel Mounting and Tracking: Solar panel mounting systems and tracking technology have improved to
enhance energy production by adjusting the angle and orientation of the panels to track the sun's movement.

* Cost Reduction

Solar panel prices have continued to decrease over the years, making solar energy more accessible and cost-effective.
Advances in manufacturing and economies of scale have played a significant role in cost reduction.

» Sustainability

Solar panel manufacturers are increasingly focusing on sustainability in their production processes. This includes reducing
the environmental impact of manufacturing and developing recycling programs for end-of-life panels.

* Grid Integration and Energy Storage

Solar panels are often integrated into the electrical grid through net metering or feed-in tariffs. Energy storage solutions,
such as batteries, are commonly used to store excess energy for use during periods of low sunlight.

« Government Incentives

Many countries offer incentives and subsidies to encourage the adoption of solar panels. These incentives can include tax
credits, rebates, and feed-in tariffs.

*  Market Growth

Solar energy has experienced significant growth and is becoming a mainstream energy source in many regions. The solar
industry has created jobs and contributed to the transition to cleaner and more sustainable energy sources (Raval & Gupta,
2015; Raut et al., 2018; Hayat et al., 2019; Ahmad et al., 2020).

5. COMPONENT OF SOLAR PANEL

—— Aluminium Frame

Tempered Glass

Encapsulant - EVA

Solar cells

Encapsulant - EVA

Back sheet

Junction Box

Plate 1, Component of Solar Panel (Svarc, 2020)
The six major component of a solar panel are
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5.1Solar PV Cells

Solar photovoltaic (PV) cells, also known as solar cells, directly convert sunlight into direct current (DC) electrical energy.
The performance of a solar panel is primarily determined by the type of solar cell and the characteristics of the silicon used.
The two main types of silicon used in solar cells are monocrystalline and polycrystalline. Each solar cell consists of a very
thin wafer, typically around 0.1mm thick. These wafers are made from either positive p-type silicon or negative n-type
silicon. Various cell sizes and configurations are available, offering different levels of efficiency and performance. Some
of these configurations include half-cut or split cells, multi-bushar (MBB) cells, and more recently, shingled cells using thin
overlapping wafer strips.

In residential solar panels, you'll typically find 60 full-size monocrystalline cells or 120 half-size cells linked together in
series. This series connection generates a voltage ranging from 30 to 40 volts, depending on the specific type of cell used.
Larger solar panels used in commercial and utility-scale installations often contain 72 full-size cells or 144 half-size cells,
operating at a higher voltage. The electrical connections that interconnect the cells within a solar panel are known as busbars.
These busbars enable the flow of current through all the cells in the circuit. (Sargunanathan et al., 2016; Rathore et al.,
2021; Singh et al., 2021)

5.1.1 Monocrystalline solar panels

Monocrystalline solar panels are composed of cells that are crafted from a single crystal silicon ingot, ensuring a higher
degree of purity since each cell is constructed from a single silicon piece. Consequently, monocrystalline panels boast a
slight advantage in efficiency over their polycrystalline counterparts. They also exhibit superior performance in conditions
of high heat and reduced light, thereby delivering output levels closer to their rated capacity under less-than-optimal
circumstances. Lastly, Monocrystalline panels sport a consistent black appearance owing to their cells being fashioned from
a single, unbroken piece of silicon (Sargunanathan et al., 2016; Rathore et al., 2021; Singh et al., 2021).

5.1.2 Polycrystalline solar cells

Polycrystalline solar cells are crafted by fusing together multiple silicon pieces, where smaller silicon fragments are shaped
and processed to form the solar cell. This manufacturing method is more resource-efficient, with minimal raw material
waste generated.

The amalgamation of different silicon fragments imparts the distinctive blue hue to polycrystalline panels. Upon close
inspection, you can observe an uneven texture and coloration on the cells, a result of the way these cells are manufactured.
Poly solar panels exhibit slightly lower efficiency compared to monocrystalline panels, primarily due to imperfections in
the surface of the solar cells (Sargunanathan et al., 2016; Rathore et al., 2021; Singh et al., 2021).

5.1.3 Thin Film Solar Panels

The third category of solar technology is known as thin film panels. These thin film panels are primarily utilized in large-
scale utility projects and specific niche applications. They are manufactured by applying a thin layer of conductive material
onto a base plate composed of either glass or plastic (Sargunanathan et al., 2016; Rathore et al., 2021; Singh et al., 2021).

Monocrystalline Polycrystalline Amorphous

Plate 2, Schematic of allotropic forms of silicon: monocrystalline, polycrystalline, and amorphous silicon
(Wikipedia, retrieval date 28™, Oct. 2023)

Page | 17
Paper Publications



http://www.paperpublications.org/
about:blank
about:blank

ISSN 2349-7815

International Journal of Recent Research in Electrical and Electronics Engineering (IJRREEE)
Vol. 11, Issue 1, pp: (11-30), Month: January - March 2024, Available at: www.paperpublications.org

However, while monocrystalline solar panels offer superior quality and efficiency, they come with a higher price tag for
consumers compared to polycrystalline panels with the same power output. This increased cost is due to the more expensive
production process of monocrystalline panels. Additionally, manufacturing monocrystalline panels generates more waste
as they are cut from square silicon wafers, with the excess corners trimmed to achieve the characteristic cell shape.

It's important to note that silicon typically forms tetrahedral bonds with four adjacent silicon atoms, resulting in a highly
organized and structured crystal lattice, especially in the case of crystalline silicon (c-Si). This organized lattice structure is
what gives monocrystalline panels their high efficiency but also leads to a more resource-intensive production process
(Sargunanathan et al., 2016; Rathore et al., 2021; Singh et al., 2021).

5.2 Glass

The front glass sheet plays a crucial role in safeguarding the PV cells from various environmental elements and potential
damage, such as hail or airborne debris. Typically, this glass is made of high-strength tempered glass, measuring between
3.0 to 4.0mm in thickness. It is designed to withstand mechanical loads and extreme temperature fluctuations.

Solar panels are subject to specific standards, including the IEC minimum impact test, which evaluates their ability to
endure impacts from hailstones with a diameter of up to 1 inch (25 mm) traveling at speeds of up to 60 mph (27 m/s). In
the event of an accident or a significant impact, tempered glass is the preferred choice due to its safety features (Sutha et
al., 2017; Plis et al., 2021). To enhance efficiency and overall performance, most manufacturers utilize high-transmissive
glass. This type of glass has minimal iron content and features an anti-reflective coating on the rear side. These
enhancements help reduce energy losses and improve the transmission of light, contributing to better solar panel
performance (Sutha et al., 2017; Plis et al., 2021).

5.3 Aluminum Frame

The aluminum frame serves a dual purpose, providing essential functions in solar panel construction. Firstly, it
safeguards the edges of the laminate section that houses the solar cells. Secondly, it offers a sturdy structure for securely
mounting the solar panel in place (EI-Khawad et al., 2022). These extruded aluminum sections are engineered to be
exceptionally lightweight while maintaining rigidity. They are designed to withstand substantial stress and loading,
including the impact of strong winds and external forces.

Manufacturers typically offer two color options for the aluminum frame: silver or anodized black. Additionally, the way
the corner sections are joined can vary depending on the panel manufacturer. They may be screwed, pressed, or clamped
together, offering varying degrees of strength and stiffness in the frame (Dias et al., 2016; EI-Khawad et al., 2022).

5.4 EVA Film

EVA, or "ethylene vinyl acetate," is a specialized polymer that serves as a highly transparent plastic layer used in solar
panel construction. It has a crucial role in encapsulating the solar cells and holding them securely in place during the
manufacturing process. The EVA material must exhibit exceptional durability and resilience, capable of withstanding
extreme temperature and humidity conditions. Its significance extends to ensuring the long-term performance of the solar
panel by acting as a barrier against moisture and dirt ingress.

The lamination on both sides of the PV cells offers some shock absorption and functions as a protective layer, shielding
the cells and interconnecting wires from vibrations and sudden impacts, such as those from hailstones and other objects.
The quality of the EVA film is paramount, especially when it possesses a high degree of "cross-linking." This
characteristic can be the decisive factor in determining whether the solar panel enjoys a long operational life or
experiences failure due to water infiltration. During the manufacturing process, the cells are initially encapsulated with
EVA before being incorporated between the glass and the backsheet (Badiee et al., 2016; Sah et al., 2020).

5.5 Backsheet

The backsheet serves as the outermost layer on conventional solar panels, fulfilling the dual roles of a moisture barrier
and a final protective layer that offers both mechanical strength and electrical insulation. Backsheet materials are
typically made of various polymers or plastics, such as PP, PET, and PVF. These materials provide different levels of
protection, thermal stability, and long-term resistance to UV radiation. The standard color of the backsheet layer is white,
although some manufacturers may offer clear or black options based on their module design. These choices depend on
the specific panel manufacturer and product.

Page | 18
Paper Publications



http://www.paperpublications.org/

ISSN 2349-7815

International Journal of Recent Research in Electrical and Electronics Engineering (IJRREEE)
Vol. 11, Issue 1, pp: (11-30), Month: January - March 2024, Available at: www.paperpublications.org

It's worth noting that certain types of panels, like bifacial and frameless panels, employ a rear glass panel instead of a
polymer backsheet. The rear glass is known for its superior durability and longevity compared to most backsheet
materials. Consequently, some manufacturers provide a 30-year performance warranty for these dual glass panels (Horne
et al., 2020; Thellen et al., 2020).

5.6 JUNCTION BOX AND CONNECTORS

The junction box is a compact, weatherproof enclosure positioned on the backside of the solar panel. It serves as a crucial
component for securely attaching the necessary cables that interconnect the panels. The junction box holds significant
importance as it acts as the central point where all the sets of cells interconnect, necessitating protection against moistur e
and dirt. Within the junction box, you can find bypass diodes, which play a vital role in preventing back current, a
situation that can occur when cells are shaded or dirty. The diodes permit the flow of electric current in only one direction
and in a typical 60-cell panel, the cells are divided into three groups of 20 PV cells, each equipped with a bypass diode
to prevent reverse current. However, it's important to note that bypass diodes can degrade over time and may require
replacement. Therefore, the cover of the junction box is typically designed to be removable for servicing, although
modern solar panels increasingly incorporate more durable and longer-lasting diodes along with non-serviceable junction
boxes (Yang, & Jiang, 2019; Winston, 2020).

For connecting solar panels, special weather-resistant plugs and sockets known as MC4 connectors are widely used. The
term "MC4" refers to multi-contact 4mm diameter connectors. Given the exposure to extreme weather conditions, these
connectors must exhibit robustness, security, UV resistance and the ability to maintain a solid connection with minimal
resistance, whether at low or high voltages of up to 1000V. These connectors are designed to work with standard 4mm
or 6mm double-insulated solar DC cables, featuring a tinned copper multi-strand core to minimize resistance and enhance
durability. To correctly assemble the connectors, a specialized crimping tool is employed to crimp the multi-strand cable
to the inner terminal, which is then inserted and securely fastened into the MC4 housing (Yang, & Jiang, 2019; Winston,
2020).

In a world where the pursuit of cleaner and more sustainable energy sources has become paramount, the luminous statistics
surrounding the usage of solar panel cells cast a brilliant light on our collective efforts to harness the power of the sun.
According to recent findings, the journey of solar energy has been one of remarkable growth and transformation, painting
a picture of a future illuminated by the radiance of clean power.

As the year 2021, photovoltaic solar arrays had already begun to weave their way into the very fabric of global electricity
generation, contributing an impressive 5% to the world's power needs. What's more, the future appeared even brighter, with
countries around the globe collectively installing between 133 and 175 gigawatts of new solar power in that very year. With
another ambitious 200 gigawatts slated for installation by the end of 2022, the path ahead was clearly paved with solar
ambitions (World Population Review, 2023). China, with its vast landscapes, led the charge with the largest solar energy
capacity in the world, boasting a staggering 306,973 megawatts. This powerhouse produced between 4.8% and 6% of
China's total energy consumption, paving the way for a cleaner, brighter future. In the race for solar supremacy, the United
States followed closely behind, with 95,209 megawatts, and Japan added its radiance with 74,191 megawatts (World
Population Review, 2023)..

Fast-forward to the close of 2022, and the global solar story took an even more impressive turn. The cumulative installed
photovoltaic capacity reached a remarkable 1,185 gigawatts, supplying over 6% of the world's insatiable appetite for
electricity. In a heartening twist, solar PV accounted for over 10% of annual domestic electricity consumption in nine
countries, with Spain, Greece, and Chile basking in the glow of over 17% (Wikipedia, 2023). China continued to shine as
the leading beacon of solar power in 2022, with a staggering 390 gigawatts, encompassing nearly two-fifths of the world's
total installed solar capacity. Meanwhile, the United States played its part, following at 15.5% (Fernandez, 2023).

Consequently, solar PV, contributed a commendable 4.5% to the global electricity generation in 2022 (Piotr Bojek, 2023).
This celestial growth story continued with an astonishing addition of 239 gigawatts in global PV power capacity, reaching
a dazzling 1,200 gigawatts, equivalent to 1.2 terawatts. Since the dawn of the new millennium, solar PV capacity has grown
nearly 750-fold, a testament to the enduring spirit of innovation and sustainability.
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As the world looked to the future, the cost of solar power dropped by over 80% since 2009 making the dream of harnessing
the sun's power increasingly affordable and accessible to all. In the grand stage of global energy investment, solar power
took center stage, accounting for an impressive 14% of the total invested in energy worldwide, and a staggering $380 billion
in 2023, according to the Center for Sustainable Systems.
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Figure 1: Global growth of cumulative PV capacity in gigawatts (GWy), Adapted From (Wikipedia, 2023),
Adapted date: 9" Nov., 2023.

These statistics paint a resplendent tableau of a world on the cusp of a sustainable energy revolution, where the brilliance
of the sun powers our future with ever-increasing efficiency and affordability. The journey of solar panel cells, from their
modest beginnings to the radiant present and the even brighter future, exemplifies our unwavering commitment to a cleaner,
more sustainable world.

6. SOLAR PANEL DEGRADATION AND FAULTS

Solar panels are generally regarded as highly reliable due to their lack of moving components and minimal maintenance
requirements. Nevertheless, over their anticipated 25-year lifespan, they may encounter various issues that could lead to
failure or reduced performance. A typical form of power loss in solar cells is a gradual decline known as light-induced
degradation (LID), resulting in an average annual loss of around 0.5% (Aghaei et al., 2022). This gradual reduction often
goes unnoticed, and many solar panels can still operate at 80% or more of their original rated capacity even after two
decades, depending on the cell type used.

Regrettably, solar panels can also be afflicted by more severe problems, including micro-cracks and significant degradation
for various reasons. Elevated stresses caused by impacts, subpar installation practices, or individuals walking on rooftop
panels can generate small fractures within the cells (Bdour et al., 2020). Detecting these issues is often challenging, and if
left unaddressed for several years, they can evolve into hot spots, potentially leading to catastrophic failures such as arcing
or fires (Kim et al., 2021). Fortunately, there are strategies in place to decrease the chances of failure, and the majority of
manufacturers are consistently improving panel design and production procedures to mitigate immediate and long-term
issues. Moreover, recycling methods for these solar panels are being put into practice for instances of partial or complete
damage.

7. RECYCLING OF PV PANELS

Recycling photovoltaic (PV) panels plays a crucial role in minimizing waste and reducing the environmental footprint, all
while extracting valuable materials. The initial step in the recycling process involves collecting end-of-life PV panels. The
subsequent phase focuses on disassembling the panels, meticulously separating their complex components, which entails
removing the frame, glass, and backsheet. The disassembly procedure aims to maximize the recovery of reusable and
recyclable materials, with the recycling process typically reclaiming up to 95% of the module's mass, excluding some
polymers.
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In the solar panel market, crystalline solar panels are predominant. These panels consist of silver, copper, high-purity silicon,
and trace amounts of hazardous lead, all sandwiched between a front glass panel and a recyclable aluminum frame. Proper
recycling necessitates the meticulous separation of these panels while recovering the essential elements with minimal
damage to the component parts.

Following recycling, the materials from solar panels can be repurposed in various ways. For instance, the glass panel fronts
can be repurposed as insulation, and silicon cells can be reclaimed for reuse. These materials can also be reintegrated into
the manufacturing of new panels or repurposed for other industrial applications.

7.1 SOLAR PANEL PART AND THEIR RECYCLING PROCESS

Solar panels consist of various components, and each component can undergo a recycling process to recover valuable
materials and reduce waste. Today’s market primarily consists of five different cell kinds, which may be further divided
into two groups: (Chowdhury et al., 2020) 1st generation and (Xu et al., 2018) 2nd generation, such as, p-Si and c-Si types
are under the first generation and CIGS, and a-Si and CdTe types are under the second generation category. X-Si-based PV
is widely used in the global PV production industry. It has been discovered that mono- and multi-crystalline silicon
compositions make for nearly 88% of solar cell output.

In the recycling process to recover silicon, silver, and aluminum, these materials dissolve in a mixture of potassium
hydroxide and nitric acid. Subsequently, the anti-reflection coating is removed using phosphoric acid (HsPOa), as
demonstrated by Shin et al. in 2017. This study revealed that certain components were identified in both panels, and none
of the trials exceeded the Toxicity Characteristic Leaching Procedure test, which regulates the management of second-
generation PV waste modules, particularly thin film modules, through chemical treatment methods, as described by
Savvilotidou et al. in 2017.

To extract metals, a solar panel is immersed in a 5M HNOj3 solution and agitated at 200 rpm, as outlined by Jung et al. in
2016. In this research, the elimination of polymeric ethylene-vinyl acetate (PEVA) from a waste solar panel using a 30-
minute pyrolysis process at 500°C removes over 99% of the polymers present in the PV cells, as reported by Sattar et al. in
2020 and Dias et al. in 2017. The PV solar power industry is continually evolving and can effectively compete with other
sustainable and non-sustainable energy generation alternatives, as emphasized by Corcelli et al. in 2017.

For efficient PV recycling, it is advisable to establish recycling centers in strategically chosen locations to minimize the
overall logistical costs associated with transporting PV waste from various collection facilities to the recycling centers, as
proposed by Choi et al. in 2017.

Here are the main parts of a solar panel and their associated recycling processes:
7.1.1 SOLAR PHOTOVOLTAIC (PV) CELLS

The recycling of solar photovoltaic (PV) cells from discarded solar panels is a crucial step in reducing electronic waste and
fostering sustainability. Due to the diverse materials used in PV cells, the recycling process can be intricate. However, it
offers the opportunity to create various products and materials from these solar panel components. Recycling PV cells
typically entails disassembly, cleaning, and material separation. Following this, the recovered materials can be utilized in
multiple production processes, including the manufacture of new PV cells, solar panels, solar-powered products, and more.
The specific production method will vary according to the desired application and the available recycled materials. Here
are some products and materials that can be derived from recycled PV cells and the methods of production.

I. Raw Materials Recovery:
PV cells contain valuable materials like silicon wafers, metals, and glass. The recycling process involves:
a. Collection and Dismantling: Collect and disassemble the PV panels to separate the PV cells.

b. Material Separation: Mechanical and chemical processes is used to separate materials, such as etching to remove metals
from silicon wafers. The reclamation of silicon wafers from end-of-life (EoL) PV modules can be achieved by employing
an etching paste. This process is utilized in the production of lead-free solar panels. It involves dissolving the silver (Ag)
and aluminum (Al) metal electrodes into solutions of nitric acid (HNO3) and potassium hydroxide (KOH) to recover the
silicon wafers. Additionally, an etching paste containing phosphoric acid (HsPO.) is used to remove impurities from the
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wafer surface. This approach is environmentally friendly, as it reduces water consumption during the cleaning process and
eliminates the use of harmful substances (Shin et al., 2017). Additionally, pyrolysis is proposed as an alternative recycling
method, aimed at retrieving crystalline silicon wafers from the modules.

c. Refining: Refine and purify materials like silicon wafers to be reused in the production of new PV cells or other electronic
components.

Il. New PV Cell Manufacturing:
Recycled silicon wafers and materials can be used to produce new PV cells. The production process includes:
a. Material Preparation: Process and clean the recycled materials.
b. Wafer Production: Cut, shape, and prepare silicon wafers for solar cells.
c. Solar Cell Manufacturing: Fabricate new solar cells using the prepared wafers and other components (Tao & Yu, 2015).
I11. Solar Art and Educational Displays:
PV cells can be integrated into art installations or educational displays to demonstrate renewable energy concepts.
IV. Building-Integrated Solar:

Recycled PV cells can be used to create building-integrated photovoltaic (BIPV) systems, which are integrated into building
materials like solar roof tiles or solar facades (Kuhn et al., 2021).

7.1.2 GLASS

Solar panel glass is frequently tempered or toughened to enhance its mechanical strength and safety. In the event of
breakage, it fractures into small, relatively benign pieces, reducing the risk of injury. However, recycling tempered glass,
often known as safety glass, poses specific challenges compared to regular glass due to its distinctive characteristics.
Tempered glass is intentionally designed to break into smaller, less hazardous fragments upon impact, making it unsuitable
for conventional glass recycling processes. Nonetheless, there are viable options for recycling tempered glass which
includes:

a. Collection and Separation: Start by collecting tempered glass items separately from other glass materials. This might
include items like windows, shower doors, and glass cookware. Ensure that any non-glass materials, like plastic or metal
components, are removed from the tempered glass.

b. Glass Processing Facilities: Many recycling facilities have specialized equipment capable of processing tempered glass.
Some facilities may have the technology for recycling like Continuous flat glass tempering machine, Radiant energy furnace
or convection furnace and so on.

c. Glass Tile and Countertops: Crushed tempered glass can be used to produce glass tiles, countertops, and terrazzo
flooring. It is mixed with a binding agent like epoxy resin and then poured into molds. Once cured, the resulting surface is
durable, attractive, and can incorporate various colors and designs (Sonoran Glass School, 2023).

d. Abrasive Media: Crushed tempered glass can be used as abrasive media for sandblasting and cleaning applications.
The tempered glass is crushed to the desired size and used as effective and environmentally friendly alternative to traditional
abrasive materials like silica sand (Sonoran Glass School, 2023).

e. Decorative Glass: Tempered glass cullet can be used in the production of decorative glass products such as glass vases,
bowls, and art pieces. The crushed glass can be melted and blown or molded into various artistic shapes and designs
(Sonoran Glass School, 2023).

f. Filtration Media: Crushed tempered glass can be used as a filtration medium in water treatment and filtration systems.
It can be processed to have specific size and shape characteristics suitable for different filtration applications (Soos et al.,
2021; Katy Devlin, 2022; Ayann, 2023).
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The production process for crushed tempered glass typically involves the following steps:

I. Collection and Sorting: Collect tempered glass items, such as windows or glassware, and sort them to remove any non-
glass contaminants like metal or plastic (Soos et al., 2021; Katy Devlin, 2022; Ayann, 2023).

1. Crushing: The tempered glass is crushed into smaller pieces using industrial crushers or glass crushing machines. The
resulting cullet is typically sorted into different size fractions (Soos et al., 2021; Katy Devlin, 2022; Ayann, 2023).

I1l. Cleaning and Screening: The crushed glass is cleaned to remove any impurities, and it may be screened to separate
different size fractions, depending on the intended use (Soo et al., 2021; Katy Devlin, 2022; Ayann, 2023).

IV. Processing and Shaping: Depending on the product being produced, the crushed tempered glass is mixed with binders
or resins and processed to create the desired shapes or forms (Soos et al., 2021; Katy Devlin, 2022; Ayann, 2023).

V. Curing: If binders or resins are used, the product is allowed to cure or harden. (Soos et al., 2021; Katy Devlin, 2022;
Ayann, 2023).

The specific method of production can vary based on the intended use of the crushed tempered glass. The key is to process
it to meet the quality and size requirements of the final product.

7.1.3 ALUMINUM FRAME

Aluminum frames, commonly found in solar panels, windows, doors and various structural applications, are prime
candidates for recycling, where the aluminum can be extracted for reuse in various products. The recycling process not only
conserves resources but also contributes to the creation of new items. Recycled aluminum finds versatile applications,
including the production of structural components in high-strength materials, automobile and aircraft parts, transmissions,
wheels, lighting fixtures, electrical wiring, air conditioner condensers, engine components, and beverage cans. Remarkably,
approximately 80% of all aluminum produced in the United States is derived from recycled sources and nearly 75% of all
aluminum ever produced remains in use to this day (Raabe et al., 2022). Here are some examples of products that can be
manufactured from recycled aluminum frames, along with the production methods:

I. Aluminum Ingots

Aluminum frames are typically melted down to produce aluminum ingots. This is the primary raw material used in the
manufacturing of various aluminum products. The production process involves the following steps:

a. Collection: The first step involves collecting all the aluminum scrap from different sources. Aluminum scrap typically
consists of two types: old scrap and new scrap. Old scrap is a discarded aluminum product, such as a can, while new scrap
is generated during the manufacturing process

b. Sorting: The collected scrap is taken to the materials recovery facility (MRF) for sorting. Automatic spectroscopy
systems separate glass from paper from plastic from aluminum, which is the first step in the recycling process

c. Crushing: The third step in the aluminum recycling process is crushing. In this, the scrap aluminum is crushed into
bales (or blocks) using balers. The blocks of aluminum that come out of the baler vary in size and weight depending on the
type of baler used (Poonam, 2023; Steve Russell, 2023).

d. Melting: Uncoated aluminum scrap is fed into a large furnace (called a smelter) and melted down. Coated aluminum
scrap is first put into a rotary furnace to remove the coating before the metal is fed into the remelter in the reclamation plant,
aluminum items are shredded, chemically cleaned, and heated to about 750-800° C. Oxides and other minor impurities are
burned off, leaving a molten metal (Poonam, 2023; Steve Russell, 2023).

e. Casting: The molten aluminum is cast into ingots or other desired shapes (Poonam, 2023; Steve Russell, 2023).
Il. Aluminum Siding and Cladding:

Recycled aluminum can be used to produce siding and cladding materials for buildings. The process involves:

a. Melting and Casting: The aluminum is melted and cast into sheets or coils.

b. Rolling: The cast aluminum is rolled into the desired thickness and shape.
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c. Coating: The aluminum can be coated with protective finishes or colors.

d. Cutting and Fabrication: The aluminum is cut and fabricated into siding or cladding panels (Poonam, 2023; Steve
Russell, 2023).

I11. Bicycle Frames:

Aluminum frames can be recycled and used to manufacture bicycle frames. The process involves:
a. Collection: Collect recycled aluminum frames or materials.

b. Melting and Casting: Melt the aluminum and cast it into the desired frame shape.

c. Fabrication: Further machining and fabrication are done to create the bicycle frame (Poonam, 2023; Steve Russell,
2023).

IV. Aerospace Components:

Recycled aluminum frames can be used in the production of aerospace components and parts. The process may include
forging, machining, and heat treatment to meet aerospace specifications (Poonam, 2023; Steve Russell, 2023).

Recycling aluminum frames helps conserve resources, reduce energy consumption, and minimize environmental impact. It
also provides a sustainable source of aluminum for various industries. The specific method of production will depend on
the product being manufactured and the requirements of the final product.

7.1.4 EVA Film

EVA (Ethylene Vinyl Acetate) film from waste solar panels can be recycled and repurposed into various products or
materials. EVA film is commonly used as an encapsulant in solar panels to protect photovoltaic cells. Recycling EVA
film helps reduce waste and promote sustainability (Li et al., 2022). The production methods for recycling backsheet
materials vary based on the intended application. The process often includes collecting and cleaning the materials, shredding
them into smaller pieces, and then either melting and extruding them into new products or using them as a component in
the manufacturing of other goods. The specific method of production will depend on the product or material being
manufactured. Additionally, at a temperature of around 500 degrees Celsius, the inert environment pyrolysis vaporises the
ethylene-vinyl acetate present in the lamination layer. Using an acid bath or a smelting process to extract metals like indium,
selenium, and gallium from materials is another suggested method of recycling thin film solar cell.

Here are some products and materials that can be produced from EVA film, along with the methods of production:
. Solar Panel Manufacturing:

Recycled EVA film can be used in the manufacturing of new solar panels. The production process involves:

a. Collection: Collect and sort EVA film from waste solar panels.

b. Cleaning and Shredding: Clean and shred the EVA film to remove contaminants and break it down into smaller
pieces.

c. Extrusion: Extrude the shredded EVA material to create new EVA sheets.

d. Lamination: Use the recycled EVA sheets as encapsulants in the production of new solar panels (Latunussa et al.,
2016).

1. Protective Materials:

EVA film can be repurposed to create protective materials, such as EVA foam sheets, which are used in packaging,
cushioning, and insulation. The process involves:

a. Collection and Cleaning: Collect and clean the EVA film.
b. Shredding: Shred the film into smaller pieces.

c. Extrusion or Molding: Process the shredded material into EVA foam sheets or other protective products (Waste trade,
2023).

Page | 24
Paper Publications



http://www.paperpublications.org/

ISSN 2349-7815

International Journal of Recent Research in Electrical and Electronics Engineering (IJRREEE)
Vol. 11, Issue 1, pp: (11-30), Month: January - March 2024, Available at: www.paperpublications.org

I11. Flooring and Mats:

Recycled EVA film can be used to manufacture EVA foam flooring, mats, and tiles, commonly used in gyms, play areas,
and for comfort underfoot. The production process involves:

a. Collection and Cleaning: Collect and clean the EVA film.

b. Shredding and Melting: Shred and melt the EVA material.

c. Extrusion and Molding: Form the melted EVA into flooring or mat products (Rosa et al., 2021; Waste trade, 2023).
IV. Recycled EVA Resin:

EVA film can be processed into recycled EVA resin, which can be used in various plastic products and materials. The
production process involves smelting and refining the EVA film to create recycled EVA resin. Recycling EVA film
requires the collection and cleaning of the material, followed by processing methods such as shredding, melting,
extrusion, and molding, depending on the intended application. The recycled EVA material can be used in a wide range
of industries, promoting sustainability and reducing the environmental impact of waste solar panels. The specific method
of production will depend on the product or material being manufactured (Rosa et al.,2021; Waste trade, 2023). In
summary, (EVA) ethylene-vinyl acetate copolymer and polyethylene terephthalate (PET), known as cedrene, can also
serve as precursors for the synthesis of 3,6,8,8-tetramethyl 2,3,4,7,8, 8a-hexahydro-1H-3a, 7-methanoazulene. This
compound holds significant promise as a valuable component in the development of invaluable wound-healing
medication, as demonstrated by Qin et al. in 2020.

7.1.5 BACKSHEET

The backsheet of waste solar panels is typically made from various materials, including plastics and films. Recycling the
backsheet materials can help reduce waste and promote sustainability. Here are some products and materials that can be
produced from the backsheet of waste solar panels, along with the methods of production:

. Plastic Pellets:

The backsheet materials can be processed into plastic pellets or resin. These pellets can then be used to manufacture various
plastic products. The production process involves:

a. Collection: Collect and sort the backsheet materials from waste solar panels.

b. Cleaning and Shredding: Clean the materials and shred them into smaller pieces.

c. Melting and Extrusion: Melt the shredded materials and extrude them into plastic pellets or resin.
Il. Construction Materials:

Recycled backsheet materials can be used in the production of construction materials, such as plastic lumber, composite
decking, and roofing tiles. The production process depends on the specific product but may include melting, molding, and
shaping the materials (Li et al., 2022; Divya et al., 2023).

I11. Insulation:

The backsheet materials can be repurposed to create insulation products used in buildings. The production process typically
involves:

a. Collection and Cleaning: Collect and clean the backsheet materials.

b. Shredding and Melting: Shred and melt the materials.

c. Extrusion: Extrude the melted material into insulation products like boards or batts (Li et al., 2022; Divya et al., 2023).
I. Packaging Materials:

The recycled backsheet materials can be used to produce packaging materials, such as plastic sheets, films, and bubble
wrap. The process may involve melting and extruding the materials into the desired packaging format (Li et al., 2022; Divya
etal., 2023).
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IV. Plastic Products:

The backsheet materials can be used in the production of various plastic products, including containers, trays, and other
consumer goods. The manufacturing process depends on the specific product but generally involves melting and molding
the materials (Li et al., 2022; Divya et al., 2023).

7.1.6 JUNCTION BOX AND CONNECTORS

The junction boxes and connectors from waste solar panels can be repurposed and recycled into various products or
materials, contributing to sustainability and reducing electronic waste. Here are some products and materials that can be
produced from junction boxes and connectors, along with the methods of production:

I. Electronic Components:

Junction boxes and connectors can be disassembled to extract functional electronic components like diodes, resistors,
and capacitors. These components can be reused in other electronic devices or for repair purposes.

1. Metal Recovery:
Many connectors contain metal components like copper or aluminum. These metals can be recover
I11. Plastic Recycling:

The plastic components of junction boxes and connectors can be recycled to produce new plastic products. The
production process involves:

a. Collection and Sorting: Collect and sort the plastic components from waste solar panels.
b. Cleaning and Shredding: Clean and shred the plastic components into smaller pieces.

c. Melting and Extrusion: Melt the shredded plastic and extrude it into plastic pellets or resin for manufacturing new
plastic products (Jared, 2021).

IV. Repurposed Electronics:

Junction boxes and connectors can be reused in other electronic applications or projects, such as DIY electronics,
electrical wiring, or prototyping.

V. Plastic Products:

The recycled plastic components can be used to manufacture a range of plastic products, such as building materials,
automotive parts, or consumer goods. The production process depends on the specific product but may involve molding,
extrusion, or other plastic processing methods (Jared, 2021).

The production methods for recycling junction boxes and connectors depend on the intended application and the specific
materials involved. Recycling may involve disassembly, cleaning, shredding, melting, and extrusion processes,
depending on the material and the desired end product. The specific method of production will vary based on the product
or material being manufactured.

8. FUTURE SOLAR PANEL CELLS

Recycling of future solar panel cells is an essential aspect of sustainable energy production. As the development of solar
technology advances, it is crucial to consider how these innovative solar cells will be recycled when they reach the end
of their lifespan. The recycling of future solar panel cells will likely require the implementation of cutting-edge
techniques and strategies to efficiently recover valuable materials, minimize waste, and reduce the environmental impact
of disposal.

The recycling of future solar panel cells may involve advanced methods for extracting and reusing materials such as
high-efficiency photovoltaic materials, advanced semiconductors, and novel energy storage components. These materials
are essential for the continued growth of the solar energy industry, and their recycling is crucial for resource conservation.

Page | 26
Paper Publications



http://www.paperpublications.org/

ISSN 2349-7815

International Journal of Recent Research in Electrical and Electronics Engineering (IJRREEE)
Vol. 11, Issue 1, pp: (11-30), Month: January - March 2024, Available at: www.paperpublications.org

Moreover, as the solar industry expands, the future of solar panel recycling may also involve incorporating circular
economy principles, designing products with recyclability in mind, and establishing a well-connected network of
recycling centers to ensure a sustainable and efficient recycling process.

Overall, the recycling of future solar panel cells is a dynamic and evolving field, which will play a vital role in ensuring
the long-term sustainability of solar energy and reducing its environmental footprint. Innovations in recycling
technologies, materials recovery, and industry collaboration will be key factors in shaping the future of solar panel
recycling.

9. CONCLUSION

In conclusion, the recycling of solar panel cells has evolved significantly from its early stages to the present day, with
promising developments on the horizon for the future. As the demand for clean energy sources continues to grow,
addressing the environmental impact of solar panel disposal and optimizing the reuse of valuable materials has become
increasingly critical.

In the past, solar panel recycling methods were relatively rudimentary, with limited attention given to recovering valuable
components like silicon, silver, and aluminum. However, as the need for sustainable energy solutions has intensified,
research and innovation have led to more efficient and environmentally friendly recycling processes. In the present,
researchers and industry professionals have made substantial progress in optimizing the recycling of solar panels. Various
methods have been developed to extract and recover valuable materials, including metals and polymers, while
minimizing environmental impact. These advancements have not only reduced the waste generated by discarded panels
but also contributed to the circular economy by reusing these materials in new solar panels.

Looking to the future, the recycling of solar panel cells is likely to continue its evolution. Ongoing research will focus
on improving the efficiency of recycling methods, reducing costs, and expanding the scope of recoverable materials. As
solar energy adoption grows, establishing well-placed recycling centers and implementing more sustainable practices
will be essential to ensure the long-term viability of solar technology.

In summary, the past, present, and future of solar panel recycling reflect the increasing importance of sustainable and
eco-friendly practices within the renewable energy industry. The ongoing development of recycling technologies and
strategies is vital for mitigating the environmental impact of solar panel disposal and ensuring that solar power remains
a clean and sustainable energy source for generations to come.
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