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Abstract 

Solar photovoltaic technology has experienced significant growth and development in recent years, making it 

a significant figure in the field of renewable energy. The basic principle of solar PV technology involves the 

conversion of sunlight into electricity using semiconductor materials. Silicon has consistently been the 

predominant material used in solar PV cells, but there is ongoing research and development into alternative 

materials. The choice of material for solar PV cells is crucial as it directly impacts the efficiency, cost, and 

environmental impact of the technology. Silicon-based solar cells have achieved high levels of efficiency and 

reliability, but they can be expensive to produce. On the other hand, emerging materials such as perovskites 

show great promise in terms of cost-effectiveness and efficiency, but they still face challenges related to 

stability and scalability. In addition to the semiconductor material, other components such as conductive 

metals, transparent conductive oxides, and encapsulation materials also play a crucial role in the performance 

and longevity of solar PV systems. Understanding the material properties, fabrication processes, and 

environmental impact of solar PV materials is essential for making informed decisions in the design and 

implementation of solar PV systems. 
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1. Introduction  

1.1 Solar Photovoltaic Material 

Solar photovoltaic materials are crucial 

components in the generation of solar power [2]. 

These materials are used to convert sunlight into 

electricity, making them essential in the 

development of sustainable [1] energy solutions. 

There are various types of materials used in solar 

photovoltaic systems, such as monocrystalline 

silicon, polycrystalline silicon, thin-film materials 

such as copper indium gallium selenide and 

cadmium telluride [3]. Each of these substances 

possesses distinct properties and qualities that 

render them appropriate for various uses and 

surroundings. figure 1 Understanding the 

properties and performance of these materials is 

crucial for optimizing the [4] efficiency and 

durability of solar photovoltaic systems. 

 

Figure 1 Types of Solar Photovoltaic Material- 

Monocrystalline and Polycrystalline [1] 
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1.2 Understanding Solar Energy 

Solar power is a sustainable and renewable form of 

energy obtained from the radiation of the sun. 

When solar photovoltaic substances are exposed to 

sunlight, they produce an electric current through 

the photovoltaic phenomenon [5]. The procedure 

includes stimulating electrons within the substance, 

initiating the movement of electrical current. One 

notable benefit of solar power is its widespread 

availability and ease of access. The sun provides an 

immense amount of energy that can be captured 

and utilized to meet a wide range of energy needs. 

Solar power generation creates no greenhouse gas 

emissions, offering an eco-friendly substitute for 

conventional fossil fuel-based energy sources [6]. 

The increasing need for renewable energy 

emphasizes the significance of advancing solar 

photovoltaic materials and technologies [7]. 

Research and innovation in this field aim to figure 

2 enhance the efficiency, reliability, and 

affordability of solar energy systems, ultimately 

driving the transition towards a more sustainable 

and clean energy future [8]. 

 
Figure 2 Solar Cell 

2. Components of Solar Photovoltaic 

Materials 

Solar photovoltaic materials consist of several key 

components that work together to harness and 

convert solar energy into electricity [9]. To show 

figure 3 These components include.  

 
Figure 3 Components of Solar Photovolatic 

System 
Solar Cells: These are the fundamental units of a 

photovoltaic system, responsible for the conversion 

of sunlight into electricity. Each solar cell is made 

from semiconductor materials and has a p-n 

junction that facilitates the photovoltaic effect.[10] 

Module Encapsulation: Encapsulation shields 

solar cells from external elements such dust, 

moisture, and mechanical strain. This 

encapsulation also helps to maintain the electrical 

performance and durability of the solar modules 

[11]. 

Backsheet: The back sheet is a crucial component 

of solar modules, providing electrical insulation 

and protection from environmental elements. It 

also contributes to the structural integrity of the 

module. 

Frame: Solar modules are supported by a frame, 

which provides rigidity and protection while also 

facilitating easy installation and mounting.[12] 

Junction Box: This component contains the 

electrical connections of the solar module, 

providing a junction for interconnection and 

facilitating the output of electrical power.[13] 

Understanding the function and characteristics of 

these components is essential for designing and 

manufacturing solar modules with high 

performance and longevity. In the following 

section, we will explore the distinct characteristics 

and benefits of various solar photovoltaic 

materials, elucidating their individual roles in the 

solar energy sector. 
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3. The Science Behind Solar Photovoltaics 

Solar photovoltaic materials work based on the 

principles of semiconductor physics and the 

photovoltaic effect [14]. When light interacts with 

a solar cell, it stimulates the electrons within the 

semiconductor material, leading to the formation of 

electron-hole pairs. The electric field at the p-n 

junction then separates these electron-hole pairs, 

generating a flow of electrons and thus creating an 

electric current. This current can be captured and 

used as electricity for various applications. 

3.1 Types of Solar Photovoltaic Materials 

There are several types of materials used in solar 

photovoltaic cells: - Silicon: Silicon is one of the 

most commonly used materials in solar 

photovoltaics [15]. It is available in two forms: 

monocrystalline and polycrystalline silicon. Both 

monocrystalline and polycrystalline silicon offer 

high efficiency, with monocrystalline being 

slightly more efficient due to its single crystal 

structure. Thin-film materials [16], such as copper 

indium gallium selenide and gallium arsenide, offer 

an alternative to silicon-based materials. These 

thin-film materials provide advantages such as 

flexibility, lower production costs, and the ability 

to be used in diverse applications. 

Monocrystalline Silicon: Monocrystalline silicon 

is a highly efficient and widely used photovoltaic 

material. Its single crystal structure allows for 

better electron mobility and higher conversion 

efficiency.[17] The efficiency of monocrystalline 

silicon solar cells is typically high, ranging from 

around 15% to 22%. The efficiency of 

monocrystalline silicon solar cells is typically high, 

ranging from around 15% to 22% [18]. This high 

efficiency is due to the single crystal structure of 

monocrystalline silicon, which allows for better 

electron mobility and improved conversion of 

sunlight into electricity.[19] 

Polycrystalline Silicon: Polycrystalline silicon, 

also known as Mult crystalline silicon, is another 

commonly used material in solar photovoltaic 

systems. It is cost-effective to manufacture and 

offers good efficiency levels, making it a practical 

choice for large-scale solar power plants. While 

polycrystalline silicon modules may have a lower 

efficiency compared to monocrystalline silicon, 

ongoing advancements in manufacturing processes 

are narrowing the efficiency gap and optimizing the 

performance of polycrystalline silicon modules. 

[20] Polycrystalline Silicon efficiency ranges from 

13% to 16%, making it a cost-effective option for 

solar photovoltaic applications. Monocrystalline 

silicon is more efficient than polycrystalline 

silicon, but it is also more expensive [21]. 

Cadmium Telluride: Cadmium telluride is a thin-

film material that has gained attention for its cost-

effectiveness and high efficiency. It is known for 

its ability to efficiently convert sunlight into 

electricity, and its application in solar cell 

manufacturing has helped down the cost and 

increase the accessibility of solar energy. Cadmium 

Telluride solar cells have an efficiency of about 

8%. [22] 

Copper Indium Gallium Selenide: CIGS is a 

thin-film material that combines copper, indium, 

gallium, and selenide. It is valued for its high 

efficiency, flexibility, and potential for cost-

effective production.[23] The combination of these 

elements allows CIGS to effectively capture and 

convert sunlight into electrical energy, making it a 

promising option for solar photovoltaic technology. 

efficiency of Copper Indium Gallium Selenide 

solar cells can range from 10% to 22%, depending 

on the manufacturing process and material quality. 

Copper Indium Selenide: Copper indium selenide 

is another thin-film material that offers high 

efficiency and environmentally friendly 

characteristics [24]. Its ability to efficiently harness 

solar energy while being environmentally 

sustainable makes it an attractive choice for solar 

cell applications. Efficiency of Copper Indium 

Selenide solar cells is around 8-10%. 

Gallium Arsenide: GaAs is a compound 

semiconductor material known for its high 

efficiency and excellent performance at higher 

temperatures. Its unique properties make it suitable 

for specialized solar applications where high 

efficiency and temperature resilience are crucial 

[25]. efficiency of Gallium Arsenide solar cells can 

reach efficiencies ranging from 22. to over 28%. 
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4. Other Emerging Materials 

In addition to the well-established solar 

photovoltaic materials, ongoing research and 

exploration have led to the discovery and 

development of other promising materials for solar 

energy generation. These include organic 

photovoltaic materials and perovskite solar cells 

[26], which offer exciting prospects for enhancing 

efficiency, reducing production costs, and opening 

new possibilities for integrating solar technology 

into various industries and consumer products[27]. 

Understanding the unique properties and 

characteristics of each type of solar photovoltaic 

material is essential for selecting the most suitable 

options for specific project requirements [28]. By 

leveraging the advantages of diverse materials, the 

solar energy industry can continue to innovate and 

expand its capabilities, driving the widespread 

adoption of clean and sustainable energy solutions. 

Perovskite materials can be easily synthesized and 

have demonstrated remarkable light-harvesting 

capabilities, offering potential for improved energy 

conversion in solar cells [29]. Additionally, 

perovskite solar cells can be fabricated using low-

temperature processes, which makes them 

compatible with flexible substrates and opens up 

new possibilities for their integration into various 

applications. Their tunable bandgap also allows for 

the possibility of tandem solar cells, where multiple 

layers with different bandgaps can be stacked to 

maximize energy absorption and increase overall 

efficiency [30]. Organic photovoltaics, on the other 

hand, provide a flexible and lightweight solution 

for solar energy generation [31]. These materials 

can be tailored to exhibit a variety of optical and 

electrical properties, paving the way for their 

application in novel settings such as curved 

surfaces or portable electronic devices. Moreover, 

the possibility of utilising organic photovoltaic 

materials to create transparent solar cells presents 

opportunities for their integration into transparent 

surfaces such as windows. Another interesting path 

for improving solar photovoltaics is the use of 

quantum dot solar cells [32]. These variable bandgaps 

and high absorption coefficients are two of the 

distinctive optoelectronic characteristics of these 

nanoscale semiconductor particles, which can lead to  

 

improved light-harvesting capabilities and enhanced 

efficiency in solar cells. As research continues to 

progress, the integration of these emerging materials 

into solar photovoltaics holds the potential to not only 

increase energy conversion efficiency but also diversify 

the applications of solar technology. With ongoing 

advancements, the realization of more sustainable and 

accessible renewable energy solutions is within reach. 

The integration of emerging materials in solar 

photovoltaics has the potential to revolutionize the field 

and contribute towards a more sustainable and 

accessible future. 

5. Challenges in Solar Photovoltaics 

While the advancements in solar photovoltaic 

materials hold great promise, there are still several 

challenges that need to be addressed. They are: 

Efficiency Limitations: Current solar photovoltaic 

technologies have efficiency limitations, meaning 

that they do not convert sunlight into electricity at 

their maximum potential [33]. 

Reliability: Solar panels rely on sunlight to 

generate electricity, which means they are 

dependent on weather conditions and available 

sunlight. 

 Degradation: Solar panels may deteriorate with 

time as a result of exposure to sunlight, changes in 

temperature, and various environmental influences. 

Manufacturing costs: The cost of producing solar 

photovoltaic cells can be high, making it 

challenging to make them more affordable and 

accessible to a wider population [34]. 

Scaling Up Production: While the manufacturing 

costs of solar cells are decreasing, there is still a 

need for efficient and cost-effective scaling up of 

production to meet the increasing demand for solar 

energy [35]. 

Integration with Existing Infrastructure: 
Integrating solar photovoltaic systems into existing 

infrastructure can be challenging, especially in 

urban areas where space is limited and there may 

be technical and regulatory barriers to installation. 

Storage and Grid Integration: Solar energy is 

intermittent, meaning that it is only generated when 

the sun is shining [36]. This poses challenges for 

storing and integrating solar energy into the 

electrical grid, as reliable and efficient energy 

https://irjaeh.com/


 

International Research Journal on Advanced Engineering Hub (IRJAEH) 

e ISSN: 2584-2137 

Vol. 02  Issue: 01 January 2024 

Page No: 50 - 56  

https://irjaeh.com 
   

 

    

    IRJAEH                     54 

 

storage solutions are needed to ensure a consistent 

supply of electricity from solar sources.  

Environmental Impact: While solar photovoltaic 

cells are considered a clean and renewable energy 

source, the production and disposal of these devices 

can have environmental implications[37]. For 

example, the manufacturing processes for solar 

panels can generate greenhouse gas emissions and 

produce waste materials. There are several issues 

and challenges associated with solar photovoltaic 

cells[38]. 

6. Future Prospects of Solar Photovoltaic 

Materials 

Solar photovoltaic materials have bright futures 

because research and development are being done 

to overcome the aforementioned issues[39]. 

Researchers are presently focusing on boosting 

solar cell efficiency, creating novel, 

environmentally friendly, and reasonably priced 

materials, as well as enhancing the scalability and 

integration of solar photovoltaic systems with 

current infrastructure. Additionally, advancements 

in energy storage technologies are being explored 

to overcome the intermittent nature of solar energy 

and enable better grid integration. Furthermore, 

advancements in solar photovoltaic materials are 

focused on improving the durability and stability of 

these materials, as well as reducing manufacturing 

costs through innovative fabrication methods[40]. 

Overall, the future prospects of solar photovoltaic 

materials involve continuous advancements in 

efficiency, reliability, scalability, cost-

effectiveness, and environmental sustainability. 

Conclusion 

In conclusion, solar photovoltaic materials play a 

crucial role in harnessing solar energy for 

electricity generation and have the the capacity to 

completely transform the renewable energy 

industry. As ongoing research continues to focus on 

increasing efficiency, improving reliability, 

addressing manufacturing costs, and overcoming 

integration and environmental challenges, the 

future prospects of solar photovoltaic materials 

remain highly encouraging[41]. Advancements in 

energy storage technologies, innovative fabrication 

methods, and the development of new cost-

effective and environmentally friendly materials 

further reinforce the potential for continued 

progress in the field of solar photovoltaics. With 

these advancements, the potential for more 

sustainable, accessible, and widespread adoption of 

solar energy solutions is within reach. The ongoing 

progression of solar photovoltaic materials shows 

potential in facilitating the shift towards a more 

eco-friendly and enduring energy prospect. As we 

look ahead, the integration of emerging materials 

into solar photovoltaics stands as a beacon of 

progress towards a greener and more sustainable 

world. 
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