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Abstract: The paper explores the significant role of photovoltaic (PV) technology in the global energy mix and its 
diverse range of applications, including power generation for residential and commercial buildings, transportation, 
and industry. Building-integrated photovoltaic systems offer numerous benefits over traditional solar panels, such as 
enhanced energy efficiency, reduced visual impact, and simplified installation. The critical role of grid integration in 
photovoltaic systems, the utilization of photovoltaic systems for powering electric vehicles, and the application of 
floating solar farms are also emphasized. Additionally, the article discusses the influence of various factors, including 
solar irradiance, temperature, shading, and system design and installation, on the performance of photovoltaic systems 
during their operation. The article also sheds light on emerging technologies, such as software tools, numerical models, 
and experimental methods, used for performance modeling and analysis. Despite challenges associated with the 
photovoltaic industry, such as initial investment costs and intermittency issues, supportive policies from governments 
and ongoing technological advancements are contributing to the accelerated growth of the photovoltaic industry and 
paving the way for a more sustainable future for future generations.

Keywords: PV technology, PV application, photovoltaics, solar energy, building-integrated photovoltaics (BIPV) 
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1. Introduction
Employing solar energy as a source of electricity dates back to the 19th century when French physicist Edmond 

Becquerel first discovered the photovoltaic (PV) effect, which refers to the generation of electric current when certain 
materials are exposed to light. However, it wasn’t until the 1950s and 1960s that practical applications of PV began to 
emerge when silicon-based PV cells were developed. Since then, the technology has advanced significantly and the PV 
systems have become more efficient, reliable, and cost-effective. Today, solar energy is the fastest-growing source of 
renewable energy. The adoption of solar energy is expected to continue to accelerate in the coming decades.

The objective of this paper is to emphasize the significant role of PV technology in the global energy mix and 
its various applications. With the growing importance of renewable energy sources and the potential of PV systems, 
the scope of the paper is to make a significant contribution to the field by providing a comprehensive overview of the 
diverse applications and critical aspects of PV systems. It highlights the importance of grid integration in PV systems, 
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the utilization of PV for powering electric vehicles, and the emerging trend of floating solar farms. Furthermore, the 
paper addresses the influence of various factors on the performance of PV systems and explores the use of advanced 
technologies for performance modeling and analysis. The novelty of this paper lies in its comprehensive coverage of 
the economic, environmental, and technical considerations of the PV industry, offering valuable insights for researchers, 
policymakers, and industry professionals. It consolidates current knowledge and provides a holistic understanding of PV 
technology’s role in achieving a sustainable and renewable energy future.

2. Methodology
This paper utilizes a comprehensive approach to investigate the significant role of PV technology in the global 

energy mix and its diverse range of applications. The methodology employed includes a combination of literature 
review, data and information collection, and case studies to gather and analyze relevant information. The paper 
encompasses three sections: PV technology, PV application, and the sustainability of the PV industry. The flowchart of 
the paper is shown in Figure 1.

Figure 1. The flowchart of the paper

The initial phase involved an extensive review of scholarly articles, reports, and industry publications to gather 
a comprehensive understanding of the PV industry, its applications, and associated economic, environmental, and 
technical considerations. This literature review formed the foundation for the subsequent analysis and discussions 
presented in the paper.

Data and information collection were conducted to examine the growth and trends in the PV industry, including 
market dynamics, government policies, and technological advancements. Various sources such as industry reports, 
statistical data, and government publications were utilized to gather qualitative information for analysis. This analysis 
provided insights into the current state of the PV industry, as well as the factors influencing its growth and development.

Case studies were also included to illustrate real-world examples and applications of PV systems. These case 
studies were selected based on their relevance to the different topics discussed in the paper, such as building-integrated 
PV systems, grid integration, PV systems for powering electric vehicles, and floating solar farms. The case studies 
provided practical insights into the implementation, challenges, and benefits of PV systems in various contexts.
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3. Solar energy and application
The sun is a massive source of energy that emits radiation in the form of electromagnetic waves. This radiation 

includes visible light, ultraviolet light, and infrared radiation. Solar energy is harnessed by capturing this radiation and 
converting it into useful forms of energy, such as electricity or heat. The amount of solar energy that reaches the earth’s 
surface is enormous, and it is estimated that the sun’s energy could meet the world’s energy needs for an entire year in 
just one hour of sunlight [1].

PV technology is based on the principle of converting sunlight into electricity through the use of solar cells. Solar 
cells are made up of semiconducting materials, such as silicon, that absorb photons of light and release electrons, 
generating an electric current [2]. The efficiency of a solar cell is determined by the percentage of sunlight that is 
converted into electricity. Currently, the most efficient solar cells can convert up to 25.2% of sunlight into electricity, 
although most commercially available cells have an efficiency of around 15-20% [3]. However, in research and 
development, scientists have achieved PV cells with sunlight conversion efficiencies near 50% [3].

PV systems can be designed in various configurations, depending on the application and the available space. The 
most common types of PV systems include rooftop solar panels for residential and commercial buildings, ground-
mounted systems for utility-scale power generation, and solar farms for large-scale electricity production.

Solar energy has a wide range of applications in various sectors, including residential, commercial, and industrial 
[4]. In the residential sector, PV systems can be used to power homes, therefore, reducing dependence on the grid and 
lowering energy costs. Commercial buildings can also benefit from PV systems, with solar panels installed on rooftops 
or integrated into building facades. Industrial applications of solar energy include powering remote off-grid locations, 
such as mining and oil rigs, and providing electricity for water pumping and irrigation in agriculture [5]-[6]. These 
technologies can significantly reduce energy consumption and carbon emissions in buildings, particularly in areas with 
high levels of sunshine.

Several recent studies have concentrated on the application and efficiency of PV systems. Research into the 
design and performance analysis of dual-axis tracking solar systems has uncovered innovative approaches [7]. Another 
investigation introduces a unique method for assessing energy efficiency loss caused by dust accumulation in PV 
systems. This study utilizes a coupling model (dust concentration and photoelectric conversion efficiency (DC-PCE)), 
validated through experiments with various dust pollutants, providing a reliable on-site evaluation tool with an accuracy 
of 83.12% [8]. In the context of the growing role of solar energy, a thorough review examines factors influencing solar 
cell efficiency, encompassing materials, maximum power point tracking (MPPT) techniques, and direct current to 
direct current (DC-DC) converters [9]. In the pursuit of sustainable energy, a statistical assessment evaluates twenty 
optimization-based global MPPT methods, offering valuable insights for enhancing PV system efficiency under varying 
shading scenarios [10]. Additionally, a study introduces a novel MPPT technique using the Yellow Saddle Goatfish 
Algorithm, demonstrating superior performance in addressing power losses under partial shading conditions through 
simulations and statistical analysis [11].

4. Types of PV cells
There are three main types of PV cells: crystalline silicon, thin-film, and perovskite [12]. Crystalline silicon cells 

are the most commonly used and have a long lifespan of up to 25 years [13]. Thin-film cells are lightweight and flexible, 
making them suitable for use in building-integrated photovoltaics (BIPV). Perovskite cells are a promising emerging 
technology that has shown high efficiency and low-cost potential [14], but their stability and durability remain a 
challenge [15].

5. Components of a PV system
A PV system consists of several components, including solar panels, inverters, charge controllers, batteries, and 

mounting systems [16]. Solar panels are the primary component that absorbs sunlight and converts it into electricity. 
Inverters convert DC electricity from solar panels into AC electricity that can be used in homes and buildings. Charge 
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controllers regulate the amount of electricity that flows into batteries, while batteries store excess electricity generated 
by the PV system for later use. Mounting systems are used to install solar panels on rooftops or in open spaces. For 
large-scale ground stations, additional components such as combiner boxes and transformers are also incorporated. 
In such installations, alongside solar panels, inverters, charge controllers, and mounting systems, combiner boxes are 
employed to combine the outputs of multiple strings of solar panels, and transformers are utilized for voltage regulation 
and distribution. 

6. Advantages and disadvantages of PV technology
The utilization of PV technology offers numerous advantages and drawbacks that must be taken into account. PV 

technology’s primary advantage is its reliance on an unlimited energy source, the sun. Additionally, PV systems require 
minimal maintenance due to their lack of moving components and ability to endure for several decades. Furthermore, 
PV systems are noise-free, rendering them a silent source of renewable energy. The usage of PV technology can also 
notably diminish greenhouse gas emissions, aiding in the fight against climate change [17]. Finally, PV systems can be 
implemented in remote locations, providing power where traditional grid systems are unavailable.

On the other hand, the high installation cost is the primary drawback of PV technology, although it has substantially 
decreased in recent years. PV systems require sunlight to generate electricity, making them unsuitable in areas with low 
sunlight or frequent cloud cover. Large-scale PV systems necessitate substantial land, which could be problematic in 
regions where land is scarce. Additionally, disposing of PV panels at the end of their life cycle could be challenging due 
to toxic components [18]. Finally, the efficiency of PV systems may be affected by factors such as temperature, shading, 
and panel orientation, reducing their overall effectiveness [19].

7. Building-integrated PV
Building-integrated photovoltaics (BIPV) is a cutting-edge technology that integrates solar panels into building 

structures [20]. BIPV systems not only generate electricity but also serve as an architectural element that seamlessly 
blends into the building’s design. BIPV systems have gained immense popularity due to their ability to provide 
renewable energy without compromising the aesthetics of traditional solar panels.

BIPV systems come in various forms such as solar shingles, solar windows, and solar facades. Solar shingles are 
designed to replace traditional roof shingles and fit smoothly into the roofline. Solar windows incorporate transparent 
solar cells into the glass of windows, allowing natural light to enter the building while generating electricity [21]. Solar 
facades use solar panels as an architectural element to cover the exterior of the building while generating electricity.

BIPV systems offer several advantages over traditional solar panels. Firstly, BIPV systems reduce the visual impact 
of solar panels on building design, offering a more seamless and visually appealing appearance. Secondly, BIPV systems 
streamline the installation process as the panels are integrated into the building’s design during construction, providing a 
more efficient and cost-effective solution [22].

Another significant advantage of BIPV systems is their ability to improve a building’s energy efficiency by 
providing shade, insulation, and ventilation, thereby reducing energy consumption. BIPV systems can also contribute 
to green building certifications such as Leadership in Energy and Environmental Design (LEED) by enhancing the 
building’s overall sustainability [23].

BIPV systems can be used in both residential and commercial buildings. Residential BIPV systems can provide 
homeowners with a reliable and sustainable source of renewable energy, therefore, improving the energy efficiency of 
their homes. Commercial BIPV systems can offer a significant source of renewable energy for large-scale buildings to 
enhance the building’s sustainability.

8. Grid integration with PV system
Grid integration can provide a positive aspect of PV systems because it allows for the efficient and reliable 
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distribution of electricity to homes and businesses [24]. Grid integration refers to the process of connecting PV 
systems to the electric grid. By connecting to the electric grid, PV system owners can not only transfer their excess 
power generated by the PV system back to the grid but also can draw power from the grid when the PV system is not 
producing enough electricity. 

One of the benefits of grid integration is that it allows PV system owners to earn credits for the excess power 
generated by their system [25]. The credits can help the PV system owners offset their electricity bills. This process is 
known as net metering and is a policy implemented by many countries to incentivize the adoption of renewable energy 
sources.

Grid integration also helps to increase the stability and reliability of the electric grid. As more and more PV systems 
are integrated into the grid, there is a greater variability in the supply of electricity [26]. In addition, advancements in 
grid management technology can also ensure that the electric grid remains stable. The example of grid management 
includes energy storage systems and demand response programs.

9. Electric vehicles
The transportation sector is one of the largest consumers of energy globally, and it is primarily powered by fossil 

fuels, which contribute significantly to greenhouse gas emissions [27]. However, with the advancement of technology 
and the development of renewable energy sources, there is a growing interest in using renewable energy to power the 
transportation sector. PV systems can be a valuable source of renewable energy for powering electric vehicles (EVs), 
reducing reliance on fossil fuels, and lowering greenhouse gas emissions.

PV systems can be used in two ways to power EVs. The first method involves using PV panels to generate 
electricity, which is then stored in batteries to power the EV [28]. The second method is known as solar-powered 
charging stations, where PV panels generate electricity, which is then fed directly into the grid and used to power EV 
charging stations [29].

The use of PV systems to power EVs has several advantages. Firstly, it provides a clean source of energy, reducing 
the carbon footprint of the transportation sector. Secondly, it can reduce dependence on foreign oil, which is often a 
source of geopolitical tensions. Thirdly, it can provide energy security, as PV systems can be installed locally, reducing 
the risk of supply chain disruptions. Finally, it can reduce the overall operating costs of EVs, as the fuel source is 
renewable, making it more cost-effective in the long run [30].

However, there are also some challenges associated with using PV systems to power EVs. Firstly, the initial cost of 
PV systems can be high, making it a less attractive option for some consumers. Secondly, PV systems require sunlight to 
generate electricity, which means they may not be suitable for all locations or weather conditions. Thirdly, the efficiency 
of PV systems can be affected by factors such as shading, dust, and temperature changes [31].

Despite these challenges, the use of PV systems to power EVs has significant potential to increase the use 
of renewable energy in the transportation sector. The development of new technologies and the reduction of costs 
associated with PV systems and EVs can make this solution more accessible and practical. Therefore, employing 
PV systems to power EVs is a promising avenue for achieving a more sustainable and environmentally friendly 
transportation sector.

10. Floating solar farms
Floating solar farms are an innovative and exciting application of PV systems that are gaining popularity 

worldwide. These systems involve the installation of solar panels on floating structures, such as rafts or buoys, that are 
placed on bodies of water, such as lakes, reservoirs, or oceans [32].

One of the main advantages of floating solar farms is their ability to utilize otherwise unused space on bodies 
of water. By using water bodies for solar power generation, there is no need to compete with other land uses, such as 
agriculture or urban development, for space. Additionally, floating solar farms have been shown to have higher energy 
yields compared to traditional ground-mounted PV systems due to the cooling effect of the water, which improves the 
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efficiency of the panels [33].
Floating solar farms also offer environmental benefits. By covering the surface of a water body with solar panels, 

floating solar farms can help reduce water evaporation and control algae growth, leading to improved water quality [34]. 
They also reduce the need for land clearance and the environmental impacts associated with land-based solar farms.

Floating solar farms have been successfully implemented in various countries, including Japan, China, and India. 
In 2020, the world’s largest floating solar farm was completed in Anhui Province, China, with a capacity of 150 MW [35]. 
In 2017, India’s first floating solar farm was inaugurated in the southern state of Kerala, with a capacity of 500 kW [36].

However, there are also some challenges associated with floating solar farms. One of the main challenges is 
the potential impact on aquatic ecosystems, such as fish habitats and migratory patterns [37]. Careful planning and 
environmental assessments are necessary to minimize the potential negative impacts.

11. PV system performance modeling and analysis
The performance of a PV system is influenced by several factors, including the efficiency of the solar cells, 

shading and orientation of the solar panels, temperature, and system design and installation. Performance modeling 
and analysis of PV systems are crucial in assessing the efficiency, reliability, and economic viability of solar energy 
installations. A PV system’s performance is affected by several factors, including solar irradiance, temperature, shading, 
and the efficiency of the PV modules and inverters [38]. Therefore, accurate modeling and analysis of these factors are 
necessary to optimize system performance and minimize energy losses.

Performance modeling and analysis can be done using various software tools and simulation models, which 
range from simple spreadsheet-based models to complex numerical models. These models take into account several 
parameters, including the system’s design and configuration, weather conditions, and performance data collected from 
the PV system [39].

One of the most commonly used software tools for PV system performance modeling and analysis is PVsyst [40]. 
PVsyst is a software package that simulates the performance of PV systems using detailed models of PV modules, 
inverters, and balance-of-system components. The software allows users to input data such as location, module type, 
tilt angle, and shading conditions to generate an accurate prediction of the system’s energy output. The software also 
provides detailed reports on the system’s energy yield, performance ratio, and financial analysis, making it a valuable 
tool for designing and optimizing PV systems.

Another software tool commonly used for PV system performance modeling and analysis is system advisor model 
(SAM) [41]. SAM is a free software package developed by the National Renewable Energy Laboratory (NREL) that 
provides a detailed analysis of the performance and economics of renewable energy systems. SAM includes a wide 
range of PV system models, from small residential systems to large utility-scale installations, and allows users to input 
detailed system and weather data to simulate the performance of the system over time.

In addition to software tools, several numerical models have been developed to simulate the performance of 
PV systems. One of the most widely used models is the single-diode model, which describes the current-voltage 
characteristics of a PV module using a single exponential equation [42]. The model takes into account several 
parameters, including the module’s temperature, irradiance, and current-voltage characteristics, to accurately predict 
the module’s power output. The model is relatively simple and can be used to simulate the performance of PV systems 
under various weather conditions.

Performance modeling and analysis of PV systems can also be done using experimental methods. Field testing is 
commonly used to measure the performance of PV systems under real-world conditions [43]. The performance data 
collected from field testing can be used to validate simulation models and improve their accuracy. In addition, several 
performance monitoring systems have been developed to monitor the performance of PV systems in real-time. These 
systems allow operators to identify and address performance issues quickly, minimizing energy losses and improving 
system reliability.
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12. Challenges facing in the PV industry
Despite the many benefits of solar energy, there are still several challenges that need to be addressed to promote its 

widespread adoption. One of the main challenges is the high upfront cost of PV systems [44]. Although the cost of solar 
panels has decreased significantly in recent years, the initial investment required to install a PV system can still be a 
barrier for many individuals and organizations [45].

Another challenge is the intermittency of solar energy. Solar power is only generated during daylight hours, and its 
output can be affected by weather conditions [46]. This means that PV systems need to be integrated with energy storage 
systems, such as batteries, to ensure a continuous supply of electricity.

The lack of standardization in PV technology is another challenge facing the industry. With so many different types 
of solar panels and inverters available, it can be difficult to ensure compatibility and optimize system performance. 
Industry standards can help address this issue.

13. Policies and incentives
The growth of the PV industry is largely influenced by government policies and support mechanisms. Governments 

around the world are recognizing the benefits of renewable energy, including PV, and are implementing supportive 
policies to promote its adoption. Such policies typically include financial incentives, regulations, and targets. To 
ensure the continued success of these initiatives, it is imperative to advocate for sustained government commitment to 
renewable energy policies. Stakeholders should emphasize the need for comprehensive, long-term strategies, providing 
stability for investors and fostering continued growth in the PV industry.

Feed-in-Tariff (FIT) System: One key policy that supports the PV industry is the FIT system. Under this policy, the 
utility company is required to purchase all the electricity generated by a PV system at a predetermined rate that is higher 
than the retail electricity price [47]. This provides an economic incentive for individuals and businesses to install PV 
systems as they can sell excess electricity generated by their PV system to the utility company at a higher rate. To ensure 
the longevity and relevance of FIT systems, periodic reviews are recommended. These reviews should aim to adapt 
the predetermined rates to technological advancements and market dynamics, ensuring that the FIT system remains an 
attractive and effective driver for sustained growth in the PV sector.

Net Metering: Net metering is another policy that supports the PV industry. Under net metering, customers who 
generate their own electricity from PV systems can receive credits on their utility bills for any excess electricity they 
produce and feed back into the grid. This allows customers to offset their electricity consumption and reduce their 
energy bills, which incentivizes the adoption of PV systems. A recommendation in this context is to advocate for 
universal adoption of net metering policies. Standardized frameworks should be promoted to eliminate barriers and 
uncertainties, making net metering more accessible to a broader range of consumers.

Tax Incentives, Grants, and Subsidies: Other policies that support the PV industry include tax incentives, grants, 
and subsidies. Tax incentives such as investment tax credits (ITCs) provide a tax credit to individuals and businesses 
that install PV systems, reducing the overall cost of the system [48]. Grants and subsidies provide financial support 
to individuals and businesses that install PV systems, further reducing the cost of the system. To ensure the continued 
success of these policies, it is essential to lobby for their continuation and expansion. Stakeholders should emphasize 
the societal and environmental benefits of these incentives, garnering support for sustained government investment in 
incentivizing PV adoption.

Renewable portfolio standards (RPS) and Energy Efficiency Targets: RPS and energy efficiency targets are policies 
that mandate the use of renewable energy sources such as PV [49]. RPS requires a certain percentage of electricity to 
be generated from renewable sources, while energy efficiency targets require utilities to reduce the amount of electricity 
they generate by improving energy efficiency. These policies create a market for renewable energy sources such as PV, 
driving the adoption of PV systems. Advocacy efforts should focus on the implementation and strengthening of these 
mandates at both regional and national levels. Stressing the pivotal role of these policies in transitioning towards a 
sustainable energy landscape is crucial for achieving climate goals.
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14. Economic considerations
The economic considerations of the PV industry are complex and multi-faceted, encompassing factors such as 

costs, incentives, and market trends. When evaluating the PV industry, it is important to keep in mind the following key 
economic considerations:

High Cost: One of the primary economic considerations for the PV industry is the cost of PV systems [50]. While 
the cost of PV systems has decreased dramatically in recent years, the initial cost of installation can still be a significant 
barrier for some. Additionally, ongoing maintenance costs can also be a concern for system owners.

Incentives and Subsidies: In many countries, incentives and subsidies are available to encourage the adoption of 
PV technology. These can include tax credits, rebates, and feed-in tariffs, which pay PV system owners for the excess 
electricity they generate and feed back into the grid. Incentives and subsidies can make PV systems more accessible to 
a wider range of consumers and businesses. Policymakers should advocate for and enhance such incentive programs to 
facilitate wider accessibility for consumers and businesses.

Energy Market Dynamics: The energy market is constantly evolving, and shifts in supply and demand can impact 
the economic viability of PV systems [51]. For example, if the cost of fossil fuels rises, PV systems may become 
more cost-competitive. Changes in government policies and regulations can also impact the industry. Therefore, it 
is recommended to keep abreast of market dynamics and advocate for policies that stabilize and favor the economic 
viability of PV technology.

Diverse Financing Options: A range of financing options are available for PV systems, including loans, leases, 
and power purchase agreements (PPAs). These can help to offset the initial cost of installation and make PV systems 
more accessible to a wider range of consumers and businesses. The availability of financing options can play a key role 
in the adoption of PV technology. Policymakers and financial institutions should collaborate to enhance and diversify 
financing mechanisms, ensuring accessibility for a broad spectrum of consumers and businesses.

Cost-Benefit Analysis: Before investing in a PV system, it is important to conduct a cost-benefit analysis that takes 
into account the initial cost of installation, ongoing maintenance costs, and potential energy savings over the lifespan 
of the system. This can help to determine whether a PV system is a financially viable option for a given situation. 
Encouraging stakeholders to engage in such analyses ensures informed decision-making regarding the financial viability 
of adopting PV technology.

15. Environmental considerations
The PV industry has significant environmental implications, both positive and negative. While PV systems 

generate clean and renewable energy, the production, installation, and disposal of PV panels and other components can 
have environmental impacts. Here are some key environmental considerations of the PV industry:

Clean and Renewable Energy Generation: PV systems generate clean and renewable energy, which reduces 
reliance on fossil fuels and helps to mitigate climate change. This is one of the primary environmental benefits of the 
PV industry. By generating electricity from the sun, PV systems can help to reduce greenhouse gas emissions and other 
pollutants associated with traditional electricity generation.

Production Process Mitigation Measures: The production of PV panels requires energy and resources, such as 
silicon, aluminum, and glass. The production process can generate greenhouse gas emissions and other pollutants, 
depending on the energy sources used [52]. However, the environmental impact of production can be mitigated through 
the use of renewable energy and efficient manufacturing processes. Advocacy efforts should focus on encouraging the 
widespread adoption of these measures within the industry to minimize environmental impacts.

Installation Impact and Biodiversity Concerns: The installation of PV systems can have minimal impact on the 
environment, especially in cases where they are installed on existing buildings or structures. However, in some cases, 
the installation of large-scale PV systems may require land use changes or the clearing of vegetation, which can have 
negative impacts on biodiversity and ecosystem services [53]. It is recommended to prioritize and advocate for PV 
installation practices that minimize disturbance to ecosystems. This can involve strategic site selection, reforestation 
initiatives, and adherence to sustainable installation practices.
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End-of-Life Considerations and Responsible Disposal: The disposal of PV panels and other components at the 
end of their life cycle can also have environmental implications. While PV panels can last for 20-30 years or more, 
they will eventually need to be replaced [54]. The disposal of PV panels and other components must be managed 
carefully to minimize environmental impacts. Advocacy should focus on the development and promotion of responsible 
disposal practices, including recycling programs and the adoption of technologies that reduce the ecological footprint of 
decommissioned PV panels. This ensures that the positive environmental contributions of PV systems are not offset by 
inadequate end-of-life management.

16. Future prospects of applications of photovoltaic systems
The future prospects of applications for photovoltaic systems hold tremendous promise as the global emphasis 

on sustainable energy intensifies. Anticipated developments in technology, coupled with evolving policies and market 
dynamics, position photovoltaic systems at the forefront of the renewable energy landscape. Innovations in solar cell 
efficiency, energy storage solutions, and smart grid integration are expected to enhance the overall performance and 
reliability of photovoltaic systems. As investments in research and development continue to drive advancements, and 
governments worldwide increasingly prioritize clean energy initiatives, the future outlook for photovoltaic systems 
appears to be marked by continual growth, technological breakthroughs, and their increasingly integral role in fostering 
a sustainable energy future.

17. Conclusion
PV technology has come a long way since its invention in the last century. Solar energy has become a vital 

component of the world’s energy mix, with a wide range of applications, including power generation for residential and 
commercial buildings, transportation, and industry. PV systems offer many advantages, such as low carbon emissions, 
minimal maintenance, and durability, making them an excellent alternative to conventional fossil fuel-based power 
generation.

As the applications of the PV system, the use of BIPV systems offers several benefits over traditional solar panels, 
including improved energy efficiency, reduced visual impact on building design, and streamlined installation. BIPV 
systems have applications in both residential and commercial buildings and contribute to the overall sustainability of 
buildings. Grid integration is a critical aspect of PV systems, allowing for the efficient distribution of electricity to 
homes and businesses, and enabling PV system owners to earn credits for excess power generated by their system. 
The use of PV systems to power EVs offers a clean, cost-effective, and renewable source of energy, reducing reliance 
on fossil fuels, and lowering greenhouse gas emissions. The development of floating solar farms offers an innovative 
solution to utilizing otherwise unused space on bodies of water, providing higher energy yields compared to traditional 
ground-mounted PV systems.

The performance of a PV system is influenced by several factors, including solar irradiance, temperature, shading, 
and system design and installation. Performance modeling and analysis of PV systems are crucial in assessing the 
efficiency, reliability, and economic viability of solar energy installations. Various software tools, numerical models, 
and experimental methods can be used for performance modeling and analysis. Among these, PVsyst and SAM are 
commonly used software tools. Field testing and performance monitoring systems are also essential for real-time 
performance evaluation and optimization. By accurately modeling and analyzing these factors, PV system operators 
can optimize system performance, minimize energy losses, and improve the overall reliability and economic viability of 
their installations.

There are some challenges associated with the PV industry, such as the initial investment cost and intermittency 
issues. Nonetheless, with advancements in technology and economies of scale, the cost of PV systems is continuously 
decreasing, making them more accessible to a wider range of consumers. Moreover, policy support from governments, 
such as feed-in tariffs, tax credits, and net metering, has also contributed to the growth of the PV industry.

PV systems have significant environmental advantages, including reducing greenhouse gas emissions, air pollution, 
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and dependence on non-renewable resources. These environmental benefits have led to increased public awareness and 
support for the PV industry, which in turn, has helped to accelerate its growth.

The application of PV systems has enormous potential to provide sustainable and affordable energy for a variety 
of purposes. As a result, it is essential to continue to invest in research and development to improve the efficiency and 
effectiveness of PV technology. With ongoing advancements in PV systems and supportive policies, the PV industry is 
well-positioned to become a dominant player in the global energy market and to contribute to a more sustainable future 
for generations to come.

Acknowledgement
The present paper was composed by the authors themselves. To enhance the overall readability, an AI language 

check was performed on the manuscript. The authors would like to express their gratitude towards Open AI for 
providing Chat GPT as a language improvement service.

Conflict of interest
The authors declare that they have no known competing financial interests or personal relationships that could have 

appeared to influence the work reported in this paper.

References
[1] N. S. Lewis and D. G. Nocera, “Powering the planet: Chemical challenges in solar energy utilization,” Proceedings 

of the National Academy of Sciences, vol. 103, no. 43, pp. 15729-15735, 2006.
[2] G. Knier, “How do photovoltaics work,” Science@ NASA [Online]. 2002. Available: https://www.

philiprogersschool.org/ourpages/auto/2012/3/30/47479917/How%20do%20Photovoltaics%20Work_%20-%20
NASA%20Science.pdf [Accessed Sept. 20, 2023]. 

[3] University of Michigan, Center for Sustainable Systems, “Photovoltaic energy factsheet,” [Online]. Available: 
https://css.umich.edu/publications/factsheets/energy/photovoltaic-energy-factsheet#:~:text=PV%20conversion%20
efficiency%20is%20the,that%20is%20converted%20to%20electricity.&text=Though%20most%20commercial%20
panels%20have,cells%20with%20efficiencies%20approaching%2050%25 [Accessed Sept. 20, 2023].

[4] S. Mekhilef, R. Saidur, and A. Safari, “A review on solar energy use in industries,” Renewable and Sustainable 
Energy Reviews, vol. 15, no. 4, pp. 1777-1790, 2011.

[5] M. Aliyu, G. Hassan, S. A. Said, M. U. Siddiqui, A. T. Alawami, and I. M. Elamin, “A review of solar-powered 
water pumping systems,” Renewable and Sustainable Energy Reviews, vol. 87, pp. 61-76, 2018.

[6] M. A. Halabi, A. Al-Qattan, and A. Al-Otaibi, “Application of solar energy in the oil industry-Current status and 
future prospects,” Renewable and Sustainable Energy Reviews, vol. 43, pp. 296-314, 2015.

[7] A. Awasthi, A. K. Shukla, M. M. SR, C. Dondariya, K. N. Shukla, D. Porwal, and G. Richhariya, “Review on sun 
tracking technology in solar PV system,” Energy Reports, vol. 6, pp. 392-405, 2020.

[8] S. Fan, Y. Wang, S. Cao, T. Sun, and P. Liu, “A novel method for analyzing the effect of dust accumulation on 
energy efficiency loss in photovoltaic (PV) system,” Energy, vol. 234, pp. 121112, 2021.

[9] R. Venkateswari and S. Sreejith, “Factors influencing the efficiency of photovoltaic system,” Renewable and 
Sustainable Energy Reviews, vol. 101, pp. 376-394, 2019.

[10] H. Rezk, M. AL-Oran, M. R. Gomaa, M. A. Tolba, A. Fathy, M. A. Abdelkareem, A. G. Olabi, and A. H. M. El-
Sayed, “A novel statistical performance evaluation of most modern optimization-based global MPPT techniques 
for partially shaded PV system,” Renewable and Sustainable Energy Reviews, vol. 115, pp. 109372, 2019.

[11] H. Azli, S. Titri, C. Larbes, K. Kaced, and K. Femmam, “Novel yellow saddle goatfish algorithm for improving 
performance and efficiency of PV system under partial shading conditions,” Solar Energy, vol. 247, pp. 295-307, 
2022.

[12] M. K. Assadi, S. Bakhoda, R. Saidur, and H. Hanaei, “Recent progress in perovskite solar cells,” Renewable and 
Sustainable Energy Reviews, vol. 81, pp. 2812-2822, 2018.

https://www.philiprogersschool.org/ourpages/auto/2012/3/30/47479917/How%20do%20Photovoltaics%20Work_%20-%20NASA%20Science.pdf
https://www.philiprogersschool.org/ourpages/auto/2012/3/30/47479917/How%20do%20Photovoltaics%20Work_%20-%20NASA%20Science.pdf
https://www.philiprogersschool.org/ourpages/auto/2012/3/30/47479917/How%20do%20Photovoltaics%20Work_%20-%20NASA%20Science.pdf
https://css.umich.edu/publications/factsheets/energy/photovoltaic-energy-factsheet#:~:text=PV%20conversion%20efficiency%20is%20the,that%20is%20converted%20to%20electricity.&text=Though%20most%20commercial%20panels%20have,cells%20with%20efficiencies%20approaching%2050%25
https://css.umich.edu/publications/factsheets/energy/photovoltaic-energy-factsheet#:~:text=PV%20conversion%20efficiency%20is%20the,that%20is%20converted%20to%20electricity.&text=Though%20most%20commercial%20panels%20have,cells%20with%20efficiencies%20approaching%2050%25
https://css.umich.edu/publications/factsheets/energy/photovoltaic-energy-factsheet#:~:text=PV%20conversion%20efficiency%20is%20the,that%20is%20converted%20to%20electricity.&text=Though%20most%20commercial%20panels%20have,cells%20with%20efficiencies%20approaching%2050%25


Engineering Science & TechnologyVolume 5 Issue 1|2024| 119

[13] M. T. Zarmai, N. N. Ekere, C. F. Oduoza, and E. H. Amalu, “Optimization of thermo-mechanical reliability of 
solder joints in crystalline silicon solar cell assembly,” Microelectronics Reliability, vol. 59, pp. 117-125, 2016.

[14] H. D. Pham, T. T. Do, J. Kim, C. Charbonneau, S. Manzhos, K. Feron, W. C. Tsoi, J. R. Durrant, S. M. Jain, and 
P. Sonar, “Molecular engineering using an anthanthrone dye for low-cost hole transport materials: a strategy for 
dopant-free, high-efficiency, and stable perovskite solar cells,” Advanced Energy Materials, vol. 8, no. 16, pp. 
1703007, 2018.

[15] J. P. Correa-Baena, M. Saliba, T. Buonassisi, M. Grätzel, A. Abate, W. Tress, and A. Hagfeldt, “Promises and 
challenges of perovskite solar cells,” Science, vol. 358, no. 6364, pp. 739-744, 2017.

[16] E. Franklin, “Solar photovoltaic (PV) system components,” [Online]. pp. 1-8, 2018. Available: https://extension.
arizona.edu/sites/extension.arizona.edu/files/pubs/az1742-2018.pdf [Accessed Sept. 20, 2023].

[17] C. Breyer, O. Koskinen, and P. Blechinger, “Profitable climate change mitigation: The case of greenhouse gas 
emission reduction benefits enabled by solar photovoltaic systems,” Renewable and Sustainable Energy Reviews, 
vol. 49, pp. 610-628, 2015.

[18] P. Jayapradha and D. Barik, “A review of solar photovoltaic power utilizations in India and impacts of segregation 
and safe disposal of toxic components from retired solar panels,” International Journal of Energy Research, vol. 
2023, pp. 3196734, 2023.

[19] K. Hasan, S. B. Yousuf, M. S. H. K. Tushar, B. K. Das, P. Das, and M. S. Islam, “Effects of different environmental 
and operational factors on the PV performance: A comprehensive review,” Energy Science & Engineering, vol. 10, 
no. 2, pp. 656-675, 2022.

[20] B. P. Jelle, C. Breivik, and H. D. Røkenes, “Building integrated photovoltaic products: A state-of-the-art review 
and future research opportunities,” Solar Energy Materials and Solar Cells, vol. 100, pp. 69-96, 2012.

[21] M. Vasiliev, K. Alameh, and M. Nur-E-Alam, “Spectrally-selective energy-harvesting solar windows for public 
infrastructure applications,” Applied Sciences, vol. 8, no. 6, pp. 849, 2018.

[22] P. Corti, L. Capannolo, P. Bonomo, P. De Berardinis, and F. Frontini, “Comparative analysis of BIPV solutions to 
define energy and cost-effectiveness in a case study,” Energies, vol. 13, no. 15, pp. 3827, 2020.

[23] K. Liu, B. Zhu, and J. Chen, “Low-carbon design path of building integrated photovoltaics: a comparative study 
based on green building rating systems,” Buildings, vol. 11, no. 10, pp. 469, 2021.

[24] K. N. Nwaigwe, P. Mutabilwa, and E. Dintwa, “An overview of solar power (PV systems) integration into 
electricity grids,” Materials Science for Energy Technologies, vol. 2, no. 3, pp. 629-633, 2019.

[25] D. Watts, M. F. Valdés, D. Jara, and A. Watson, “Potential residential PV development in Chile: The effect of Net 
Metering and Net Billing schemes for grid-connected PV systems,” Renewable and Sustainable Energy Reviews, 
vol. 41, pp. 1037-1051, 2015.

[26] P. Balcombe, D. Rigby, and A. Azapagic, “Energy self-sufficiency, grid demand variability and consumer costs: 
Integrating solar PV, Stirling engine CHP and battery storage,” Applied Energy, vol. 155, pp. 393-408, 2015.

[27] S. Aragon-Aviles, A. Trivedi, and S. S. Williamson, “Smart power electronics-based solutions to interface solar-
photovoltaics (PV), smart grid, and electrified transportation: State-of-the-art and future prospects,” Applied 
Sciences, vol. 10, no. 14, pp. 4988, 2020.

[28] Y. S. Wamborikar and A. Sinha, “Solar powered vehicle,” In Proceedings of the World Congress on Engineering 
and Computer Science, 2010, pp. 20-22.

[29] Z. Chen, D. Yu, M. Pan, J. Zhang, R. Yuan, X. Liu, and S. Zhao, “Distributed charging control of electric 
vehicles considering cooperative factor in photovoltaic charging station,” In 2021 3rd Asia Energy and Electrical 
Engineering Symposium (AEEES), Chengdu, China: IEEE, 2021. pp. 839-845.

[30] D. B. Richardson, “Electric vehicles and the electric grid: A review of modeling approaches, Impacts, and 
renewable energy integration,” Renewable and Sustainable Energy Reviews, vol. 19, pp. 247-254, 2013.

[31] T. Salamah, A. Ramahi, K. Alamara, A. Juaidi, R. Abdallah, M. A. Abdelkareem, El-C. Amer, and A. G. Olabi, 
“Effect of dust and methods of cleaning on the performance of solar PV module for different climate regions: 
Comprehensive review,” Science of The Total Environment, vol. 827, pp. 154050, 2022.

[32] S. Patil Desai Sujay, M. M. Wagh, and N. N. Shinde, “A review on floating solar photovoltaic power plants,” 
International Journal of Scientific & Engineering Research, vol. 8, no. 6, pp. 789-794, 2017.

[33] A. Sahu, N. Yadav, and K. Sudhakar, “Floating photovoltaic power plant: A review,” Renewable and Sustainable 
Energy Reviews, vol. 66, pp. 815-824, 2016.

[34] M. Esmaeili Shayan and J. Hojati, “Floating solar power plants: a way to improve environmental and operational 
flexibility,” Iranian (Iranica) Journal of Energy & Environment, vol. 12, no. 4, pp. 337-348, 2021.

[35] V. Vidović, G. Krajačić, N. Matak, G. Stunjek, and M. Mimica, “Review of the potentials for implementation of 

https://extension.arizona.edu/sites/extension.arizona.edu/files/pubs/az1742-2018.pdf 
https://extension.arizona.edu/sites/extension.arizona.edu/files/pubs/az1742-2018.pdf 


Engineering Science & Technology 120 | Qi Guo, et al.

floating solar panels on lakes and water reservoirs,” Renewable and Sustainable Energy Reviews, vol. 178, pp. 
113237, 2023.

[36] D. Misra, “Floating photovoltaic plant in India:Current status and future prospect,” in Advances in Thermal 
Engineering, Manufacturing, and Production Management. Singapore: Springer, 2021, pp. 219-232.

[37] S. Oliveira-Pinto and J. Stokkermans, “Marine floating solar plants: An overview of potential, challenges and 
feasibility,” Maritime Engineering, vol. 173, no. 4, pp. 120-135, 2020.

[38] K. V. Vidyanandan, “An overview of factors affecting the performance of solar PV systems,” Energy Scan, vol. 27, 
no. 28, pp. 216, 2017.

[39] M. Aghaei, N. M. Kumar, A. Eskandari, H. Ahmed, A. K. V. de Oliveira, and S. S. Chopra, “Solar PV systems 
design and monitoring,” in Photovoltaic Solar Energy Conversion - Technologies, Applications and Environmental 
Impacts, S. Gorjian, A. Shukla, Eds. Cambridge: Academic Press, 2020, pp. 117-145.

[40] PVsyst [Online]. Available: https://www.pvsyst.com/ [Accessed Sept. 20, 2023].
[41] NREL: SAM [Online]. Available: https://sam.nrel.gov/ [Accessed Sept. 20, 2023].
[42] E. I. Batzelis and S. A. Papathanassiou, “A method for the analytical extraction of the single-diode PV model 

parameters,” IEEE Transactions on Sustainable Energy, vol. 7, no. 2, pp. 504-512, 2015.
[43] Y. Hu, “PV module performance under real-world test conditions-a data analytics approach,” Ph.D. dissertation, 

Case Western Reserve University, Cleveland, Ohio, 2014. Available: https://etd.ohiolink.edu/acprod/odb_etd/etd/
r/1501/10?clear=10&p10_accession_num=case1396615109 [Accessed Sept. 20, 2023].

[44] M. S. Cengiz and M. S. Mamiş, “Price-efficiency relationship for photovoltaic systems on a global basis,” 
International Journal of Photoenergy, vol. 2015, pp. 256101, 2015.

[45] Q. Guo and C. Kluse, “A framework of PV recycling facility location optimization,” Sustainable Production and 
Consumption, vol. 23, pp. 105-110, 2020.

[46] S. Zhou, Y. Wang, Y. Zhou, L. E. Clarke, and J. A. Edmonds, “Roles of wind and solar energy in China’s power 
sector: Implications of intermittency constraints,” Applied Energy, vol. 213, pp. 22-30, 2018.

[47] A. Pyrgou, A. Kylili, and P. A. Fokaides, “The future of the Feed-in Tariff (FiT) scheme in Europe: The case of 
photovoltaics,” Energy Policy, vol. 95, pp. 94-102, 2016.

[48] S. Comello and S. Reichelstein, “The US investment tax credit for solar energy: Alternatives to the anticipated 
2017 step-down,” Renewable and Sustainable Energy Reviews, vol. 55, pp. 591-602, 2016.

[49] R. Wiser, G. Barbose, and E. Holt, “Supporting solar power in renewables portfolio standards: Experience from the 
United States,” Energy Policy, vol. 39, no. 7, pp. 3894-3905, 2011.

[50] Q. Guo and H. Guo, “A framework for end-of-life PV distribution routing optimization,” Sustainable Environment 
Research, vol. 29, no. 1, pp. 1-8, 2019.

[51] Y. Wang, A. Gu, and A. Zhang, “Recent development of energy supply and demand in China, and energy sector 
prospects through 2030,” Energy Policy, vol. 39, no. 11, pp. 6745-6759, 2011.

[52] S. Kang, S. Yoo, J. Lee, B. Boo, and H. Ryu, “Experimental investigations for recycling of silicon and glass from 
waste photovoltaic modules,” Renewable Energy, vol. 47, pp. 152-159, 2012.

[53] R. R. Hernandez, S. B. Easter, M. L. Murphy-Mariscal, F. T. Maestre, M. Tavassoli, E. B. Allen, C.W. Barrows, 
J. Belnap, R. Ochoa-Hueso, S. Ravi, and M. F. Allen, “Environmental impacts of utility-scale solar energy,” 
Renewable and Sustainable Energy Reviews, vol. 29, pp. 766-779, 2014.

[54] Q. Guo and C. Kluse, “Development of the Photovoltaics Recycling Network,” Advanced Energy Conversion 
Materials, vol. 1, no. 1, pp. 25-29, 2020.

https://www.pvsyst.com/
https://sam.nrel.gov/
https://etd.ohiolink.edu/acprod/odb_etd/etd/r/1501/10?clear=10&p10_accession_num=case1396615109
https://etd.ohiolink.edu/acprod/odb_etd/etd/r/1501/10?clear=10&p10_accession_num=case1396615109

	_Hlk153830333
	_Hlk153908542
	_Hlk153908530
	_Hlk153826572
	_Hlk153826532
	_Hlk153828134
	_Hlk153825760
	_GoBack
	OLE_LINK7
	OLE_LINK2
	OLE_LINK4
	OLE_LINK3

