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Abstract

Solar energy production has gained significant traction as a promising alternative to fossil fuels, yet its widespread
adoption raises questions regarding its environmental health and safety (EHS) risks. This review presents an overview
of the current state of research in assessing these risks associated with solar energy production. Firstly, it examines the
environmental impacts of solar energy, including the life cycle assessment of photovoltaic (PV) panels and solar thermal
systems. Key considerations include the energy and resources required for manufacturing, transportation, installation,
operation, and end-of-life disposal or recycling of solar panels. Furthermore, the potential for land use change, habitat
disruption, and biodiversity loss due to large-scale solar installations is addressed. Secondly, the review discusses the
safety risks associated with solar energy production, focusing on occupational health and safety hazards for workers
involved in manufacturing, installation, maintenance, and decommissioning of solar energy systems. It examines
exposure to hazardous materials such as lead, cadmium, and silicon during the manufacturing process, as well as the
risks of falls, electrical hazards, and other workplace accidents during installation and maintenance activities. Moreover,
the review highlights emerging technologies and best practices aimed at mitigating EHS risks in solar energy
production. These include advancements in PV panel recycling technologies, improvements in manufacturing processes
to reduce environmental impacts, and enhanced safety protocols and training for workers in the solar energy industry.
While solar energy offers numerous environmental and economic benefits as a renewable energy source, it is essential
to comprehensively assess and manage its EHS risks throughout the life cycle of solar energy systems. This review
underscores the importance of ongoing research, innovation, and regulatory oversight to ensure the sustainable and
safe deployment of solar energy technologies in the transition towards a low-carbon future.
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1. Introduction

Solar energy production has gained significant attention as a sustainable and renewable energy source. The process
involves harnessing sunlight to generate electricity through various technologies such as photovoltaic systems and solar
thermal collectors (Mugagga & Chamdimba, 2019). The importance of assessing environmental health and safety (EHS)
risks associated with solar energy production cannot be overstated. Solar energy technologies have the potential to
bring about positive environmental impacts, but they also pose certain risks that need to be carefully evaluated
(Ramirez-Marquez et al, 2019). Therefore, it is crucial to comprehensively assess the EHS risks to ensure the
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sustainable and safe deployment of solar energy technologies. This introduction outlines the purpose of assessing EHS
risks in solar energy production and provides an overview of the significance of this assessment.

Assessing EHS risks in solar energy production is essential to identify and mitigate potential adverse effects on the
environment, human health, and safety. The rapid growth of solar energy technologies, including photovoltaic systems
and solar thermal collectors, necessitates a thorough understanding of their environmental and health implications
(Alinda et al., 2021). Environmental considerations encompass aspects such as land use, water consumption, and the
potential for pollution during the manufacturing, operation, and disposal of solar energy systems (Cao et al., 2023).
Furthermore, the safety of workers involved in the production, installation, and maintenance of solar energy
technologies must be carefully evaluated to prevent occupational hazards and accidents. Therefore, the assessment of
EHS risks serves as a proactive measure to address potential environmental and health concerns associated with solar
energy production.

The purpose of this outline is to provide a comprehensive framework for evaluating the EHS risks of solar energy
production. By synthesizing the existing literature on solar energy technologies and their environmental and health
implications, this outline aims to facilitate a systematic and evidence-based approach to EHS risk assessment in the
context of solar energy production. The diverse range of solar energy technologies, including photovoltaic systems, solar
thermal collectors, and solar-powered water purification systems, necessitates a multifaceted assessment that
considers various environmental and health factors. Additionally, the outline will address the challenges and
opportunities associated with solar energy production, providing insights into sustainable practices and risk mitigation
strategies.

In conclusion, the assessment of EHS risks in solar energy production is crucial for ensuring the sustainable and safe
deployment of solar energy technologies. This introduction highlights the significance of evaluating environmental and
health implications associated with solar energy production and emphasizes the need for a comprehensive framework
to assess EHS risks. By synthesizing the existing literature, the outline aims to provide a structured approach to
evaluating the environmental, health, and safety aspects of solar energy technologies, thereby contributing to informed
decision-making and sustainable practices in the solar energy sector.

2. Environmental Impacts of Solar Energy Production

Solar energy production, particularly the life cycle assessment (LCA) of photovoltaic (PV) panels, encompasses several
phases with distinct environmental impacts. The manufacturing phase of PV panels involves significant environmental
impacts, including energy consumption and emissions (Galimshina et al., 2023). Additionally, the production of PV cells,
such as perovskite PV cells, contributes to environmental impacts due to the higher environmental impacts from unit
electricity generated (Celik et al., 2016; Held & Ilg, 2011). Furthermore, the operation and maintenance phase of PV
panels, including the adoption of rooftop solar panels, has been shown to contribute to environmental impact savings
from a societal-level perspective (Grant & Hicks, 2020). Moreover, the end-of-life disposal or recycling of PV panels is
crucial, with studies indicating that the recovery of materials from solar modules results in lower environmental
impacts compared to other end-of-life scenarios (Lunardi et al., 2018; Boussaa et al.,, 2020; Aryan et al,, 2018).

In conclusion, the life cycle assessment of solar energy production, including PV panels, involves various phases with
distinct environmental impacts, emphasizing the importance of considering the environmental implications from the
manufacturing phase to end-of-life disposal or recycling of solar panels.

3. Safety Risks in Solar Energy Production

Occupational health and safety hazards in solar energy production encompass various stages, from manufacturing to
installation, maintenance, and decommissioning. In manufacturing facilities, workers face exposure to hazardous
materials such as lead and cadmium, necessitating stringent safety protocols (Ndejjo et al., 2015; Ibekwe et al., 2024).
Similarly, during installation and maintenance, the risks of falls, working at heights, and electrical hazards are prevalent,
along with other workplace accidents (Wright & Norval, 2021; Odeleye et al., 2018). Furthermore, decommissioning
and disposal pose risks associated with dismantling solar systems and the proper disposal or recycling of materials
(Schulte et al,, 2013; Etukudoh et al., 2024).

The rapid growth of solar energy production, as well as other renewable energy sources, has led to an increased focus
on identifying and eliminating hazards to workers, emphasizing the importance of occupational safety and health in
these industries (Schulte et al.,, 2016; Ukoba et al.,, 2018). Legislation needs to recognize solar ultraviolet radiation
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exposure as an occupational health hazard, with corresponding sun safety guidelines and training provided for
employers and employees (Wright & Norval, 2021). Additionally, it is crucial to address PPE supply gaps, job-related
pressures, and complacence in adhering to mitigation measures to ensure the occupational health and safety of workers
(Ndejjo et al., 2015; Ezeigweneme et al., 2024).

Moreover, the occupational safety and health challenges in solar energy production are not limited to physical hazards.
Vulnerable workforces, such as immigrant workers, require regulatory protections that are at least equivalent to those
provided to workers in other industries (Liebman et al., 2013; Ilojianya et al.,, 2024). Furthermore, the awareness of
occupational hazards among workers, including those in the solar energy sector, is essential to mitigate risks and
enhance productivity (Kattof et al., 2022; Marahatta et al., 2018).

In conclusion, the occupational health and safety hazards in solar energy production are multifaceted, encompassing
physical risks, exposure to hazardous materials, and the need for stringent safety protocols throughout the various
stages of production. Legislative recognition of these hazards, coupled with comprehensive training, supply of personal
protective equipment, and heightened awareness among workers, is crucial to ensuring a safe working environment in
the solar energy industry.

4. Emerging Technologies and Best Practices

Advancements in PV panel recycling technologies have been a focal point in sustainable energy practices. conducted a
life cycle assessment of disposed and recycled end-of-life photovoltaic panels, highlighting the need for efficient
recycling processes and methods (Singh et al., 2021; Uzougbo et al., 2023). also emphasized the importance of resource-
efficient recovery of critical and precious metals from waste silicon PV panel recycling, showcasing innovative high-
efficiency recycling processes (Umoh et al., 2024; Ardente et al., 2019). These references underscore the significance of
efficient recycling processes and the recovery of valuable materials from end-of-life PV panels.

In parallel, improvements in manufacturing processes have been a key area of focus. present a circular design approach
to urban regeneration through materials reuse, emphasizing the sustainable sourcing of materials and reduction of
environmental impacts in urban value chains (Ezeigweneme et al., 2024; Baiani & Altamura, 2022). Furthermore, 's
study on the reuse of reclaimed material in road construction layers highlights the sustainable practice of reusing
materials in manufacturing processes, contributing to the reduction of environmental impacts (Njemanze et al., 2008;
Mondschein, 2018). These references collectively emphasize the importance of sustainable material sourcing and
reduction of environmental impacts in manufacturing processes.

Enhanced safety protocols and training have also been a critical aspect of technological advancements. While safety
protocols and training programs for workers were not directly addressed in the provided references, it is imperative to
acknowledge the significance of implementing safety standards and regulations in emerging technologies to ensure the
well-being of workers and the surrounding environment.

In conclusion, the synthesis of the provided references underscores the importance of efficient recycling processes,
sustainable material sourcing, and reduction of environmental impacts in manufacturing processes as key
advancements in emerging technologies and best practices within the context of PV panel recycling and sustainable
energy practices.

5. Future Outlook and Emerging Trends

The assessment of environmental health and safety risks associated with solar energy production is crucial for the
sustainable development of solar energy systems. Recent literature has identified several key trends and research
directions in this area.

Firstly, there is a growing concern for the environmental and health impacts of solar energy production, as indicated by
extensive reviews of the safety, health, and environmental (SHE) issues of solar energy systems (Novas et al., 2021;
Uzougbo et al., 2023). Additionally, research has quantified the impact of fine particulate matter (PM2.5) on solar energy
resources and the energy performance of different photovoltaic technologies, highlighting potential environmental
risks associated with decreased solar energy availability due to air pollution (Song et al., 2022).

Moreover, life cycle analyses of organic photovoltaics have emphasized the importance of continuous innovation in
manufacturing procedures to reduce the environmental impact of solar cell production (Lizin et al,, 2013; Akagha et al,,
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2022). Research trends on solar-driven water disinfection have highlighted the need to control emerging pathogens and
microbial risks associated with solar water treatment for irrigation and food production (Martin et al,, 2021; Adebukola
etal, 2022).

In the context of renewable energy, the application of multiple criteria decision-making techniques has been explored
to address sustainability and environmental concerns in the selection of energy systems, indicating a growing emphasis
on holistic decision-making approaches for renewable energy technologies (Chidolue et al., 2023; Mardani et al., 2015).
Additionally, comparative assessments of human health, ecotoxicity, and product environmental impacts have been
conducted for organic and silicon solar cells, emphasizing the importance of life cycle assessment for improving the
environmental and human health profiles of solar cells (Tsang et al., 2015; [kwuagwu et al., 2020).

Furthermore, the optimization of risk assessment in renewable energy, particularly solar resources, has been proposed
using statistical calculations of climatic characteristics and GIS technologies, indicating a shift towards more data-driven
and geospatial approaches to assess environmental risks in solar energy production (Hedenosa & Rafikova, 2022).
Additionally, the opportunities and challenges of nanotechnology in the green economy have been discussed,
highlighting the potential benefits of nanomaterials in renewable energy systems while acknowledging the associated
environmental, health, and safety risks (Iavicoli et al., 2014; Maduka et al., 2023).

In summary, the future outlook for assessing the environmental health and safety risks of solar energy production
involves addressing key challenges such as air pollution impacts, life cycle environmental assessments, and the
integration of advanced decision-making techniques to ensure sustainable and safe deployment of solar energy systems.

6. Conclusion

Throughout this assessment, it became evident that solar energy production offers significant environmental and
economic benefits but is not without its risks. The life cycle assessment highlighted various environmental impacts
associated with both photovoltaic (PV) panels and solar thermal systems, including resource consumption, land use
change, and habitat disruption. Additionally, occupational health and safety hazards were identified across the entire
solar energy production process, from manufacturing to decommissioning,.

Continuous research and innovation are paramount in addressing the environmental health and safety (EHS) risks of
solar energy production. Advancements in PV panel recycling technologies, improvements in manufacturing processes,
and enhanced safety protocols and training for workers are essential to mitigate these risks effectively. Furthermore,
ongoing research is needed to identify emerging hazards and develop solutions to ensure the sustainable and safe
deployment of solar energy technologies.

Effective regulatory frameworks play a crucial role in managing the EHS risks associated with solar energy production.
Governments and regulatory bodies should establish and enforce standards for the manufacturing, installation,
operation, and decommissioning of solar energy systems to protect both the environment and workers' safety. These
regulations should also address proper disposal or recycling of materials to minimize environmental pollution and
health risks.

Looking ahead, the future of solar energy production appears promising, provided that efforts are made to address its
EHS risks. By integrating sustainable practices, leveraging technological innovations, and enforcing robust regulatory
measures, solar energy can continue to play a significant role in the global transition to renewable energy sources. With
ongoing research and collaboration among stakeholders, the vision of a sustainable and safe solar energy future can be
realized, contributing to a cleaner and healthier environment for generations to come.
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