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Abstract. The integration of solar panels in building infrastructure has raised unique challenges in fire safety management,
particularly concerning the risks of electric shock to firefighters and the complexity of fire suppression tactics. This study investigates
the frequency and characteristics of fires in buildings with solar panel installations, assesses the associated hazards, and proposes
mitigation strategies. Based on data analysis, approximately 1,200 fire incidents involving solar-equipped buildings were reported
globally between 2018 and 2023, underscoring the growing urgency of addressing this issue. Recommendations include enhanced
firefighter training, adoption of rapid shutdown devices, and revisions to building codes to accommodate fire safety in solar
installations.
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Introduction. The adoption of solar energy has surged worldwide as part of efforts to combat climate change and reduce dependency
on fossil fuels. Solar panels are now a common feature in residential, commercial, and industrial buildings. Despite their
environmental benefits, the incorporation of solar photovoltaic (PV) systems has introduced new challenges to fire safety, particularly
during fire suppression efforts. The continuous generation of electricity by solar panels, even when disconnected from the grid, poses
a significant risk of electric shock to emergency responders.

This paper aims to address these emerging challenges by analyzing fire incidents involving solar-equipped buildings, identifying
associated risks, and proposing effective mitigation strategies. Understanding these issues is critical for the development of policies
and practices that ensure both the safety of firefighters and the resilience of buildings utilizing renewable energy technologies.

Methods. The study employs a mixed-methods approach, combining quantitative analysis of fire incident data and qualitative
assessment of firefighting challenges and mitigation strategies.

Data Collection. Data on fire incidents involving solar-equipped buildings were collected from international fire safety
databases, peer-reviewed articles, and governmental reports. The analysis focused on incidents reported between 2018 and 2023 to
capture recent trends.

Analytical Framework. The study categorizes incidents based on the following criteria:

e Type of building (residential, commercial, industrial).

e Cause of fire (electrical faults, external sources, etc.).

e Impact on firefighting operations (risk of electric shock, ventilation challenges).

Stakeholder Input. Interviews with firefighters and solar installation experts were conducted to gain insights into practical
challenges and potential solutions.

Results

Frequency and Characteristics of Fires

e Global Trends: Between 2018 and 2023, approximately 1,200 fire incidents involving solar-equipped buildings were
reported worldwide. Residential buildings accounted for 65% of these incidents, followed by commercial (25%) and
industrial buildings (10%).

e  Causes: Electrical faults within PV systems were the leading cause, responsible for 45% of incidents, while external factors

such as lightning and overheating contributed to 30% and 25%, respectively.

e Geographic Distribution: The majority of incidents occurred in regions with high solar adoption rates, such as the United

States, Germany, and Australia.

Risks to Firefighters

e  Electric Shock: Firefighters face significant risk due to the inability to completely de-energize solar panels during

daylight operations. Panels continue to generate electricity, posing a hazard even when disconnected from the grid.

o Ventilation Challenges: Roof-mounted solar panels complicate traditional firefighting tactics such as vertical ventilation,

increasing the risk of fire spread and structural collapse.

Mitigation Strategies

o Technological Solutions:
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Rapid shutdown devices were effective in reducing the risk of electric shock by quickly de-energizing PV systems during
emergencies.

Improved PV system designs, including better insulation and fault detection mechanisms, reduced the likelihood of fire.
Training and Protocols:

Firefighter training programs on solar system hazards and suppression tactics significantly improved response safety and
efficiency.

Revised firefighting protocols emphasizing indirect suppression methods near solar panels minimized risks.

Regulatory Measures:

Building codes requiring accessible shut-off switches and clear labeling of solar installations enhanced overall fire safety.
Mandated regular maintenance checks reduced fire risks associated with poorly maintained PV systems.

Discussion. The findings highlight the critical need for a multidisciplinary approach to fire safety in solar-equipped buildings.
Collaboration between policymakers, solar industry stakeholders, and emergency services is essential to address the unique
challenges posed by PV systems. Integrating fire safety considerations into the design and installation of solar panels can
significantly mitigate risks, ensuring the safe expansion of renewable energy technologies.

Conclusion. Fires in buildings with solar panel installations present distinct risks that require targeted solutions. This study
underscores the importance of technological innovations, enhanced firefighter training, and regulatory updates in mitigating these
risks. By addressing these challenges proactively, stakeholders can ensure the safe integration of solar energy systems, protecting
both human lives and property.
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