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Abstract: The main long-term goal of international communities is to achieve sustainable 

development. This issue is currently highly topical in most European Union (EU) countries due 

to the ongoing energy crisis. Building Integrated Photovoltaics (BIPV), which can be integrated 

into the building surface (roof or facade), thereby replacing conventional building materials, 

contributes significantly to achieving zero net energy buildings. However, fire safety is 

important when using BIPV as a structural system in buildings, and it is essential that the 

application of BIPV as building facades and roofs does not adversely affect the safety of the 

buildings, their occupants, or the responding firefighters. As multifunctional products, BIPV 

modules must meet fire safety requirements in the field of electrical engineering as well as in 

the construction industry. In terms of building regulations, the fire safety requirements of the 

BIPV must comply with national building regulations. Within this article, aspects and fire 

hazards associated with BIPV system installations will be defined, including proposals for 

installation and material requirements that can help meet fire safety. 
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1. Introduction 

Electrical energy can easily be converted into kinetic energy, heat energy, light 

energy and transmitted over long distances. Modern human society is increasingly 

dependent on electricity, and any major outage can lead to damage that can have an 

impact on the very functioning of the state (Karda and Kavan, 2023; Kavan et al., 

2021). In view of this, there is an increasing use of renewable sources to produce 

electricity. In the case of solar energy, in the first two decades of the current 

millennium alone, there has been an exponential increase in the global energy capacity 

produced by photovoltaic (PV) installations from a capacity of 0.54 GW in 2000 to 

1185 GW at the end of 2022 (Masson, 2023). PV systems are available in all sizes, 

from a single PV cell mounted on the wall of a power bank, to domestic and 

commercial installations on buildings, to ground installations of nearly 1 GW, such as 

the Longyangxia Dam Solar Park in China (Voiland, 2017). The increased number of 

photovoltaic systems is associated with a continuous reduction in the cost of 

photovoltaic modules and thus the cost of energy, which makes them attractive to 

commercial and family property owners (Kristensen et al., 2022). 

The requirements for sustainability in the construction and operation of buildings 

are defined by the “Europe 2030 Strategy.” One of the main objectives of the EU 

investment strategy is to address climate change by reducing greenhouse gas emissions 

and fossil fuel consumption, and to provide reliable, sustainable, modern and 

affordable energy sources for the operation of buildings so that to achieve carbon 

neutrality by 2050. In line with this strategy and the Renewable Energy Directive 

(RED), the target is to cover 32% of energy consumption from renewable sources 

(European Parliament, 2018). 
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Comparing statistical data from the Institute for energy research shows annual 

global energy consumption is on an upward trajectory, increasing by approximately 

8–10% and projected to increase by 40% by 2040, as shown in Figure 1. Primarily, 

this increase is due to economic development in developed countries, which expect a 

substantial increase in global energy demand by 2040. Thus, renewable energy can be 

expected to supply 14% of primary energy by 2040, as shown in Figure 1. (IER, 2018). 

 

Figure 1. World energy consumption (IER, 2018). 

These requirements can only be met by the active use of such technologies in 

buildings that would obtain energy primarily from renewable sources and then be able 

to transform it for operational needs. Solar energy is the most available source that can 

provide energy for optimizing the thermal microclimate and operational technical 

equipment of buildings during their construction in temperate climate conditions. 

Solar radiation is the unlimited and most available source of renewable energy. If the 

potential of its use from the radiating surfaces of buildings with built-in PV modules 

is increased, there will be significant independence from non-renewable energy 

sources and a reduction of the environmental burden (Iringova, 2022). 

Unlike conventional building-adapted photovoltaic systems (Building Applied 

Photovoltaics—BAPV), BIPV systems are used as integrated building elements. The 

electricity-generating modules are both a functional unit of the finished building and 

a structural element of the building envelope, as they replace conventional materials. 

This approach defines the BIPV as an architecturally relevant component, as an active 

energy-producing unit that also adds aesthetic value to the entire structure. This applies 

to both new buildings and renovations, as many architecturally attractive post-

industrial, but also traditional pre-war and post-war apartment buildings are 

undergoing modernization (Heinstein et al., 2013). 

In addition to energy harvesting, integrated PV modules are suitable for 

contributing to buildings’ internal comfort. It serves as weather protection, shading 

modulation, noise protection, thermal insulation, etc. Since choosing this route 

replaces entire parts of the building envelope, there are savings in building material 

costs. PV modules are now able to replace the covering of the entire roof and supply 

electricity at the same time, this also applies to the elements used in the façade of the 

building. After the initial expenditure of planning and financing costs, the 

multifunctionality of BIPV thus has a favorable effect on the total costs of the 
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construction project and on the amortization of the PV system itself (Prume and 

Viehweg, 2015). However, it should be noted that PV installations cause an increased 

probability of ignition (Kristensen et al., 2022; Prume and Vieweg, 2015) and the 

physical presence of PV modules changes the fire dynamics of the existing roof 

structure (Ju et al., 2019; Kristensen et al., 2018; Kristensen et al., 2020). 

For example, the flame spread caused by PV panels on the roof is related to the 

height of the gap, the slope and the insulation material (Kristensen et al., 2022). 

Moreover, PV panels have been shown to be flammable structures causing fires in 

buildings (Iringova, 2022). It is essential to ensure that the use of combustible BIPV 

on facades or external walls and roofs ensures the fire safety of building occupants, 

facilitates extinguishing and prevents the spread of fire to neighboring properties. 

Photovoltaic power plant (PVP) components can affect the spread of fire outside the 

building, interfere with the ventilation of smoke and other combustion products, 

impede firefighting operations, and introduce new electrical shock hazards to 

firefighters (El-Sherrif, 2017). 

To mitigate the danger of fire in buildings, fire codes and standards provide 

guidance on the management of fire prevention measures for minimal loss of life and 

property damage. Depending on the function of the building, fire codes and standards 

prescribe appropriate design strategies and assessment approaches (Kodur et al., 2020). 

Since BIPV is a new technology developed in recent years that has a potential fire 

hazard, there is yet no clear direction on the standardized fire hazard assessment of 

BIPV worldwide (Yang et al., 2023). 

In general, statistics on PV plant-related fires are sporadic, but an analysis that 

was published by Mohd Nizam Ong et al. (2022) estimated the annual fire frequency 

to be 28.9 fires per 1 GW of capacity. A 2013 German survey identified a total of 430 

fires related to PV systems (Prume and Viwheg, 2015). In 2019, J.F. Weaver reported 

in PV Magazine that the number of fires related to PV systems in Arizona alone has 

gradually increased from 25 in 2015 to 56 in 2018 (Weaver, 2019). Mohd Nizam Ong 

et al. also found in their analysis that fire safety was often included in the installation 

instructions covering the electrical part of the technology, while fire safety related to 

the interaction with the building itself was rarely mentioned in the design (Mohd et al., 

2022). With an expected lifetime of PV systems of 25 to 40 years, understanding the 

long-term fire risk of PV systems is considered essential to ensure sustainable 

development of the technology (Kristensen et al., 2020).  

Based on the above, it is possible to state that there is currently no unified 

approach to solving fire safety or it is being neglected. Although the standards for 

photovoltaic systems in various countries directly or indirectly refer to the standards 

IEC 61215, IEC 61730 and UL 1703, it is not entirely clear how current products meet 

regional standards for photovoltaic systems and/or building standards, yet enter the 

local market in a given country, which can result in adoption complexities and 

knowledge gaps. In order to form an opinion on this issue, this document compares 

regulations and standards in different countries. 

The integration of PV into buildings requires a thorough performance assessment 

in accordance with building regulations and standards. A review of national and 

international fire safety requirements that apply to PV installations will allow the PV 

industry and installation companies to better understand the performance of solar 
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building envelopes under fire conditions and identify related fire tests. The findings 

will add to our current knowledge and reduce BIPV fire safety hazards and impacts by 

facilitating the development of design and construction standards. 

2. Methodology 

A targeted review of the literature was used as part of this work. The selection of 

literature, accepted theories and concepts was carried out for basic work with a specific 

focus on the existing problem of BIPV installations. Case studies were used to identify 

deficiencies associated with fires. Peer-reviewed articles, research reports, reports 

from the media and online information sources were used for a targeted review of the 

literature. 

From the analysis of the professional literature presented above, the growth of 

electricity consumption and the demands for their acquisition, it follows that the use 

of BIPV installations will grow in importance. An important operational and safety 

issue of BIPV is the solution to fire safety, therefore the research focused on the risks 

associated with installation in individual building elements. Based on these facts, the 

aim of this article is to present individual aspects related to fire in the context of 

installed BIPV systems and to summarize the requirements for ensuring fire safety in 

terms of installation and material composition. 

3. Results and discussion 

The trend of converting buildings from energy users to energy producers is not 

something that has just emerged. In 1986, the Swiss engineer Markus Real was the 

first to take the initiative and invited 333 homeowners in Zurich to install photovoltaic 

panels on their roofs, thus giving birth to the idea of using PV for decentralized energy 

generation. Already in 1990, the first buildings with BIPV installation began to be 

built worldwide. The public service building in Aachen (Stadtwerke Aachen) can 

serve as one of the first examples among many others (Heinstein et al., 2013). 

Among the first publications related to BIPV was the work published in 1993 by 

the Swiss authors Humm and Toggweiler (Humm and Toggweiler, 1993). 

Programmatically, it carried the integration of solar cells into building envelopes in its 

name, and for a long time represented one of the few sources within Europe. It was 

there that the first implementations of BIPV were presented, which for reasons dictated 

by time were mostly limited to the integration of standard modules based on silicon 

(Si) wafers. In 1997, task 7 of the PV Power System program of the International 

Energy Agency (IEA) was launched. Its goal was to increase the architectural and 

technical quality and economic viability of photovoltaic systems. This international 

cooperation program was conceived to link the development of photovoltaics in 

Europe, the USA, Japan and Australia (Heinstein et al., 2013). In 2000, a paper on the 

management of BIPV was published in the USA. Using the example of 16 successfully 

implemented construction projects from around the world, a number of different 

possible applications and systems integrated into the building from a technical and 

aesthetic point of view were described and discussed in detail (Eiffert and Kiss, 2000). 

In the Anglo-American sphere, this work served for some time as a compendium 

for other approaches to the topic and stimulated the implementation of many new 
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BIPV projects. In Germany, the publication “Solararchitektur für Europa” (Schneider, 

1996) brought further initiatives, followed by important works on the architectural 

processing of solar cells (Rexroth, 2001). All over the world, projects have been 

successfully implemented that have been featured in a large number of publications 

and improved technologies and systems have been introduced. Several publications 

have focused on specific categories of buildings, such as residential buildings and 

commercial buildings. Research has also been conducted on individual structural 

elements such as facades and different types of roofs, while others have explicitly 

investigated the multifunctional aspect of PV systems (Heinstein et al., 2013). 

3.1. Installation options 

Advancements in photovoltaic technology are paving the way for more cost-

effective BIPV. The growing interest in this form of solar panel installation stems from 

the large volume of existing buildings that could benefit from the easy installation of 

BIPV. The solar cell glazing design is praised for its potential in solar shading, daylight 

transmission and increased electricity generation. However, the implementation of 

BIPV in residential buildings remains less common due to the limited scope of roof 

retrofits, so BAPV tends to be the more common choice (Biyik et al., 2017; Kumar et 

al., 2019). 

A favorable climate makes PV installations a viable business, although 

demographic constraints present challenges in making significant advancements in 

production and market expansion. Figure 2 shows the market share for BIPV, BAPV 

and open rack-mounted photovoltaic (ORMPV) in selected European PV markets, 

namely Italy, Germany, France, and Spain. France in particular led the BIPV market 

share with around 60%, followed by Italy, Spain and Germany with 30%, 2% and 1% 

respectively. Finally, the BAPV market was dominated by Germany with an 82% 

share, followed by Italy, Spain, and France. Finally, Spain led the ORMPV market 

with a 75% share, followed by Italy, France and Germany (Constantinou et al., 2023). 

 

Figure 2. Market share for four European PV markets. 

BIPV systems are the optimal solution for new buildings. The PV panels are 

incorporated into the building envelope and external additional structures. Their 

effective area is usually larger than that of BAPV systems. They are often used in all-

glazed facades oriented to the south, southeast or southwest in urban areas (meant in 
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the northern hemisphere) with a low degree of external shading by surrounding 

buildings (Iringova, 2022). 

They can be built into the shading slats of sunshades, balcony railings, awnings 

and the like. It is possible to apply them to large skylights and atrium glazed roofs or 

to replace the classic covering of pitched roofs. If BIPV systems are applied in general 

renovation of the building envelope, it is possible to achieve the energy efficiency of 

a building with zero energy consumption (Sorgato et al., 2018; Gholami, 2019). 

PV systems can also be implemented as photovoltaic thermal systems with active 

or passive ventilation behind the panels and subsequent redirection of hot air into the 

heating system. PV modules are cooled by air or water (Gholami et al., 2015; 

Mohammadi et al., 2016), so the production of electricity and heat in the building is 

more efficient (Ihrahmi et al., 2014; Tripathy et al., 2017). For example, a BIPV 

ventilated in the air gap of a double skin facade or roof typically has the PV system 

installed in front of the building’s inner skin. The backside of the BIPV is naturally 

ventilated and cooled by fresh summer air, increasing the efficiency of electricity 

production. If the BIPV uses this extracted hot air for heating, it goes into a new 

configuration called a building-integrated photovoltaic thermal system. The 

application of BIPV is not limited to the building; it can also be used in vehicles such 

as ships, cars or airplanes, contributing to their optimal performance in terms of energy 

consumption (Iringova, 2022). 

3.1.1. Roof systems 

Rooftops are so far considered the ideal field for BIPV applications, as sloping 

roofs with a certain angle provide the best energy utilization. Standard roof systems 

are among the most common BIPV installations, in which case the PV modules simply 

replace the roof covering. The well-integrated system is embedded into the 

surrounding roof tiles with a frameless modular construction. Watertightness must be 

guaranteed, for example, by means of a specific construction of vertical rails, a 

horizontal covering of the module and an impermeable intermediate layer underneath. 

An alternative solution is frame modules. However, architects perceive them as less 

attractive because the frame is considered as another visible material. In addition to 

rooftop installations that only cover part of the roof, full roof coverage of PV modules 

is considered a more economical and elegant alternative (Heinstein et al., 2013). 

A new trend is the installation of semi-transparent photovoltaic systems, the 

advantage of which is the transference of natural daylight into buildings. In addition, 

their innate ability to modulate the penetration of light and heat increases the quality 

of the indoor environment and potentially reduces dependence on artificial air 

conditioning systems. (Stephanos et al., 2023). Roof covering and skylights have been 

proposed as the most promising integration elements in Australia given the serious fire 

safety issues of BIPV facades (Wijeratne et al., 2022). 

3.1.2. Facades 

The second main area of use for BIPV is facades, where solar panels of all 

technologies can be integrated as a conventional cladding system for exterior walls 

and single-layer facades. By combining BIPV and thermal insulation, versatile 

applications emerge that can provide an ideal representation of how BIPV needs to 

interface with traditional building practice. PV facades require complex planning and 
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compliance with many physical properties. However, many of these requirements are 

also enabled by multifunctional design (Heinstein et al., 2013). 

Within the facade, it is also possible to integrate photovoltaic materials into the 

glazing. The results of the He et al. (2011) study showed that a window with 

photovoltaic material based on amorphous silicon can reduce internal radiant heat 

gains by 46.5% in summer. In addition, this double-glazed window can reduce the 

temperature of the inner surface of the glass. Wang et al. (2021) found that windows 

with cadmium-tellurium-based material can improve heat transfer in winter and 

summer and reduce building energy consumption. Based on the studies mentioned, 

there is a trade-off between PV windows in terms of PV coverage (energy production 

capacity), daylight transference and heat gains. Larger solar generation capacity 

typically results in smaller visible light transference and lower solar thermal gain. At 

the same time, a more pronounced PV coverage also affects the view of the residents 

of the interior spaces. It can be stated that for PV cells made of different materials, 

there are changes in the spectral distribution of solar energy through the PV window 

(Aste et al., 2018), which needs to be evaluated. 

3.2. Fire safety aspects 

Since BIPVs meet the requirements of PV modules, the same concern of fire 

hazard arises because the fire behavior of BIPV modules is influenced by the electrical 

activities of PV modules (Yang et al., 2023). Photovoltaic systems raise many issues 

for firefighter safety, such as extinguishing live equipment alone, tripping hazards, and 

limited walking spaces on roof structures, to name but a few (Namikawa, 2017). 

Sometimes fires are not initiated by PV panels but start in buildings. It is crucial for 

the PV industry and fire departments to understand how a PV system affects fire spread 

and how best to extinguish these fires (Dhere and Shiradkar, 2012). 

EU countries use their national guidelines for designers and firefighters. The 

principles for placing a PV system on the roof are based on the document “Operation 

of photovoltaics and firefighters: Best practice in selected countries”. Photovoltaic 

systems, VdS 3145: 2017-11 (02). This regulation is valid in the EU (Namikawa, 

2017). The international standards IEC 61215 and IEC 61730 are standards for PV 

systems used in almost all countries, except for the USA and Canada, where the UL 

1703 standard is adopted. If a PV module has been certified according to IEC 61215, 

this standard represents the module’s quality of use and compliance with electrical 

requirements. IEC 61215 is intended to apply to all ground modules with flat plates, 

such as crystalline silicon and thin film modules. IEC 61730 is intended to ensure that 

PV modules provide electrical and mechanical operational safety throughout their 

expected lifetime. IEC 61730 specifies basic design requirements for PV modules to 

ensure safe electrical and mechanical operation. The UL 1703 standard for flat panel 

photovoltaic modules and panels is also an industry standard for basic safety and 

performance (Yang et al., 2023). 

Current research on PV systems is divided into two groups, the first group 

considers PV modules as a fire load (Despinasse and Kruger, 2015; Yang et al., 2015), 

the second group does not (Ju et al., 2019; Kristensen et al., 2018; Kristensen et al., 
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2020), therefore it is necessary to understand whether, for example, PV panels affect 

flame propagation. 

Fire hazard 

Fire hazards can occur at all stages such as installation, operation, maintenance 

including repair and replacement. It should also be noted that a burning BIPV product 

can affect the fire resistance and fire response of other building elements around it. 

Due to the flammability of BIPV modules, potential fire hazards of BIPV systems can 

be identified as ignition due to hot spots, arcing or faulty installation. Furthermore, it 

concerns the spread of fire, risks for people in the building and for firefighters during 

an intervention (Yang et al., 2023). 

Ignition is considered the primary BIPV fire hazard that can occur during the 

installation, operation, and maintenance process (Aram et al., 2021). The ignition of 

the PV panel itself has the impact of damaging the entire BIPV module, which means 

that it is likely to lead to the fire of other parts of the BIPV modules (Mazziotti et al., 

2016). From another point of view, BIPV modules can also catch fire when exposed 

to a building fire, and a PV panel could catch fire due to radiant heat if the total heat 

received exceeds the critical heat flux (Kristensen et al., 2018). PV modules can be 

ignited when heat fluxes are higher than 26 kW/m2 (Yang et al., 2015). The potential 

fire hazard of ignition is likely to result from defects in the BIPV modules and 

electrical faults. Hot spots, arcs, and short circuits due to poor connection are the main 

reasons for ignition of BIPV modules (Despinasse and Kruger, 2015). 

Photovoltaic cells have been found to experience hot spots due to various defects, 

including partial shading, material defects, manufacturing errors, and degradation over 

time (Yang et al., 2023). For these reasons, partial shading is a specific fault condition 

that causes localized hot spots. When a cell or group of cells is reverse biased, it 

dissipates energy rather than transmitting it, resulting in excessively high temperatures. 

The resulting short-circuit current is lower than that of other cells in the series chain, 

which results in an abnormal increase in temperature on the surface of the damaged 

cell and the formation of a hot spot (Dhmish et al., 2018). 

Sparking can be considered as another typical cause of ignition (Guan et al., 

2019). The reason for this phenomenon may be due to malfunctions or incorrect 

installation. Improper installation of modules can generate enough thermal energy to 

trigger an arcing short circuit, which can then cause a fire (Chen et al., 2019). In 

addition, a poor connection that is not tight and has low resistance is one of the main 

reasons for overheating, which probably triggers the high temperature of electrical 

components (Yang et al., 2023). 

It takes less than 0.1 s to ignite the polymer back layer and the polymer materials 

in the region adjacent to the diode and junction box (Bower et al., 2012). In addition, 

the accumulation of impurities (e.g., oxide) on electrical contacts can cause resistive 

heating, resulting in breakdown of materials and subsequent arcing (Gholami et al., 

2015). 

Another potential hazard of BIPV is the spread of fire because BIPV modules 

contain flammable materials (Yin et al., 2018). Polyethylene-co-vinyl acetate (EVA) 

and polyvinyl butyral (PVB) are the main materials used as BIPV encapsulants. Both 

EVA and PVB are flammable. According to Glass for Europe (Glass for Europe, 2015), 
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the calorific value of PVB and EVA is 30 MJ/kg and 40 MJ/kg. The spread of fire and 

smoke from BIPV modules can affect the fire safety of the whole building (Aram et 

al., 2021) because BIPV modules can facilitate the rapid spread of fire from the 

ignition point to other parts of the building. According to recent research, both the type 

of installation and the location of BIPV modules affect the spread of fire. Fire can 

spread in four ways, up through the facade (e.g. cavities, chimney effect) or by other 

paths, down through the facade or burning debris, to other floors and to neighboring 

buildings, typically by radiation (Yang et al., 2023). 

Compared to roof mounting, BIPV modules installed on vertical facades are 

considered to be a greater fire hazard (Ju et al., 2017). According to the results of 

burning tests of PV panels, the behavior of BIPV is determined by the back sides of 

the panels (Despinasse and Kruger, 2015). 

There is a high probability of ignition of a BIPV panel when exposed to a heat 

flux above 35 kW/m2. In addition, if there is a vertical cavity between the BIPV 

modules and other external wall components, the modules can spread flames and 

smoke to the upper parts of the facade through this cavity and subsequently to other 

parts of the building, such as interior spaces and roofs (Yang et al., 2023). When a fire 

breaks out on PV or BIPV panels installed on a roof, the spread of fire along the roof 

can be accelerated in windy conditions. When ignited, the burning PV product may 

drip onto the roof surface or onto another flammable PV panel below and cause a 

secondary fire (Kristensen et al., 2020). PV systems are able to produce energy with a 

voltage in the range of 600 to 1500 V. Even at low current, this high range of DC 

voltage is dangerous for firefighters (Nair, 2018). 

Also, batteries cannot be neglected. Although they are not a mandatory part of 

the system for BIPV projects, they still represent a critical issue as a fire hazard (Kim 

et al., 2019).  

Three factors may be relevant in relation to the safety of people in the building, 

namely the impact on evacuation, falling parts of PV panels and toxic gas emissions. 

In relation to firefighter safety, the main potential fire hazard during firefighting 

operations is electrical shock (Yang et al., 2015). 

4. Discussion 

Hot spots, arcs and bad connections that cause short circuits can be considered as 

the main causes of PV or BIPV module ignition (Glass for Europe, 2018). 

Roof slope, wind load and increased fire load caused by the PV infrastructure 

(i.e., cables, connectors, mounting system, junction boxes and inverters) are some of 

the variables that can affect the dynamic fire scenario. Wind load and roof pitch are 

considered parameters that can be difficult to adjust. At high wind speeds, the 

concentration of flammable pyrolysis gasses may be diluted to such an extent that 

ignition is not possible. However, when a fire occurs, the deflection of flames under 

the modules is assumed to recombine into concurrent flame propagation regardless of 

wind direction. It is also generally accepted that an essential part of all roof 

constructions is a slope to ensure drainage of water from the surface. For flat roof 

constructions, the minimum allowable drop is 1:40 (1:80 for a finished roof). Similar 

to wind direction, roof pitch can affect initial flame spread, but once ignited the effect 
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is believed to be negligible compared to the consequences of a deflected flame. The 

cables, connectors and mounting system are known to present an increased fire load 

on the roof. However, these components are relatively localized and do not cover the 

entire roof (Allianz Global Corporate & Specialty, 2014; Kristensen et al., 2020). 

Materials under the roof membrane are also interesting for the spread of fire for 

two reasons. First, because of the thermal properties of the insulating materials, which 

vary depending on the product and temperature. Heat transfer between the lower 

surface of the roof membrane and the upper surface of the underlying material can 

affect the heating of the roof membrane. Second, many systems are retrofitted to 

existing buildings where the roof may not be suitable due to the insulation material. 

The worst option in this case is a roof insulated only with polystyrene foam. Such a 

structure will require a layer that mitigates the effects of fire to prevent serious 

consequences (Kristensen et al., 2022). 

In experiments conducted by Kristensen et al. (2022), burning droplets from the 

bottom end of a tilted PV module were observed. As a result of this continuous 

dripping, the burning continued. Dripping was observed at the edge of the area where 

the back foil of the PV panel was burnt. Based on this observation, some PV modules 

can be considered as a fire load as well as an ignition source because the droplets can 

also ignite other components. Which can be significant when installing BIPV systems 

on steep slopes, where dripping can increase the speed of flame propagation 

downwards, igniting a larger area (Kristensen et al., 2022). 

In experiments conducted by Kristensen et al. (2022) also found that the geometry 

itself made a significant difference in the flame propagation behavior, as the 

aluminium frame of the PV module blocked the flow of flue gasses, which then formed 

a layer of hot smoke. The layer of hot smoke had several effects on flame spread. First, 

it increased the length of the flame spread because the enclosed smoke intensified the 

preheating. Second, it reduced the flame propagation speed because the smoke layer 

reduced the effective height of the gap and thereby increased the velocity of the 

surrounding air (Kristensen et al., 2022). 

Photovoltaic modules were also measured in the TÜV Rheinland laboratories, 

where their response to fire and the rate of heat release during a fire were determined. 

An internal fire test revealed more damage to the polycrystalline module due to longer 

and more intense burning of the plastic film on its backside. Damage to the glass was 

not detected due to the absence of breakage and burning during the test. On the other 

hand, an external fire test found burnout after 7 minutes. The damaged area is 

significantly smaller in an internal fire than in an external fire. According to TÜV 

Rheinland, the behavior of the modules during laboratory tests depends on the 

configuration and performance of the burner (Prume and Viehweg, 2018). 

Furthermore, Kristensen et al. (2022) found that the polymer-based backsheet 

membrane was burned only at the point of direct flame impact, while the remainder of 

the backsheet was soiled but intact. Since spontaneous flame propagation does not 

occur on the PV module, it can be debated whether the PV module itself should be 

considered as a fire load or rather as an agent of flame propagation (Kristensen et al., 

2022) 

Based on the findings, it is possible to state that the introduction of a photovoltaic 

system applied in a building can have more serious consequences in the event of an 
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initial fire on the roof. Based on this, Kristens et al. (2022) proposes to develop a new 

test method that takes into account the variation in re-emission from a deviated flame. 

Until then, stakeholders, including property owners and the fire and rescue service, 

should reassess their fire response, as flame spread to the building envelope is highly 

likely (Kristensen et al., 2022). 

Fire safety requirements 

PV panels should not be placed in a fire-hazardous area, i.e., near the windows 

of the building on which they are installed or near the windows of surrounding 

buildings so that they cannot cause a fire in the event of their ignition and heat radiation. 

All envelope structures of buildings with built-in PV systems should meet the required 

fire resistance and specified limit states. Both the roof and the wall with PV systems 

should meet the required fire resistance and REI limits (criteria that define the fire 

resistance of materials). If the PV modules are placed only on part of the roof, the 

other part should meet the required fire resistance within the limits of (R) EW 

(Iringova, 2022). 

If the PV modules are installed in a sloping roof or perimeter wall, the size of the 

air gap between the PV panel and the building surface and their slope are decisive 

from the point of view of the spread of fire along the surface. The narrower the air gap, 

the faster the surface temperature rises. If the size of the air gap between the PV panels 

and the building structure increases, the fire will spread faster. In order to prevent the 

uncontrolled spread of fire on the surface of the building, the building envelope with 

PV panels should comply with BROOF (t3) (Iringova, 2022). BROOF is a 

classification designation determining the external fire behavior factor for roofs 

The requirements for the surface treatment of roofs and perimeter walls with PV 

panels in terms of reaction to fire are defined by the fire spread index (Makovicka 

Osvaldova and Gaspercova, 2015). If the roof has a full-surface installation of PV 

modules, it should have a non-flammable covering. Thermal insulation in the 

ventilated roof air gap should also be non-combustible (Iringova, 2022). While the 

definition of a non-combustible material is directly related to whether a particular 

material can be used in building systems, the requirements for the properties of a non-

combustible material are determined based on various factors such as temperature rise, 

burning, debris and smoke (Yang et al., 2023). 

As an example, fire safety regulations in Switzerland require external walls to be 

fire-resistant for all residential buildings and buildings taller than 30 m, while low- 

and medium-rise buildings for other building classifications allow the use of 

combustible materials (Bonomo et al., 2023). 

Demarcation of the fire hazard area around the building has a fundamental effect 

on the fire safety of the surrounding buildings as well as on the technical equipment 

and construction of the given building. It is important that this area corresponds as 

closely as possible to the actual situation. From the point of view of operation and 

impact on building structures, they are a relatively safe technology that fundamentally 

does not impair the fire safety of the building. It is worse in the case of a fire in relation 

to a fire intervention, where there is a high risk of damage to the health of the 

responding firefighters, as the technologies are still under voltage. From this point of 
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view, it is necessary to take into account the safety of operator movement and fire 

intervention when designing the building, if the installation of PV panels on its 

envelope is considered. Therefore, the building envelope should be accessible to 

firefighters so that they can intervene. It is also necessary to take into account the 

necessity of movement of firefighters between PV modules during roof installations. 

If PV modules are installed on a pitched roof, fire access should be incorporated into 

the building design (Iringova, 2022). 

In relation to BIPV fire hazards, fire spread is one of the main fire hazards. There 

are gaps in appropriate fire prevention and protection measures. As an example, 

sprinkler systems are installed in selected buildings as a measure to mitigate the spread 

of fire but cannot stop BIPV modules from producing energy. When a fire spreads to 

several floors at the same time, the installation of hydrants can also affect the initial 

intervention, however, people in the building must be able to operate this equipment 

during a fire. In the same way, BIPV modules that are applied to the facades of high-

rise buildings and the vertical spread of fire can limit firefighting from the outside. 

Therefore, in the context of the mentioned aspects, it is necessary to consider 

appropriate design and technical measures to mitigate the spread of fire from one fire 

section to another fire section (Yang et al., 2023). 

Another factor that affects fire safety is the so-called hot spots, which arise, for 

example, as a result of partial shading. This problem occurs with PV panels connected 

in series. When one of the PV panels is shielded, it becomes a resistance in the circuit 

and the voltage drop across the shielded cell can produce a huge amount of heat. For 

this reason, active bypass diodes based on bipolar transistors were developed as a 

precaution (Ziang et al., 2014). Another practical mitigation measure is the use of 

module-level power optimizers, which are located on the back of each solar panel 

(Yang et al., 2023). 

5. Conclusion 

BIPV systems have a dual purpose as building surface material and energy 

generator. Although the BIPV industry has developed rapidly in recent years, the fire 

risk of BIPV applications has been described in several professional publications but 

is not resolved. The main causes and mechanisms of BIPV fire hazards and impacts 

are identified as ignition, fire spread and hazards to building occupants and firefighters 

in the event of an intervention. 

In the framework of this article, the intention was to approach the issue of fire 

safety of BIPV systems, including a warning about the possibility of using 

international standards such as IEC 61215 and IEC 61730. These standards are used 

in most countries around the world, with the exception of the USA and Canada, which 

follow the UL1703 standard. Although international standards are applicable for BIPV 

modules, the fire safety requirements of BIPV must always comply with national 

building regulations. 

Although studies and research from different countries of the world are presented 

in this article, the fire hazard of BIPV modules remains, and gaps are visible not only 

in the mitigation of electrical failure hazards, but also in fire resistance as building 

elements, including measures to mitigate the spread of fire and prevent module 
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ignition. The publications reviewed in this article point out that electrical faults are the 

main cause of BIPV fires in buildings, and the fire resistance level determines how 

fire spreads between PV panels and other building elements. 

This is also why it is necessary to focus further on the issue of preventing the 

spread of fire, to solve measures and innovations in the area of preventing shading, 

and thus emerging hot spots. It is also necessary to dedicate space for professional 

training of installers and regular maintenance and inspection. And we cannot forget 

the firefighters and the firefighting itself, during which it is necessary to take care to 

eliminate the risk of electric shock. As well as ensuring that, in the event of an 

evacuation, the persons ensuring the evacuation are not endangered by falling 

fragments of PV panels or combustion emissions. 
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