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“A BIPV module is a PV module and a 
construction product together, providing 
functional requirements for the building 
envelope

…

If the BIPV module is dismounted, it would have 
to be replaced by an appropriate construction 
product.

- IEA PVPS Task 15 (2018) -

BIPV definition
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BIPV & BAPV

Building Applied
PhotoVoltaics
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Building Integrated
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Regulatory reaction

• On-roof PV (=BAPV)

• In-roof PV  (=BIPV)

• Façade        (BAPV & BIPV)
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Problem statement

I. Research Proposal
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BIPV façade systems introduce high-voltage ignition sources, carrying DC currents up to 
1000 V, directly into façade structures, a hazard unprecedented in conventional façades. 
Despite this…



Regulatory gap

I. Research Proposal
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• (Yang et al., 2023) No fire safety building codes and performance criteria are tailored for 
BIPV facades 

• (Aram et al., 2021) Fire test for BIPV façades fail to account for the unique fire scenarios 
• (IEA PVPS Task 15, 2023) No statutory quality systems for BIPV installations

 pre-normative state



Main objective

I. Research Proposal

“To achieve fire safe and fire resilient buildings with BIPV systems in façades”
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Research question

I. Research Proposal
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RQ1 | Can a risk-based design support tool aid designers of façades in 
the design process to achieve fire safe and fire resilient designs when 
integrating building-integrated photovoltaic systems?



I. Research Proposal
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BIPV façade: module types

14

II. Research Findings
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II. Research Findings

BIPV façade system: electrical configurations
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II. Research Findings

Fire safety regulations

Electrotechnical norms (IEC)
• Aimed at preventing ignition

• E.g. NEN-EN-IEC-61730

Building decree & norms
• Treated equally as conventional façade materials
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II. Research Findings

Fire class requirements
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II. Research Findings

Risk analysis
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II. Research Findings

Fault tree analysis

Top event: vertical fire spread over multiple fire compartments 
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II. Research Findings

FTA: Vertical fire spread over multiple fire compartments

Critical failure modes:
• Electric arc (AC and DC) All electrical components
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II. Research Findings

FTA: Vertical fire spread over multiple fire compartments

Critical failure modes:
• Electric arc (AC and DC) All electrical components
• Hot-spot BIPV module

22



II. Research Findings

FTA: Vertical fire spread over multiple fire compartments

Why are BIPV façades of high risk?
• Ventilated façade  chimney effect
• Combustible materials in façade
• Inability to inspect components in facade
• Elevated cavity temperatures
• Cable penetrations
• Falling BIPV modules
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Design support tool: goal

III. Design Support Tool
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Design support tool: who/when/how

III. Design Support Tool
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How to use optimallyWhen to useIntended user

Designed for:
Architects

Façade engineers

Can also be used by:
Manufactures

Fire safety consultants
Clients

Developers



Design support tool: reference tools

III. Design Support Tool
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DGMR: handreiking brandveiligheid gevels DGMR & Nieman: borgingsprotocol



Design support tool
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III. Design Support Tool
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Risk parameter Design consideration

Risk factor
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One-pager

III. Design Support Tool
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• Summary of tool 
• Quick spread of knowledge
• Wider target group:

• Developers
• Clients
• Fire safety consultants
• Manufactures



One-pager

III. Design Support Tool
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Design support tool development: risk factor evaluation

III. Design Support Tool

53



Design support tool development: user feedback

III. Design Support Tool
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Main feedback points
• Validation of concept

• Valuable for multiple purposes and stakeholders
• Effective for designers without knowledge BIPV fire safety
• Less effective for designers with knowledge BIPV fire safety
• Improvements for User Interface (UI) and User Experience (UX)

Feedback group
• 2 façade engineers
• BIPV manufacturer
• Fellow student
• Dummy user
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Discussing the method

IV. Discussion & Conclusion
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Risk analysis
• Overview of main fire risks & measures BIPV facades
• Foundational layer of knowledge for other BIPV systems typologies

• Lack of supportive empirical data

Design support tool
• Spread of knowledge / foster informed decision-making 
• Provides baseline understanding of BIPV fire risk in building context

• Fails to represent risk nuances / interdependencies
• Does not consider all risk parameters
• Risk factors (Subjective nature, can be considered as absolute truth) 



Answering the research question

IV. Discussion & Conclusion
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RQ1 | Can a risk-based design support tool aid designers of façades in 
the design process to achieve fire safe and fire resilient designs when 
integrating building-integrated photovoltaic systems?
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Discussing fire safety BIPV systems in façades

IV. Discussion & Conclusion

The risks of BIPV façade systems should not be underestimated

However, …
• Manageable with:

Nonetheless, in the absence of regulatory guidance….
• Matter of time
• Insurer
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Future recommendations

V. Future Research
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Design support tool
• Professional tool development
• Tool validation
• Risk factor improvement
• Extend focus
• Cost integration

Research fire safety BIPV facades
• In-depth risk analysis BIPV 

façade systems

Test proposals
• Fire barrier performance 

(mounting structure)
• BIPV cavity design 

considerations

Regulatory framework 
• Reporting & documenting fire 

causes
• BIPV façade fire test method
• Lobbying SCOPE12
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