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Integrated PV
Need to rethinking the qualification standards?
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Other non- (or 
quasi-) standard 
challenges:

• Extended UV, 
Temp., RH, etc.

• LETID?

• IAM?

IEC 61215:2021
What are the most common tests that PV module suppliers carry out?
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What are the most common tests that PV module suppliers carry out?
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New stresses for IPV
Mechanical tests Thermal tests Irradiance tests Chemical tests

BIPV • Structural 
performance

• Heat 
transmittance

• IAM
• UV discoloration
• Hot spot (multi-colour)
• Reflectance/glare

VIPV • Vibration test
• Stone impact
• Sand abrasion
• Noise reduction
• Aerodynamic test

• Heat 
transmittance

• IAM (curvature)
• Hot spot (curvature)

• Salt spray corrosion

Agro-PV • Vibration test
• Stone impact
• Sand abrasion
• Sand fall

• Heat 
transmittance

• PID + salt mist / 
sand fall

• IAM (for vertical 
installations)

• Salt spray corrosion
• Ammonia corrosion

Floating-PV • Dynamic torsion
• Shock/drop

• PID + salt mist • Salt mist corrosion
• Ammonia corrosion

Urban-PV • Vibration test
• Stone impact
• Shock/drop
• Noise reduction

• IAM (vertical PV)
• UV discoloration
• Hot spot (multi-colour)
• Reflectance/glare

• Soiling 
cementation?
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FPV: What can be taken from experience 
“Where Sun Meets Water – Floating Solar Handbook for Practitioners”, World Bank Group, ESMAP and SERIS (2019)
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New mechanical stresses for FPV
What failure modes should be tested for in addition when deploying PV modules offshore?
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New mechanical stresses for FPV
What tests would SERIS propose, to address these failure modes?
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New mechanical stresses for FPV
What tests would SERIS propose, to address these failure modes?

8 Actuator
Design

Assembly 
Frame

Actuator 
Up/Down 

Movement



18

What can be taken from ISO standards
ISO 19904-1:2019: Petroleum and natural gas industries - Floating offshore structures, Part 1

Part 1
 Ship-shaped, semi-submersible, spar and shallow-draught cylindrical structures

Definition of stresses:
 Slamming: impulsive action with high pressure peaks that occurs during impact between a portion 

of the structure and water
 Splash zone: part of a structure that is intermittently exposed to air and to sea water
 Watertight: capable of preventing the penetration of water into the structure during temporary 

exposure to water

 Proposed approach:
 To define a slamming action Fs for the geometry of PV modules, depending on:

 Water density, water particle velocity, module dimensions
 Correlation to wet or dry test (drop test on water or on a selected surface)
 Number of tests and linearity analysis
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Wave shock
Simulated with drop test: ongoing

Mike
Me
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Wave shock
Simulated with drop test: ongoing
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Wave shock
Simulated with drop test: ongoing
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Wave shock
Simulated with drop test: ongoing
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Wave shock
Simulated with drop test: ongoing
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Extended test regime for FPV
What tests would SERIS propose, to address these failure modes?

Stand-alone tests
 Salt mist
 Impact of waves
 Impact of lighting

Sequential stress tests
 Radiation hardening

 UV + floating ML
 Humidity/corrosion resistance

 HF + floating ML
 UV + HF + floating ML
 Same with Salt Mist

Combined stress tests
 PID + salt mist

 Indoor (difficult)
 Outdoor (easier but longer)
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VIPV (and urban PV): mechanical loads
Vibrational test (ref to ISO standard for vehicles)

Section 4.1.2.4 (Vibration) Tests for sprung masses
 From cylinders (sinusoidal) is negligible
 Vibration is random induced by rough-road driving

X = frequency [Hz]
Y = Power Spectral Density (PSD) [(m/s2)2/Hz]
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Hot spot and BIPV
Multi-colour modules should be specifically designed to avoid hot-spot

www.kaleo-solar.ch 
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Hot spot and BIPV
Multi-colour modules should be specifically designed to avoid hot-spot

www.pixasolar.com
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Tested at SERIS, to be presented at:

Hot spot and BIPV
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Repeated pattern: the “Peranakan” module

Presented at SERIS’ booth at:
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Other relevant tests that should be explored
Agrivoltaics: mechanical vibrations and soiling
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Thank you for your attention!
Contact: Mauro Pravettoni
mauro.pravettoni@nus.edu.sg

More information at www.seris.sg

We are also on:

https://www.seris.nus.edu.sg/doc/publications/Annual-Reports/SERIS_AR2021.pdf
mailto:mauro.pravettoni@nus.edu.sg
http://www.seris.sg/
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