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Degradation and Failure Modes in New PV Technologies

• Literature, test results and current field 

experience are collected to asses 

weaknesses of new module technologies

such as TOPCON and HJT.

• For perovskite-based PV technologies, a 

comprehensive literature is conducted to 

identify all degradation pathways that need to 

be adresses for reliable use in PV 

applications.

• If available mitigation strategies are

identified.
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This report overviews currently know degradation 

modes and failures and their mitigations 

Introduction
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Most important results of literature review and practical experiences from the field

• Some primary important failure types 

seem to be mitigated like LID/LeTID

and cell part isolation.

• Many current module types show 

high degradation of up to 10% after 

60 kWh/m² UV dose in lab tests.

• IEC61215 tests does not test for new 

embedment material degradation. 

Additional test are needed. 

• Thin glass breakage and cold solder 

joints are critical current failure types.

Degradation and Failure Modes in New PV Technologies
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Impact of degradation modes on TOPCon+HJT and new modul designs
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Photovoltaic Failure Fact Sheets (PVFS) 2025

➢ COMPONENT

➢ DEFECT

➢ APPEARANCE

➢ DETECTION

➢ ORIGIN

➢ IMPACT

➢ MITIGATION

➢ EXAMPLES

Praxis and field-oriented information for PV planners, installers, investors, 

inspectors, consultant or insurance companies.    

The PVFS introduces main failures, how to detect and mitigate them, and provides information on their 
impact on safety and power generation, together with practical examples. 

The original PV failure fact sheets 
(PVFS 2021) were reviewed to 
include failures occurring in new 
module technologies and its impact 
in the field:

• Spontaneous thin glass breakage

• PID-p in bifacial modules

• Cold solder joints in new generation 
junction boxes

• Cracking and delamination in new 
backsheet materials  

• Cell-cracking in MBB/multi-wire or 
shingled modules
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Degradation and Failure Modes in New PV Technologies

• Impact of Innovation on Degradation: Cell cracking issues are mitigated by multi-wire 

technology. LeTID is addressed by gallium-doped wafers and improved manufacturing.

• Potential-Induced Degradation mechanisms can be reduced through targeted tests and 

adjustments at cell, module, and system level. UV irradiation during testing minimize 

degradation in specific cell types like TOPCon and will be added in upcoming tests.

• UV-Induced Degradation occurs in some PV modules, but is manageable by using UV-

stable designs and encapsulation materials. However, further research is required.

• Encapsulation Material Challenges: The degradation of polymer materials is still a major 

problem. New tests combining stresses like UV, humidity, and temperature are required.

• Thin Glass Durability: Thin glass in modern modules has shown in some cases high 

breakage rates, necessitating multiple-module testing under real installation conditions.

• Junction Box Reliability: Faulty bypass diode connections pose a safety and performance 

risk. It is recommended to implement tests during production and in affected installations.

• Perovskite based PV modules: There are numerous reliability issues for perovskite-based 

PV module technologies in literature. Many possible solutions, but all challenges must be 

solved at once.
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