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Introduction

» Literature, test results and current field
experience are collected to asses
weaknesses of new module technologies
such as TOPCON and HJT.
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 For perovskite-based PV technologies, a Degradation and Failure

comprehensive literature is conducted to Modgsliln Ngv:n Pgo:ovol-
. . . tai
identify all degradation pathways that need to o i
be adresses for reliable use in PV o
applications.
* If available mitigation strategies are This report overviews currently know degradation
identified. modes and failures and their mitigations
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Most important results of literature review and practical experiences from the field

° Some primary important failure types Impact of degradation modes on TOPCon+HIJT and new modul designs .
Understood and standard available |:| Understood or tests available -N‘Jt understood and no tests available

seem tO be mltlgated ||ke LI D/LeTI D P * LeTID/LID, + Embedement material
and Cel | par’[ |SO I atlo n. Standard for degradation. Mostly not covered by standards.

Recovery clear. Non standard tests are available.
Some effects not well No recovery.
understood. Safety impact.

« Many current module types show
high degradation of up to 10% after
60 kWh/m? UV dose in lab tests.

* Unreliable connection in junction box
Standard for degradation. Fabrication failure.
Recovery unclear. Production tests are available.
Effect not understood. No recovery, loose contact behaviour.
Safety impact.

" uvip

« IEC61215 tests does not test for new -, " Thin glass breakage

I igi lear.
embedment material degradation. Standardfor degradation Standard partly useull (more repettons).
iy :z:tss:ﬁrnf:;‘:i;i :;?':;2?‘ No production tests. are available.
Additional test are needed. For st no wansfer No recovery,safety impact.

 Thin glass breakage and cold solder
joints are critical current failure types.
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Photovoltaic Failure Fact Sheets (PVFS) 2025 (um

Praxis and field-oriented information for PV planners, installers, investors,
inspectors, consultant or insurance companies.

» COMPONENT
e e s ) [ The original PV failure fact sheets
> DEFECT sl et e ey o e e bl gPVFS 202.1) were revigweql to
Dotocon Y, (R, L., V0C3 include failures occurring in new
B oo corkts o s cmdi o M paro, Comioets 2 st 52 = : o
» APPEARANCE B T o o U A T mmm‘"“‘“mwﬁm“‘mm&mmm : rnodulg technologies and its impact
sl e s e L El.mapscmmleapmmngmammmgamamwrusdk[mmwsr?ﬂ] in the field:
S g e e e e
> DETECTION P e e e L L e [T T & - Spontaneous thin glass breakage
Production [ brstalation (] Opesalion B Example LT . . .
> ORIGIN Impeact mnmmmmdmmmmmdmm resitve, apen crcu, shee |11 : I[I ° PID—p in blfaClal modules
Rl e g I o s = " " | » Cold solder joints in new generation
S :’mm o oty T hovare. b i o ero 1o it s b s junction boxes
> IMPACT g s ol ibasgciedigho s Lugare Ml sl ity ] b g et M cpen ol . . . .
S s et o 4 o g s b e |court | B GO ‘___a * Cracking and delamination in new
> MITIGATION - [00808 | |ea® e EREEEE backsheet.mal.‘ertals o
e niereniss oy D A ™ A » Cell-cracking in MBB/multi-wire or
> EXAMPLES P e R el Ry ) o R T2 S0 M Y o R W shingled modules
b:dmlp::m:fm“:;zdﬁ?" hlhwsdndcww priar rﬂﬂhﬁlﬂ"ﬂm whoelh i detectable by IRT. The module location remains unidentfiable. |f the imer junction
i . &«-&U‘P‘““‘sm‘“m‘ pisid m'*‘“w”' e B impacted, the module conlinues b behave as intact [Kinges24)
%f’;"ﬁ':'f.’umﬁ L oere YOGl =y | OO0 ‘___g

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. 4
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» 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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