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Introduction

* Literature, test results and current field
experience are collected to assess
weaknesses of new module technologies
such as TOPCON and HJT.

 For perovskite-based PV technologies, a

Degradation and Féilur

comprehensive literature is conducted to Modes in New Photovol-
identify all degradation pathways that need to el
be addressed for reliable use in PV -

applications.
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* If available, mitigation strategies are
identified This report overviews currently known degradation
identiiiea. modes and failures and their mitigations
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Most important results of literature review and practical experiences from the field

¢ Some prlmary Important fallure types I understood and standard available |:| Understood or tests available
seem to be mitigated like LID/LeTID  #temore e for degratation. et ter2
and cell part isolation.

Recovery clear.
Some effects not well
understood.

* Many current module types show t
high degradation of up to 10% after
60 kWh UV dose in lab tests.

Standard for degradation.
Recovery unclear.
Effect not understood. \

* Thin glass breakage

Standard for degradation.
Tests for recovery availabe.
Transfere test to field not
investigated for SHJ yet

* |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.
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-Not understood and no tests available

Mostly not covered by standards.
Non standard tests are available.
No recovery.

Safety impact.

* Unreliable connection in junction box

Fabrication failure.

Production tests are available.

No recovery, loose contact behaviour.
Stafety impact.

Important origins unclear.

Standard partly usefull (more repetitions).
No production tests are available.

No recovery, safety impact.
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Praxis and field-oriented information for PV planners, installers, investors,
inspectors, consultant or insurance companies.

COMPONENT

Not connected, broken, bumed, corroded or short circuited parts within the junction box. It can
imvole older i, wres, ypass diodes ortbling nbbons The nterornecton faiure sl
could be hidden by in the junction bo Iy by

poling matorial. The materts can appoar a2 degraded (yolowed, bronmed, bumed or bu
DEFECT bled) due to the heat or arcing oceurring in the junction box

The original PV failure fact sheets

Detection BYT. (IRT, EL, VI, IV, VOC)

Origin Bad contacts in the junction box can be caused by cold solder joints, thermo-mechanical

(PVFS 2021) were reviewed to
APPEARANCE g o) o Mo T oo o v 5,

include failures occurring in new
' module technologies and its impact
5y sl empesrs ol s o) chiel s o s prov: i i e i ot g P

screws. Mechanical contacts can get loose due to the thermal cycling of day and ot and EL inspection while applying siring wise reverse: vnlmgewllh 3%-5% of rated I, [Kontges2d]. N t h e fl e I d X
seasonal changes. Moisture ingress in bad or damaged juncion boxes (e.g. adhesion loss,
brittle, cracked, missing seal at wire entrance or junction box housing) leads 1o corrasion of
Severity —— :
DETECTION the contacts Dﬁ?ﬁﬁ'&f@ﬁﬁmx‘@:ﬁ;ﬁmaw puting me- 00 a . Spontaneous thin glaSS breakage
Production [ Installation [ ] [ Operation I Example o . . .
Impact Depending on the poslbonahhehad contact and its characte (resisive, open circt, short| (11 ° PID‘p n blfaClal modules
circuitor be
ORIGIN “resut in di burn marks in the enc behind e o e .. . .
and around the junction box and to glass breakage. In the worst case nterconnection faiures .
e e e b g e Cold solder joints in new generation
camera (hot spot). Furthemore, connection falure could lead to equal impacts 1o the PV A cold soldar joint before the diode in the oter junction box causes a 1/3 pawer loss and is . .
module as a diode faire i the connection to a bypass diode is lost (missingfinsufficient detectable by IRT. However, if the inner junction box is affected, it doss not causs the module: Jun ction boxes
IMPACT bypass diode protection). In adition to the visual defecls, interconnect faiures can alsolead substring to operate n open circt [Kontges24]
to significant power losses or loss of shade resilince, which can both be detected by BYT of

modules o strings. The measurement can be affected by changing mechanical or thermal

ot vt e e oy g e e ateg et | [ty | 00 0@ ‘___a * Cracking and delamination in new

vV VYV Vv ¥V VY ¥V V VY

tiate fire.
MITIGATION w [00000 [wone |G D Beangle backsheet materials
— ——— — —— 12 . . . .
Mikgon | Coeciveacns bt opony on ﬁﬁﬁ » Cell-cracking in MBB/multi-wire or
EXAMPLES e et e et 5 | s otie s o o o e e o o e o e shingled modules
be replaced, especially if the | b) bypass diode functionality | prior to installation. Regular which is detectable by IRT. The module location remains unidentifiable. If the inner junction

modules are installed on| test in production. Commis- | IRT inspections. Installation of
buildings. Regular inspections | sioning of system with IRT or | arc detection tool
should be done to monitor the | BYT. Compare YOG of paral-

' Severty —0
ﬁ:ﬁ;’ the not replaced | lel strings e 'ﬂ‘ﬂ ‘

box is impacled, the module confinues fo befave as intact [Koniges24].

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 is promising to
minimize degradation in certain cell types such as TOPCon.

» UV-Induced Degradation occurs in some PV modules but is manageable through the use of
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 such as UV, humidity, and temperature are required.

 Durability of Thin Glass: Thin glass in modern modules has shown higher breakage rates,
requiring tests with multiple modules under real installation conditions.

» Junction Box Reliability: Faulty bypass diode connections pose a safety and performance
risk. It is recommended to perform tests during production and on affected installations.

» Perovskite-based PV modules: There are numerous problems with the reliability of
perovskite-based PV modules in the literature. Many possible solutions, but all challenges
must be solved at once.
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