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Alpine PV Modules: Mechanically Robust, Yet UV-Sensitive?

KEY TAKEAWAYS

UV-induced degradation (UVID) reaches ~3.2 - 9% after 150 kWh/m? UV radiation (~1.5 - 2 years equivalent
alpine exposure), making UV the primary reliability risk

|Alpine-relevant modules withstand extreme mechanical loads, while the standard module fails early

MOTIVATION

CO Alpine PV enables high energy yield especially in winter
due to high irradiance, snow albedo and low temperatures’

Modules face extreme conditions: high irradiance, UV,

. 2
snow loads, wind, and low temperatures

LIV exposure is higher than in standard installations but

remains poorly understood

w [MThe study evaluates mechanical and UV-related
reliability of alpine-relevant PV modules for alpine

conditions.

RESULTS & DISCUSSION
MECHANICAL LOAD TEST (MEL) SEQUENCE

50 cycles of Thermal Cycling (TC50) were performed pre-MEL tests, as this test sequence
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MODULES
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Insights from Mechanical Load and UV Stress Testing

ML E1ERE Frame Solar Cell Encapsulant MUl 535
Construction Thickness P of cells
Module-1 35 mm aluminum
2 2 . E 1
(Standard module) Glass / Glass mm /2 mm P TOPCon / half-cell VA 08
-2 i
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(Alpine-relevant) aluminum frame
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(Alpine-relevant) aluminum frame
IYIoduIe-4 Glass / Glass | 3.2 mm /3.2 mm Reinforced alumi- | TOPCon-based Back EPE 108
(Alpine-relevant) num frame Contact / half-cell
I f LN ESPRAYKSNI RSAATYSR F2NI ! f LIAYS O2yRAsz2yas LA YYySR

better represents Alpine conditions than the MEL test at room temperature alone”.

Thermal Cycling (50 cycles)

Static MEL (3 cycles; +5400 Pa to —H 1 JPa)

Static MEL (3 cycles; +6400 Pa to—H N /Pa)

Static MEL (3 cycles; +7400 Pa to —H N J/Pa)

Static MEL (3 cycles; +8400 Pa to —H 1 JPa)
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Mechanical robustness strongly depends on module design (glass thickness,

frame geometry)

First cell-level damage (finger defects) observed XX b cPa. Damages

increase with load but show no immidiate electrical impact for all modules

|- Manufacturing quality influences initial defect state

For more details on E E

MEL and UV Test
Sequences:

This research was conducted as part of ALIENCE project
and supported by funding from Swiss Federal Office of
Energy, SFOE (SI/502711-01).

UV STRESS TEST SEQUENCE

Dark storage and light soaking steps were performed in the test sequence to make indoor

testing more realistic by mimicking nighttime (dark storage) and the first lights of the new

day (light soaking)”.

UV 60 kWh/m?*
(UV60)

UV 90 kWh/m?*
(UV90)
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- All modules show UV sensitivity. Significant degradation already at 60 kWh/
m2 0 9m 3, primarily from Voc and FF losses. After 150 kWh/m? exposure,
total losses reach 94 o -far: P

Dark Storage

Dark Storage

Light Soaking 2 kWh/m?

(LS2)

Light Soaking 2 kWh/m?
(LS2)

- Alpine-relevant modules probably with UV-cutoff encapsulant show 94 o <P H

6.2% loss after 150 kWh/m? exposure. Modern high-efficiency cell

architectures remain vulnerable despite UV protection.

Checkered pattern on EL images also observed due to UVID.
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