Three decades, three climates: Insights and _
lessons on PV reliability cPFL  ES&5. SUPSI

Y =csem

Hugo Quest!?*, Ebrar Ozkalay3, Anika Gassner4>, Alessandro Virtuani®?, Gabriele C. Eder?,
Stefanie Vorstoffel®, Claudia Buerhop-Lutz®, Gabi Friesen3, Christophe Ballif*-°, Matthias Burri®,
Christof Bucher?®

1 — EPFL, Neuchatel, 2002, Switzerland, 2 — 3S Swiss Solar Solutions AG, 3645, Switzerland, 3 — SUPSI, 0’

Mendrisio, 6850, Switzerland, 4 — OFI, Vienna, 1030, Austria, 5 — Vienna University of Technology, Vienna, Austria, SOI-E Hi |ERN_
6 — CSEM, Neuchatel, 2002, Switzerland, 7 — Officina del Sole srl, Milan, 20145, Italy, 8 — HI ERN, Erlangen, 91058, carer Nior
Germany, 9 — BFH, Burgdorf, 3400, Switzerland

F
H

Cfb (Temperate, warm summer)

533m-VR-
SM55(HO) 5§2m-BA-SM55

" L E» BE A el 5

gt Lt . . .,‘. it e X
- b~ k Sy B,
" " preegl B ¢
i —
=l sy o
fba . e A — -
2es R o AR ST A T -
£l R 0 [0 B X ¥ (R

C() Nntext an d M et h 0O d S Analysis of the long-term performance of

six PV systems in Switzerland over three
decades and three distinct climates.

_ System-level monitoring and data-based analyses
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PR’ (0.7 to 0.89), especially for the alpine facade ® 533m.VR-SM55(HO) Bill of Materials (BOM): Despite identical labels, SM55-
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Facade-mounted systems exhibit higher summer) Improved material compaosition.

seasonal performance variations (wider

standard deviation). Altitude impact: Modules at higher altitudes

showed less encapsulant degradation and
acetic acid formation due to cooler operating
temperatures, leading to improved stabllity.

Non-linearities in low-altitude systems
are linked to soliling/cleaning events and

possibly non-linear degradation. s 7 Adhesive degradation
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Reliability: 1980s-1990s modules show excellent durability, with PLRSs v i
averaging -0.24+0.16%/year, well below typical rates. =
g
Altitude Effect: High-altitude sites (20°C cooler) show lower PLRs and less =
material degradation than low-altitude sites. 3 ==
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Material Degradation: Low-altitude systems face more encapsulant degradation rate
degradation (acetic acid formation), causing corrosion and performance loss. ' ' ' ' ' ' '
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BOM Priority: BOM Is key to long-term PV reliability, and altitude has a Overview of indoor and outdoor results: (i) module P,
secondary but positive influence. degradation rates from indoor |-V measurements; (ii)
system PLR from outdoor monitoring.
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