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Motivation

The rapid deployment of photovoltaic systems increases their cumulative exposure to extreme
weather events such as hail. Observational data from Europe indicate a strong increase in large
and very large hail events in recent years, particularly after 2018 [1], which directly translates into

a higher likelihood of hail-induced damage in PV systems.

Current post-hail inspection practices are predominantly based on visual assessment, which does

not reliably detect internal defects such as cell cracks or interconnect damage.
As a result, damage may remain undetected and lead to long-term reliability issues [2].

The ACHILLES project addresses this gap by developing advanced, evidence-based guidelines for

the comprehensive assessment of post-hail damage in PV systems.

1. Static and dynamic characterisation of ice properties
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2. Ice impact on rigid target and PV module
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ACHILLES project framework

Evaluating data collected from PV systems

Aim: Multi — method field assessment

Field inspection of 300 of hail-affected PV modules using damage classification (A-D)
based on observed cell defects, supported by electroluminescence imaging and visual
assessment, combined with hail intensity data at system locations.

Parameters: Hail size [mm]; damage class (A-D); cell damage (cracks, inactive areas); tilt
angle [°]; orientation [°].
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Outcome:

« Damage severity increases with hail size.

* Severe damage (Classes C—D) becomes dominant for hail sizes >50 mm.

* Post-hail assessment requires a multi-method field approach rather than a
single diagnostic technique.

Outdoor monitoring

Aim: Outdoor monitoring of PV modules following hail events

Long-term monitoring of performance and degradation of PV modules collected
after hail events, representing five different module technologies, under outdoor
conditions at two test sites (Mendrisio and Rapperswil).
Monitoring timeline: September 2024 — 2028

Outcome:

Monitoring parameters
Modules were collected after
severe hailstorm in the
Locarno area.

! Top row shows hail-damaged

PV modules, while the
bottom row presents
corresponding new reference
modules of the same
technology.

Installed on a corrugated
roofing system solution.

 After one year of monitoring, laboratory power measurements
indicate less than 5% Pmax degradation in hail-damaged modules.
* The monitoring campaign is ongoing.

Field-based methods for post-hail PV system assessment

Assessment guideline document is being developed to identify the most suitable methods for in-field inspection of PV systems after hail events.
The guideline provide a screening of available diagnostic techniques and highlight that a combination of complementary field methods is required for post
hail damage assessment.
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Summary and Outlook
PV systems are increasingly exposed to severe hail conditions, with significant damage observed for hail sizes >50 mm.
Damage severity correlates with hail size, with higher classes (C—D) dominating at large hail diameters.
Initial monitoring results show limited power degradation (<5% Pmax) after one year, despite visible and hidden defects.
Individual diaghostic methods provide only partial information; multi-method field assessment is essential.
Results support the development of practical, field-applicable guidelines within the ACHILLES project.
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