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Background and motivations

• PV modules are exposed to decades of UV radiation,
which is causing several UV-induced (UV-ID) degradation
mechanisms [1], particularly UVB shorter wavelengths.

• Novel n-type solar cells are particularly susceptible to UV-
ID [2,3]

• Novel encapsulants with low UV cut-off are emerging in
the market, resulting in higher energy yields [4]

• No proper standards dedicated to the long-term UV aging
of PV modules [5]

• How are stressors factors varying for vertical
installations?

[3]

[6]

[7]
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Background and motivations
Several studies focused on the degradation of modules across different climatic zones, but almost none on
the effect of inclination. Vertical installations are emerging, especially in the BIPV field.

[8]

[5]

[9]
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Background and motivations
Aim of this research: Fulfill the existing research gap on vertical 
PV installations, estimating the reduction in UV irradiance.
Aim of this research: Fulfill the existing research gap on vertical 
PV installations, estimating the reduction in UV irradiance.

Key messages: 
• Different orientations/inclinations = different 

environmental stress (UV and T) 
• Potential adoption of novel materials for vertical BIPV, 

without excessive UV-ID
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UV radiation analysis
Estimation of annual total and UV irradiance incident on surfaces with different inclinations, orientations
and climatic zones, by using the Simple Model of Atmospheric Radiative Transfer of Sunshine (SMARTS)
[10,11]. Atmospheric parameters are retrieved from satellite data (Nasa and NREL databases).

Factors affecting UV irradiance:
- Air mass (AM) (season, location, inclination)
- Ozone layer thickness
- Clearness index
- Water vapor
- Aerosols, pollution, dust
- Albedo of surrounding environment
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UV radiation analysis
Three representative locations in Italy:
• Lampedusa (mediterranean area) 
• Bolzano (continental zone)
• Monte Vioz (TN) (alpine environment) Calculation of annual irradiance and annual UV dose 

UV irradiance on vertical surfaces ~60% of that on tilted surfaces 
(83% in alpine environment)



25 – 26 November 2025
Chamber of Commerce

Florence, Italy

Organised by

Worst case: alpine environment in winter, but UV-B is always lower
UV radiation analysis
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Module’s temperature is influenced by plane-of-array irradiance (EPOA), ambient temperature, wind speed and
installation configuration. Temperature is also affecting UV-ID rate

Temperature analysis

Sandia Model: [12] 𝑇𝑚𝑜𝑑 = 𝐸𝑃𝑂𝐴 ∙ exp 𝑎 + 𝑏 ×𝑊𝑠 + 𝑇𝑎𝑚𝑏
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Research progress – UV aging tests

Four mini-modules were aged in a Q-SUN Xe-3 Xenon Arc
lamp chamber equipped with extended UV-QB filters.
Experimental conditions followed IEC 61215-2-2021
indications for UV preconditioning test:

- TUV 100 W/m2 (~5% UVB)→ ~2 Suns
- T back module ~60 °C
- No humidity control
- Open circuit test
- Total of ~625 hours (total UV dose = 62 kWh/m2)
- Progressive monitoring of electrical parameters
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Research progress – UV aging tests

Kinetic model Module1 Module2 Module3 Module4
linear fitting (k) (%/hour) -0.007% -0.002% -0.009% -0.001%
total degradation in 625 h -3.42% -0.98% -4.39% -0.34%

Degradation rate calculation
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Research progress – Equivalent years analysis
Calculation of outdoor equivalent years (same UV- or UVB-dose exposure) 
corresponding to hours of experiment (625 h).

𝑈𝑉𝑐ℎ𝑎𝑚𝑏𝑒𝑟 [ Τ𝑘𝑊ℎ 𝑚2]

𝑈𝑉𝑎𝑛𝑛𝑢𝑎𝑙,𝑜𝑢𝑡𝑑𝑜𝑜𝑟[ Τ𝑘𝑊ℎ 𝑚2/𝑦𝑒𝑎𝑟]

Larger difference when looking at UV-B only!

T – tilted module
V-S – vertical, south direction
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Research progress – Equivalent years analysis

Orientation- and location-specific 
annual degradation rate calculation

Calculation of outdoor equivalent years (same UV- or UVB-dose exposure) 
corresponding to hours of experiment (625 h).

𝑈𝑉𝑐ℎ𝑎𝑚𝑏𝑒𝑟 [ Τ𝑘𝑊ℎ 𝑚2]

𝑈𝑉𝑎𝑛𝑛𝑢𝑎𝑙,𝑜𝑢𝑡𝑑𝑜𝑜𝑟[ Τ𝑘𝑊ℎ 𝑚2/𝑦𝑒𝑎𝑟]

Module2: TPO-clear + IBC cell
Module4: EVA + PERC cell
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Main takeaways
• Great influence of module’s inclination on incident UV irradiance → could impact on UV-ID effects

• Strong influence also on module’s temperature, but dependent on installation configuration

• Lower stress factors indicate reduced degradation rate

Next steps

• Future studies on combined stress factors need to be conducted, for photodegradation analysis (Acceleration 

Factor calculation)[13]

• Possible use of novel materials for vertical BIPV,                                                                                                       

improving energy yield without compromising durability
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