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The challenges of testing the UV-impact on PV-modules
Michael Köhl
Fraunhofer Institute for Solar Energy Systems ISE, Heidenhofstrasse 2, 79110 Freiburg, Germany 
Tel. +49 761/4588-5414, Fax +49 761/4588-9414 
Email: Michael.Koehl@ise.fraunhofer.de

Accelerated testing of the durability of materials exposed to natural weathering requires testing of the UV-stability, especially for polymeric materials. The type approval testing of PV-
modules according to the standards IEC 61215 and IEC 61646 includes a so-called UV-preconditioning test with a total UV-dose of 15 kWh/m². Measurements of the natural UV-stress
indicate a yearly total UV-dose of more than 100 kWh/m². Accelerated life testing requires higher UV-power than provided by natural sun-light und additional acceleration by enhanced
temperatures and the neglecting of dark periods. The combination with humidity as a potential reaction partner for degradation processes becomes an even bigger challenge under such
circumstances. Results from PV-module testing will be presented and a work plan for evaluation of accelerated life testing procedures will be outlined.

Abstract

IEC 61215/61646: 
UV-testing of PV-modules and 
components is of minor importance

UV pre-conditioning testing according 
to IEC 61215/61646 10.10:

- No specification of the spectrum 
of the light-source
- No specification of the UV –
detectors
- No correlation with real loads 
under operation

Challenge 1: Spectral Sensitivity of Materials Challenge 4: Different UV-Sources

Challenge 5: UV, Temperature and HumidityChallenge 3: Integral UV-Sensors

Challenge 2: UV Stress in Operation

Measured yearly UV-dose in the desert 
Negev: 120 kWh/(m²a)

Therefore 2-4 months real operation is 
simulated (IEC 61646)

Monitoring of UV radiation or global 
solar radiation at typical PV locations 
needed

Evaluation of the specific UV stresses for 
module components

Rough estimate: UV-dose = 5% of 
global solar irradiation

The total UV-dose in a desert was found to be about 120 kWh/(m² a), roughly about 5,5% of the total solar irradiation. A service life of 25 a sums up to 3000 kWh/m².

Accelerated life tests are needed.

Artificial UV-sources differ strongly from the solar UV-spectrum, therefore different ageing behavior of samples with a wavelength-dependent spectral sensitivity in UV-tests with 
different lamps have to be expected.

Integral UV-sensors for artificial UV-sources can be used for rough estimates, especially when they are calibrated with the same kind of radiation source.

In-expensive spectro-radiometers can be suitable for the measurement of the UV-radiation when they are well calibrated.

Histogram of global and UV-radiation at different 
sample temperatures for 1 year in the Negev, 
Israel.

Relative error of the integral UV-sensors compared to 
integrated spectro-radiometric measurements .
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Raman Analysis after UV weathering of Glass-EVA-TPT 
test modules behind different edge filters.

Glass-EVA-TPT

UV-weathering:

45 kWh @ 60 °C

Critical
wavelengths:

l < 320 nm
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UV-spectrum measured 
on a German mountain (2600m altitude)

Energetic scale for the spectra-cumulation
of photons with higher energies.

0 50 100 150 200 250
0

10000

20000

30000

40000

50000

cu
m

ul
at

iv
e 

in
te

ns
ity

 fo
r b

in
di

ng
 e

ne
rg

ie
s 

[a
rb

. u
ni

ts
]

UV-intensity (280nm - 400 nm) of various UV-sources in W/m²

 4,11 eV (C-H)
 3,75 eV (C-O)
 3,46 eV (C-C)

Photon-power with energies higher than required for
destruction of molecular bonds in different UV-
sources.

Integral sensors compared to pyranometer: 
Reference cell readings are proportional to the 
pyranometer (except of two metal-halide lamps). 
Correlation with UV-A integral Lab-sensors  is 
acceptable, except for the relatively low  values
for metal-halide.

Spectral irradiation of different UV-light sources and natural
UV-irraditation on the Zugspitze (green).

Simultaneous testing of  four identical commercial 
modules in a climatic cabinet at 60°C, 85% rel.h and 
UV irradiation.
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Arrhenius plot of the test results.
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