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ÅReview Weathering Stresses 

ÅMaterials in Photovoltaic Module Constructions 

ÅFielded Module Studies 

ÅComparison of UV and DH Accelerated Results and 

Fielded Module Performance 

ÅAccelerated Test Protocols 

ÅUV Test Protocols for Backsheet to Address 

Qualification Shortcomings 

ÅConclusions 

Outline 

© DuPont 2013 



Stresses for PV Modules and Materials 
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Å Combined stresses operate throughout greater than 25 year module lifetime 

Å Backsheet is the first line of defense in all geographic locations and installations 

Å UV durability has been under-tested and its effects in the field under-estimated 
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 Material Combinations Create Unique Interactions  

Unique Opportunity for Deep Understanding of Performance 
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Field5 - 4 years 

Italy 

Field1 - 7 years 

Field4 - 8 years 

Field3 - 9 years 

Field2 - 9 years Arizona, USA 

Field6 - 6 years 

Module Failures due to UV Exposure:  

Polyester Yellowing and/or Cracking on Junction Box Side 

Spain Cracking & 

Yellowing 

Yellowing 
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 Failures from UV 

damage observed in the 

field early in expected 

module lifetime 
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Fielded Module Example 
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JB 

Å Modules were removed from a commercial MW plant after 5 years for cracking 

and delamination on the backsheet along the rear tabbing ribbons and 9% loss 

of power. 

Å The IR analysis identified outer layer as polyester.   

Å Thermal image shows localized heating at cell contacts. 

Cracking on the outer polyester layer of backsheet 

Cracking of the backsheet is 

likely due to indirect UV 

exposure.  Backsheet testing to 

reflected light from albedo can 

identify instability in the outdoor 

environment. 
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FTIR Analysis of Accelerated Weathering and Fielded Module 

Hydrolytically-stabilized PET-based backsheet, standard PET-based backsheet  

JB side exposed for 360 kWhr/m2 TUV in Atlas Weather-o-meter*, compared to 

PET-based backsheet from fielded module 6 years in AZ 

* ASTM G155 cycle9 (modified), xenon lamp with daylight filter, 120W/m2 

(300-400nm), 65° C BPT, 102min. radiation, 18min. radiation + water spray 
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PET before exposure shows resonance at 1710 cm-1. 

Both Weather-o-Meter exposed and fielded sample show 1690 cm-1 

resonance, evidence of degradation of PET to TPA monomer 

Atlas Weather-o-Meter exposure Fielded module 6 years an AZ 

Elevated 

pigment 

bands 
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Comparison UV and Damp Heat to Fielded Performance 

Å Small color change consistent with 

changes seen in damp heat and UVA 

exposure for Tedlar® -based backsheets 

Å Significantly larger changes in b* (9~27) 

for PET-based backsheets indicating 

polymer damage and degradation 

Damp Heat Exposure of Modules 

UVA Exposure of Modules 

Damp Heat : 85ºC, 85%RH 

UVA: 70ºC BPT, 65W/m2 (250 - 400nm), no water 
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227 Tedlar® and 4 PET based backsheet modules  

from various locations and manufacturers 

Fielded Tedlar® and PET Modules 

UV exposure of PET-based backsheets 

more damaging and likely responsible for 

much higher yellowing observed in the field 

Å Level of yellowing in damp heat not 

changing appreciably from 1000 to 3000h 

Å Level of yellowing for PET modules in 

damp heat not consistent with yellowing in 

the field 
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