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• Mechanical support

• Optical coupling

PV module packaging

• Electrical insulation

• Environmental isolation
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End-of-life failure commonly linked to packaging

degradation or interactions

• 90% of installed modules <10 years old

• 90% reduction in module cost in past 10 years

Increasing use of new materials with

little field history

Degradation of PV module packaging
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Degradation patterns across length scales
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Degradation patterns: global
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Complete failure of PA/PA/PA

backsheet in between cells

Global degradation patterns: backsheet
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Global degradation patterns: backsheet

Climatic conditions:
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Global degradation patterns: backsheet

Climatic conditions:
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Global degradation patterns: backsheet

Backsheet degradation indicators:
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Global degradation patterns: backsheet

Principle component analysis shows strong correlation between…

… yellowing and NO2 concentration

… oxidation and reflected solar radiation

… hydroxyl formation and temperature
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Degradation patterns: local
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Array-level degradation patterns: backsheet

Utility scale array in Maryland (US):

• Commissioned: 2014

• Rated production: 271 kWp (1152 modules)

• Backsheet: PEN-based

12
Fairbrother A, et al. Differential degradation patterns of photovoltaic backsheets at the array level, Sol. Eng. 163, 2018, pp. 62-69



Backsheet degradation indicators for the array: 

Array-level degradation patterns: backsheet
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More advanced degradation in modules situated…

… closer to edges of array

Array-level degradation patterns: backsheet
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Yellowness index Gloss

Array-level degradation patterns: backsheet

More advanced degradation in modules situated…

… closer to edges of array

… above certain types of ground
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More advanced degradation in modules situated…

… closer to edges of array

… above certain types of ground

… with higher elevation

Array-level degradation patterns: backsheet
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Backside irradiance varies by module position:

Array-level degradation patterns: backsheet
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Array-level degradation patterns: backsheet

Backside irradiance varies by module position:

Other local exposure variables:

• Temperature 

• Mechanical loads

• Moisture

• Pollutants, soiling
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Degradation patterns: sub-module
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Degradation patterns: sub-module

Component tests often fail to fully replicate real-world conditions
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Sub-module degradation patterns: backsheet

PA/PA/PA backsheet cracking initiated by inner layer degradation
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Sub-module degradation patterns: backsheet

PA/PA/PA backsheet cracking initiated by inner layer degradation
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Sub-module degradation patterns: encapsulant

EVA cell-side
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Continuous feedback between field and laboratory:

Improving test, module, and array design
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Field survey 

and analysis

Accelerated 

testing with 

appropriate 

stress levels

Identify key 

environmental 

stressors

Define real 

service 

conditions

Validate with 

field data

Develop 

physical 

models for 

degradation

Consider…material interaction in BOM

…local factors in PV plant design
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