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RESULTS

THANKS TO:

TechnologyIntroduction
• PV modules are required to service in different 

types of environment

• Backsheet works as weathering barrier and 

protects human being from electric shock

• Polymeric backsheet is venerable of UV light, 

moisture, thermal cycle and other degradation 

factors

• Study the degradation mechanisms of kinds of 

commonly used backsheet

• Develop the degradation predictive model

• Based on both real-world and lab exposure and 

characterization

• Cross-correlation of outdoor and indoor 

degradation behavior and mechanisms

• Using indoor degradation model to predict 

backsheet exposed to outdoor conditions

Future Work

Experiment design
Team Members:
• UL, NREL, NIST, Arkema, NEU, CWRU

Experiment:
• Identify the population of candidate PV 

modules brands/models, ages and climatic 

zones for outdoor and indoor exposures, 

evaluations and analytics.

• Evaluation of Outdoor exposed Field and 

Retrieved Modules

• Accelerated laboratory Weathering Exposure 

and Non-destructive and destructive evaluation 

of comparable backsheet material coupons

• Develop predictive tests and models based on 

outdoor field and retrieved module evaluations 

and indoor accelerated exposures and 

evaluations using 

Stress/Mechanism/Response network 

modeling of training dataset with candidate 

module selection and validation using testing 

datasets.
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Non-destructive evaluations:
• Colorimetry

• Gloss meter 

• Fourier transform infrared spectroscopy

• UV-Visible Spectroscopy

• Profilometer: crack quantification

Destructive Test:
• Tensile test

• Cantilever beam test

• V-peel test

Data management:
• High Performance Computing (HPC)

• SLURM Job

• HBase

Data Analysis:
• Rstudio: “sgSEM”, “segmented”, “MCMCglmm” packages …
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• Continue looking for more field modules that expose to 

different climatic zones

• Conduct field survey at additional sites

• Start three new indoor exposures

• Non-destructive and destructive evaluations on new 

obtained retrieved submodules and indoor exposed 

coupons

• Incorporate effect of humidity and real weather data, 

and improve degradation model

Retrieved Module

Field Survey
• Edge effect: Module installed at the edge in one row degrade 

faster than that installed at the center

• Heights effect: Higher modules show more serious degradation
Response Added 

Variable

Null Heights Measure

ment 

Position

Installatio

n 

Position

Yellowness

index

AIC value 1175.01 635.6 631.68 633.51

Response Added 

Variable

Null Heights Installatio

n 

Position

Measure

ment 

Position

Gloss 60° AIC value 4626.39 4153.01 4152.17 4153.5

Indoor Exposure

• Material: AAA, FPE, PPE, PVDF/PET/EVA, PVF/PET/EVA

• Exposure condition: DH, xenon#1, xenon#2

Samp

le ID

Deploym

ent 

Location

Exposu
re

years

Climate 
Zone

Backsheet 

Type

Delamination 

Interface

Adhesio

n 

Energy

(J/m2)

Fracture 

Toughn

ess(J/m2

)

sa30153 China 4 Cfa PA/PA/PA Outer-PA/Core-PA 575-700 1205

sa30155 Italy 5 Csa PA/PA/PA Outer-PA/Core-PA 400-750 99

sa30168 Golden 6 Dfb PVDF/PET - Pending -

sa30165 SMUD 28 Csa PVF/EVA Top-EVA/PV Wafer
- Sample 

prep failure.  

Adhesion too 

weak.-

37.1

sa30161 SMUD (field) 28 Csa PVF/PET/PVF Inner-PVF/Core-PET 245

sa30160 SMUD (shed) 28 Csa PVF/PET/PVF Inner-PVF/Core-PET 896

sa30166 SMUD 28 Csa PVF/PET/PVF Inner-PVF/Core-PET 255

sa30159 SMUD 28 Csa PVF/PET/PVF Inner-PVF/Core-PET 54.6

sa30146 Flagstaff 2 Csb PVDF/PET PV Wafer: Si/Al 700-850

sa30023 Cleveland 4 Dfa PVF/PET/PVF PV Wafer: Si/Al 700-950

sa30029 Cleveland 4 Dfa FEVE Glass/Top-EVA 1600-2200 774

sa30020 Cleveland 4 Dfa THV/??? THV/Core-??? 550-650

sa30025 Cleveland 4 Dfa ???/PET/EVA Outer-???/Core-PET 500-750 143

sa30032 Cleveland 4 Dfa PVDF/PET/PVDF Outer-PVDF/Core-PET 950-1200

sa30163 Cleveland 4 Dfa PET
- Pending -

sa30035 Cleveland 4 Dfa PVDF/PET 635

Model Development

sa30151:

Unexposed 

AAA 

backsheet

sa30153:

Cfa, 4 years 

AAA 

backsheet

sa30155:

Csa, 5 years 

AAA 

backsheet

The most 

important 

variable: 

climatic 

zone

Piecewise model shows 

better predictive accuracy


