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PERFORMANCE LOSSES AND RELIABILITY OF
PHOTOVOLTAIC MODULES
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 Performance issues

o Higher operating temperature

o Long term degradation

 Spectral issues - Outdoor

 Reliability issues

OUTLINE
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 Performance issues

oHigher operating temperature



Tmodule (oC) = 0.964*Tamb+ 0.028*Irradiance – 1.528*WindSpd + 4.3

Module Temperature Prediction – Open Rack

Model developed based on the monitored data of two identical set of modules
of varying technologies over 2 years at ASU (Arizona) and NREL (Colorado) locations.

Photograph of one set of modules (site: Mesa, AZ) 

a-Si
(double jn) 

CdTe Poly-Si Poly-Si
(EFG)

a-Si (triple jn) CIS Mono-Si
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Module Temperature Prediction – Rooftop
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Module Temperature Prediction – Rooftop
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4” Air Gap

0” Air Gap

Module Temperature Prediction – Rooftop
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Open-rack module & 
Ambient temperature sensor

Pyranometer &
Reference cell

Wind sensor

Data acquisition system

Module Temperature Prediction – Rooftop
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Effect of air gap and wind direction on module temperature

(Ambient temperature 41.4oC; Irradiance 1063 W/m2; Wind speed 1.5 m/s; Wind direction west to east – left to right)

Module Temperature Prediction – Rooftop
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Tmodule = w1* E + w2* Tamb+ w3* WS + c       (1) 

Where:  
Tmodule: module temperature (°C);  
Tamb: ambient temperature (°C);  
E: irradiance (W/m2);  
WS: wind speed (m/s);  
w1, w2 & w3 are coefficients and “c” is a constant 

Air Gap Irradiance (w1) Amb. Temp (w2) W.Speed (w3) Const.
0" 0.040 1.27 -1.01 -6.38
1" 0.037 1.21 -0.98 -4.28
2" 0.036 1.10 -1.08 -3.88
3" 0.035 1.03 -1.41 -1.37
4" 0.031 1.09 -1.69 -2.18

Coefficients

Module Temperature Prediction – Rooftop 
3-parameter model (based on May09 data)

An improved 4-parameter (ambient temperature, irradiance, wind 
speed and wind direction) thermal model is planned to be 
developed along with an extension of the data collection period 
from 1 month to at least 6 months.
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 Performance losses

oLong term degradation



Courtesy: NREL

Degraded at 0.25%/year.

FIELD DEGRADATION DATA (~8 years; Colorado)



Courtesy: BP Solar

FIELD DEGRADATION DATA (~10 years; Arizona)

Degraded at less than 0.1%/year.



Courtesy: Sandia

Degraded at ~0.4%/year

FIELD DEGRADATION DATA (~8 years; New Mexico)
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Hot Climate Annealing – Better Performance!

Year-1
ExposureInitial

Year-2
Exposure

Year-3
Exposure

Year-4
Exposure

FIELD DEGRADATION DATA (4 years – Round Robin Testing Brazil-Colorado-Arizona)



Microcracks and spectral transmittance of 
SILICONE superstrate of a PV module
(~27 years in the field; AZ) A piece of silicone 

superstrate was cut off from 
one module

Silicone superstrate after ~27 years of exposure:
Microcracks (unsafe under wet conditions)
Transmittance (> 40% transmittance loss at > 600nm)
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 Spectral issues - Outdoor



Analysis of Full Year Spectrum
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Site: Mesa, Arizona
(~21st day of month; ~12 noon)

Key point: Sunlight spectra, around noon on clear sky days, in all the months
are nearly / practically identical for this test site!

SPECTRAL QUALITY (OUTDOOR)

Average 0.18% -0.01% -0.17% -0.06% -0.03% -0.11% 0.15% -0.44% 0.06% 0.25% 0.42% 0.35%
Std dev 3.03% 2.06% 2.11% 2.96% 3.19% 4.03% 5.75% 2.77% 3.55% 4.29% 4.89% 4.17%
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Mismatch Factor vs. PV Technologies
Reference Cell A191(mono-Si) - 6-21-2007
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SPECTRAL CORRECTION (OUTDOOR) Site: Mesa, Arizona



Site: Mesa, Arizona
(~21st day of month; ~12 noon)



21

Reliability Issues
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Arcing – Interconnect break

Arcing – Junction Box

FIELD FAILURES
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Backsheet crumbling (Italy; 22 years)

Junction Box Cracking (Italy; 22 years)

FIELD FAILURES
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Failure: Qualification Testing & Certification at PTL



26 |

ACCELERATED TESTING

c-Si Failure Rate: 2007-2008
Qualification Testing (TUV Rheinland)

(Thermal
Cycling) 

(Damp
Heat) 



The test protocol 
provided in this report 
can be seen as falling 
between qualification 
testing and true 
accelerated life testing. 

The protocol can be 
used to compare the 
reliability of different 
modules on a 
quantitative basis. 

Test-to-Failure

ACCELERATED TESTING

Source: NREL



Determine if any modules have failed using the following criteria:

• Power output less than 50% of the initial Pmax (x-Si) 

• Power output less than 50% of the manufacturer’s Pmin rating following a 
recovery treatment (a-Si, CdTe, CIGS)

• Arcing in module circuitry or junction box 

• Failure of dielectric withstand test as defined in Sec. 10.3.5 of IEC 61215 

• Failure of wet insulation resistance test as defined in Sec. 10.15.4 of IEC 
61215 

• Leakage current greater than 50 μA during biased DH exposure 

• Open-circuit fault during forward biased TC 

• Development of major visual defects: - As defined in IEC 61215 sections 
7a, 7b, 7d, and 7e - Corrosion of any active part of the electrical circuit 
greater than 50% in area of any cell. 

ACCELERATED TESTING

Source: NREL

Test-to-failure

Source: NREL



Source: NREL

ACCELERATED TESTING

Test-to-Failure



Module Procurement: Possible Choices

Out of the Box Performance
(multiple temperatures and multiple irradiance levels;

Sandia method or IEC 61853-1) 

Out of the Box Performance
(one temperature and one irradiance level; IEC 60904-1) 

Test-To-Failure
(NREL protocol 

plus Qualification Testing plus Sandia or IEC 61853-1 ) 

Qualification Testing
(IEC 61215 or IEC 61646

plus Sandia or IEC 61853-1) 
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CERTIFICATIONS



Lifetime
Predictive

Models

Lifetime Prediction: A Potential Approach

RELIABILITY TESTING



Thanks for your attention!
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