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Solar Photovoltaics

Training Testing

Personnel Å Product
Å Plant
Å Manufacturing
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TrainingStandards:
Å e.g. NABCEP (installer)

Testing Standards:
Å Product (module): IEC 61215 (quality), IEC 61730 

(safety), IEC 60904 & 61853 (performance)
Å Plant: IEC 62548 / 62738 (design), IEC 62446 / 61829 

(commissioning), IEC 61724 (operation)
Å Manufacturing: IEC TS 62941 (supplement to ISO 9001)

Accreditation Standards:
ISO/IEC 17024

Certification Body 
(e.g. NABCEP)

Certification Body
(e.g. TUV Rheinland)

Accreditation Body
(e.g. A2LA)

Accreditation Standards:
Å Product: ISO/IEC 17025
Å Plant: None
Å Manufacturing: ISO 9001
Å Manufacturing Inspection: ISO/IEC 17020

Accreditation Body 
(e.g. ANSI)

International Laboratory 
Accreditation Cooperation (ILAC)
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Certification and Accreditation  Bodies: 
Relationship and Examples

Source: UNIDO-BEST

Accreditor = Accreditation Body = Pakistan National Accreditation Council (PNAC) 
Laboratory = Certification Body = None yet in Pakistan for PV 
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Module Qualification Standard
IEC 61215
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Accelerated Testing

Qualification Testing Reliability Testing

Limitation: Short-term field issues 
(<8 years)

Merit: Long-term issues
(25-30 years)

Purpose: Market introduction Purpose: Warranty protection/demonstration

Pass/Fail Testing
Extended qualification 
testing until failure

Climate- or Failure 
mode-specific testing 
until failure

AcceleratedQualification Testing vs. Reliability Testing

May not be suitable 
for lifetime prediction

Suitable for lifetime prediction 
(acceleration factor, activation energy etc.)

Factory Inspection

Qualification Certificate
(not a warranty certificate)
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Accelerated  Testing of PV Modules ς2013 Review



Accelerated  Testing - Concept
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Nameplate Rating Practice by the Industry

Issue:  Over/Under Rating vs. Demand/Supply(1932 modules tested)



╟□╪●(╛╪╫) Ͻ +
□ %

╟□╪●(ἚἜ)  

 

╟□╪●╛╪╫= Lab measured average

m1 = Lab measurement uncertainty

NP = Nameplate nominal

NOTE: Typical lab uncertainty is about 2%; so, this requirement limits 
overrating to maximum of 2%
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Nameplate Rating: Limiting Manufacturer Manipulation

Solution: EN 50380 (ed. 2), UL 4730 and IEC 61215 (ed. 3) standards



1. Visual inspection;  Initial Stabilization (LID, light induced degradation)
2. Maximum power determination
3. Insulation test
4. Wet leakage current test
5. Measurement of temperature coefficients
6. Measurement of nominal operating cell temperature (NOCT)
7. Performance at STC
8. Performance at NOCT
9. Performance at low irradiance
10.Outdoor exposure test
11.Hot-spot endurance test
12.UV preconditioning test
13.Thermal cycling
14.Humidity-freeze test
15.Damp-heat test
16.Robustness of terminations test
17.Mechanical load test
18.Bypass diode test
19.Hail test

IEC 61215 Tests ςDesign Qualification Tests



Summary of IEC 61215 Stress Tests

Å200 Thermal Cycles from -40°C to + 85°C with peak power 
current flow during heating portion.

ÅDamp Heat Exposure 85°C/85% Relative Humidity for 1000 
hours.

ÅSequenceof UV Pre-conditioning/50 TC/ 10 Humidity Freeze 
Cycles (85°C/85% RH to -40°C)

ÅHot Spot Test
ÅBy-Pass Diode Thermal Test
ÅHail Test
ÅMechanical Load Test (3cycles of 2,400 Pa uniform load, applied 

for 1 h to front and back surfaces in turn + optional snow load 
of 5,400 Pa during last front cycle.)

Source: John Wohlgemuth, PVSC Workshop, 2011 



Failure rate vs. Demand/Supply

Failure Rate in Qualification Testing per IEC 61215

Source: TamizhMani et al.



Do present tests in IEC 61215 represent 25 years of outdoor stress?

Å200 Thermal Cycles: No
ÅHumidity-Freeze: Yes, this is a test for adequate construction and 

so it tests for infant mortality not lifetime limitation. 
ÅDamp Heat: Unclear since module never sees 85/85, but longer 

test times will likely yield improved lifetimes.
ÅMechanical Load: Okay for structure but not components of 

circuit. 
ÅHail Test: Yes
ÅBy-Pass Diode Thermal Test: Okay for thermal stress, may need an 

electrical stress test too.
ÅHot Spot Test: Edition 3 test is probably adequate
ÅUV Test : Absolutely not

Source: John Wohlgemuth, PVSC Workshop, 2011 

IEC 61215 Testing is NOT a Lifetime Testing



Passed IEC 61215 qualification testing =Modules are not 

typically expected to fail in less than 5 to 8 years

IEC 61215 qualification testing #Lifetime or warranty testing

Key takeaway about IEC 61215 Qualification Testing



Beyond Qualification Testing

ÅIssue:  No consensus standard/protocol available beyond qualification testing
ÅSolution 1: One possible solution is to ask for the Qualification PLUS certificate



Climate- or Failure Mode-Specific Testing
ÅIssue:  No consensus standard/protocol available beyond qualification testing
ÅSolution 2: Another possible solution is to ask for the climate- or failure mode-

specific test results



Preliminary list of Equipment - PV Module Certification Testing and Reliability Research 299,600$      31,458,000$ 

S/No Details of Equipment Potential Vendors ~US$ ~PRs.

Useful for both 

certification and 

reliability labs?

1
Current-voltage curve tracer to measure I-V 

curves using outdoor natural sunlight

DayStar (preferred); Solmetric 

(acceptable).
27,000 2,835,000

Yes

2 Reference cells (2 cells) PV Measurements, Inc. 2,600 273,000 Yes

3
Manual 2-axis tracker to track the sun during 

I-V measurements

Homemade with guidance from 

ASU-PRL
2,000 210,000

Yes

4 Dry hipot and wet resistance tester
Associated Research, Inc. USA 

(Model 7710)
6,000 630,000

Yes

5 Infrared camera Fluke Ti55FT 14,000 1,470,000 Yes

6 Electroluminescence camera Sensovation 8,000 840,000 Yes

7 Fixed-tilt racking system
Homemade with guidance from 

ASU-PRL
1,000 105,000

Yes

8 Data acquisition system Campbell Scientific 13,000 1,365,000 Yes

9 Bypass diode tester Togami Ti55FT 1,600 168,000 Only for Reliability Lab

10 Mesh screens to change the irradiance levelsMani will provide the info later 400 42,000
Yes

11
Cooling accessary to change the module 

temperature

Homemade with guidance from 

ASU-PRL
2,000 210,000

Yes

12
A small environmental chamber for small PV 

module stress tests
Espec Japan 140,000 14,700,000

Yes

13
High voltage potential induced degradation 

tester

Keithley 2700 Multimeter/DAS; 

Power supply Stanford Research 

Systems, Inc. (Model 

PS350/5000V-25W)

12,000 1,260,000

Yes

14 Soiling station
Homemade with guidance from 

ASU-PRL
1,200 126,000

Yes

15 Indoor PV cell tester PV Measurements, Inc. 25,000 2,625,000 Only for Reliability Lab

16 UV-induced visible flourescence tester
Homemade with guidance from 

ASU-PRL
600 63,000

Only for Reliability Lab

17 Weather station Campbell Scientific 2,800 294,000 Yes

18 Mechanical load tester
Homemade with guidance from 

ASU-PRL
400 42,000

Yes

19 PV module mini-laminator Chinese or Japanese manufacturers40,000 4,200,000 Only for Reliability Lab



Module Performance Standards
IEC 60904-1, 1853-1
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Performance measurements using IEC standards ςKey References

JRC Publication ASU Publication
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Difference between IEC 60904-1 (only one test condition, STC)
and IEC 61853-1 (23 test conditions)

STC
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Difference between IEC 60904-1 (only one test condition, STC)
and IEC 61853-1 (23 test conditions)

Known test conditionUnknown operating condition

IEC 60904-1 Translation = Less accurate

IEC  61853-1 Translation = Most accurate


