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Pre-standard nameplates: example 1

• STC from both sides
• Electrical characteristics with typical bifi power gains
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Pre-standard nameplates: example 2

• Only STC values, front side (though not specified)
• Ref. Bifacial Factor
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Pre-standard nameplates: example 3

• Both STC and “BSTC” values
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IEC TS 60904-1-2 almost ready!

5

• January 2019 publication date, final vote approved 

V. Fakhfouri, bifiPV workshop, October 2017 Konstanz DE
Non-irradiated background

Step 1: Bifaciality measurement
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IEC TS 60904-1-2 almost ready!

V. Fakhfouri, bifiPV workshop, October 2017 Konstanz DE

Step 2: Bifacial Gain determination

• Dual simultaneous illumination, or single-side at equivalent 
irradiance levels 𝐺𝐸𝑖

:

𝐺𝐸𝑖
= 1000 𝑊𝑚−2 + 𝜑 ∙ 𝐺𝑅𝑖

 𝜑 = 𝑀𝑖𝑛(𝜑𝐼𝑠𝑐 , 𝜑𝑃𝑚𝑎𝑥

• Example for 𝜑 = 80%,

𝐺𝑅1
= 100 𝑊𝑚−2

→𝐺𝐸1
= 1080 𝑊𝑚−2

𝐺𝑅2
= 200 𝑊𝑚−2

→𝐺𝐸2
= 1160 𝑊𝑚−2
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IEC TS 60904-1-2 almost ready!

Step 3: To report

• Bifaciality coefficients: 𝜑𝐼𝑠𝑐, 𝜑𝑉𝑜𝑐, and 𝜑𝑃𝑚𝑎𝑥

• 𝐼𝑠𝑐, 𝑉𝑜𝑐, and 𝑃𝑚𝑎𝑥 as a function of the rear side irradiance 𝐺𝑅

or equivalent irradiance 𝐺𝐸 = 1000 + 𝜑 ∙ 𝐺𝑅

• The power gain yield (i.e. the slope of 𝑃𝑚𝑎𝑥 vs 𝐺𝑅)

• The power values at 𝐺𝑅=100 W/m2 and 𝐺𝑅=200 W/m2 :
𝑃𝑚𝑎𝑥𝐵𝑖𝐹𝑖10 and 𝑃𝑚𝑎𝑥𝐵𝑖𝐹𝑖20

• Values at STC from both sides



SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of

Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB).
8

Motivation for the 1st BiFi RR

ISO/IEC 17025:2017

7.2.2 Validation of methods

7.2.2.1 The laboratory shall validate non-standard methods, 

laboratory-developed methods and standard methods used 

outside their intended scope or otherwise modified.

NOTE 2 The techniques used for method validation can be one of, or a 

combination of, the following:

[…]

e) Interlaboratory comparisons;

7.7 Ensuring the validity of results

7.7.2 The laboratory shall monitor its performance by comparison with 

results of other laboratories, where available and appropriate. This 

monitoring shall be planned and reviewed and shall include, either or 

both of the following:

(a) Participation in proficiency testing; […]
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Participants to the 1st BiFi RR

ISO 17025 accredited laboratories
Non-accredited 

laboratories

NREL 
JRC 

Fraunhofer-ISE 
TÜV-Rheinland

AIST

SERIS (coordinator)
Kiwa
SUPSI

CEA-INES
PI-Berlin
PI-China

CPVT
JET
AIT
CFV 

Pasan
CSEM-EPFL

CSIRO
ISC

ECN-TNO
Eternal Sun

Group 1 Group 2 Group 3
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Testing samples

monofacial (REFERENCE) bifacial

P-type 
PERC

poly-Si
P-type 
PERC

HJT
N-type
PERT

P-type
PERC

N-type
PERT

poly-Si

2 samples 2 samples 2 samples 2 samples 2 samples 2 samples 2 samples 2 samples

60 cells 60 cells 60 cells 60 cells 60 cells 72 cells
120 cells 

HC
144 cells 

HC

Frame Frame Frame No frame Frame Frame No frame No frame
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Shipment

4 ATA cases

4 module/case

~100 kg/case

ShockWatch® detectors
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The circulating path

All samples at TÜV now!
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What to measure

Measurand Units Comment 

Bifaciality coefficient, 𝜑𝐼𝑠𝑐  [-]  

Bifaciality coefficient, 𝜑𝑃𝑚𝑎𝑥  [-]  

Bifaciality coefficient, 𝜑𝑉𝑜𝑐  [-]  

Bifaciality coefficient, 𝜑 = min(𝜑𝐼𝑠𝑐 ,𝜑𝑃𝑚𝑎𝑥   [-]  

𝐼𝑠𝑐  at 𝐺𝐸 = 1000 W/m2 A  

𝐼𝑠𝑐  at 𝐺𝐸 = 1000 + 100𝜑 W/m2 A  

𝐼𝑠𝑐  at 𝐺𝐸 = 1000 + 200𝜑 W/m2 A Optional 

𝑉𝑜𝑐  at 𝐺𝐸 = 1000 W/m2 V  

𝑉𝑜𝑐  at 𝐺𝐸 = 1000 + 100𝜑 W/m2 V  

𝑉𝑜𝑐  at 𝐺𝐸 = 1000 + 200𝜑 W/m2 V Optional 

𝑃𝑚𝑎𝑥  at 𝐺𝐸 = 1000 W/m2 W  

𝑃𝑚𝑎𝑥  at 𝐺𝐸 = 1000 + 100𝜑 W/m2 W  

𝑃𝑚𝑎𝑥  at 𝐺𝐸 = 1000 + 200𝜑 W/m2 W Optional 

𝐼𝑠𝑐  of the rear side, STC A  

𝑉𝑜𝑐  of the rear side, STC V  

𝑃𝑚𝑎𝑥  of the rear side, STC W  

𝐼𝑠𝑐  of the rear side at 100 and 200 W/m2 A Optional 

𝑉𝑜𝑐 of the rear side at 100 and 200 W/m2 V Optional 

𝑃𝑚𝑎𝑥   of the rear side at 100 and 200 W/m2 W Optional 

𝑆𝑅 of the front side A/W Optional 

𝑆𝑅 of the rear side A/W Optional 

Mismatch factor to the front side at 1000 W/m2 [-] Optional 

Mismatch factor to the back side at 1000 W/m2 [-] Optional 

Slope1 of 𝑃𝑚𝑎𝑥  vs 𝐺𝐸 m2  

 

                                                
1 If 𝑃𝑚𝑎𝑥  at 𝐺𝐸 = 1000 + 200𝜑 W/m2 is provided, can be obtained by linear regression of the reported data. 

Otherwise an additional measurement at a third 𝐺𝐸 value is recommended. 

Electrical parameters 
to be reported as per
IEC TS 60904-1-2:
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Statistical design: Proficiency Testing (PT)
ISO 17043

Monofacial Modules (reference):

To calculate:

• 𝑧𝑖 =
𝑥𝑖−𝑥𝑃𝑇

𝜎𝑃𝑇 𝑥
the ʺz-scoreʺ All laboratories

• 𝐸𝑛,𝑖 =
𝑥𝑖−𝑥𝑃𝑇

𝑈2 𝑥𝑖 +𝑈2(𝑥𝑃𝑇 
the ʺEn-scoreʺ Only Groups 1 & 2

where:

• 𝑥𝑃𝑇 is the robust average from the labs of Group 1 (assigned value)

• 𝜎𝑃𝑇 is the robust standard deviation (PT st dev)

Bifacial Modules (acceptance criterium):

Groups 1 & 2 labs with 𝐸𝑛 < 0.5 on monofacial will set the assigned 

values 𝑥𝑃𝑇 and 𝜎𝑃𝑇 for bifacial modules…
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Statistical design: Proficiency Testing (PT)
ISO 17043

• 𝑧𝑖 =
𝑥𝑖−𝑥𝑃𝑇

𝜎𝑃𝑇 𝑥
the ʺz-scoreʺ All laboratories

• 𝐸𝑛,𝑖 =
𝑥𝑖−𝑥𝑃𝑇

𝑈2 𝑥𝑖 +𝑈2(𝑥𝑃𝑇 
the ʺEn-scoreʺ Only Group 1 & 2

𝑬𝒏 ≤ 𝟏. 𝟎 (satisfactory) 𝑬𝒏 > 𝟏. 𝟎 (unsatisfactory)

𝒛 ≤ 𝟐. 𝟎
(satisfactory)

The PT is satisfactory
Action: none

The claimed uncertainty is too low, but 
the result fills the requirements of the PT

Action: check uncertainty

𝒛 > 𝟐. 𝟎
(unsatisfactory)

The result is within the claimed 
uncertainty, but not within the 

limits of the PT
Action: check procedure

The result is too much biased and the 
reason should be clarified

Action: check uncertainty & procedure
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Conclusions

• Importance of aligning to an agreed international standard

• IEC TS 60904-1-2 almost available: congratulations to Vahid 
Fakhfouri & team for the precious work

• 1st International RR on commercial BiFi modules to assess 
reproducibility is ongoing

• See you to bifiPV 2019 for results!
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Thank you for your attention!

More information

mauro.pravettoni@nus.edu.sg

mailto:mauro.pravettoni@nus.edu.sg

