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Pre-standard nameplates: example 1 SERS ~{

Electrical Characteristics

Model Number = - LR6-60BP-295M LR6-60BP-300M LR6-60BP-305M LR6-60BP-310M
Testing Condition ( Front Back ) Front Back Front Back Front Back Front | Back
Maximum Power (Pmax/W) : '7 295 222 300 226 305 229 310 233
Open Circuit Voltage (Voc/V) 39.2 38.9 394 39.1 39.6 393 39.8 39.5 40.0 | 397
Short Circuit Current (Isc/A) 9.36 7.16 9.47 Tipa 9.58 #3d 9.69 7.42 9.80 7.50
Voltage at Maximum Power (Vmp/V) 32.6 333 32.7 335 32.9 33.7 331 33.8 33.2 34.0
Current at Maximum Power (Imp/A) 8.90 6.54 9.01 6.63 g.11 6.71 9.22 6.77 933 | 685

175 | 131 i78 | 134 18.1 136 18.4 13.8 18.7 14.0

STC (Standard Testing Conditions): lgsdiance 1000W/m?, Cell Temperature 25 C, Spectra at AM1.5

Electrical characteristics with different rear side power gain (reference to 300W front)

Pmax /W Voc/V Isc /A Vmp/V Imp /A ®

3315 39.6 9.94 32.9 9.58 5%
330 39.6 10.40 32.9 10.04 10%
360 39.7 11.35 32.8 10.98 20%

375 39.7 11.82 328 11.44 \\25_"/%

STC from both sides
Electrical characteristics with typical bifi power gains

LONGi Solar
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Pre-standard nameplates: example 2

SPECIFICATIONS

SERIS“Q

Module Type JKM295M-60-BDV
NOCT
Maximum Power (Pmax) 2 p 219Wp
Maximum Power Voltage (Vmp) 32.1v 29.2v
Maximum Power Current (Imp) 9.20A 7.51A
Open-circuit Voltage (Voc) 39.3v 36.2V
Short-circuit Current (Isc) 9.82A  7.95A
Module Efficiency STC (%) 17.66%

Operating Temperature(°C)
Maximum system voltage
Maximum series fuse rating
Power tolerance

Temperature coefficients of Pmax
Temperature coefficients of Voc

Temperature coefficients of Isc

I\ aag cell temperature (NOCT)

Refer. Bifacial Factor

JKM300M-60-BDV

STC NOCT
300Wp  223Wp
32.3V 29.4V
9.30A 7.59A
39.5V 36.4V
9.92A 8.03A
17.96%

JKM305M-60-BDV

STC NOCT STC NOCT

305Wp  227Wp 310Wp  230Wp

32,5V 29.6V 32.7V 29.7V
9.39A 7.68A 9.49A 7.75A
39.7V 36.6V 39.9V 36.7V
10.02A  8.12A 10.11A  8.18A
18.26% 18.56%
-40°C~+85°C
1500VDC (IEC)

20A

0~+3%

-0.38%/°C

-0.28%/°C

0.048%/°C

46+2°C

90+3%

JKM310M-60-BDV

JKM315M-60-BDV
STC  NOCT
315Wp  234Wp

328V 29.9V
9.58A 7.82A
40.1V 37.8V
10.21A  8.27A
18.85%

* Only STC values, front side (though not specified)

e Ref. Bifacial Factor
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Pre-standard nameplates: example 3  seris =

ELECTRICAL PARAMETERS

JNHM60-340 JNHM60-345 JNHM60-350 JNHM60-355 JNHM60-360
Max. Power at BSTC (Pmpp/W) 340 345 350 355 360
Output Tolerance (W) 0~+5 0~+5 0~+5 0~+5 0~+5
BSTC ax. Power Voltage (Vmp/V) 36.10 36.28 36.50 36.72 36.93
AM1 5, E=(1+0.135BiF)
1000Wim* ax. Power Current (Imp/A) 942 9.51 9.59 9.67 9.75
Cell Temperature 25°C _fOpen Circuit Voltage (Voc/V) 4272 43.01 4329 4357 43.84
Short Circuit Current (Isc/A) 9.93 9.99 10.03 10.07 10.12
Module Efficiency (%) 20.7 210 21.3 216 219
Max. Power at STC (Pmpp/W) 305 310 315 320 325
STC ax. Power Voltage (Vmp/V) 35.83 36.06 36.25 36.49 36.70
AM1.5, 1000W/m?
Cell Temperature 25°C 12X Power Current (Imp/A) 8.52 8.60 8.69 8.77 8.86
Open Circuit voltage (Voc/V) 4230 4254 4282 43.10 43.38
Short Circuit Current (Isc/A) 8.91 8.95 9.00 9.04 9.08

e Both STC and “BSTC” values
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IEC TS 60904-1-2 almost ready! SERIS Q¥

e January 2019 publication date, final vote approved

Step 1: Bifaciality measurement  Frontsice * Rear-side
characterization characterization
Isc,
Prsc =
e fSCf Il—h |
Voc, | I
@Vﬂc = V{JC}: I I
3 Pmax, I |
PrPmax = Pm{le | |
@ = Min(@sc. Ppmax) r r
G=1kWm>- G=1kWm?-

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

RESEARCH |
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IEC TS 60904-1-2 almost ready! SERIS Q¥

Step 2: Bifacial Gain determination

e Dual simultaneous illumination, or single-side at equivalent
irradiance levels G, :

Gy, = 1000 Wm™2 + ¢ - Gy, Pmax = (G) Pmax = f(Ge)
¢ = Min(Qsc, Ppmax) | I | i
|
 Example for ¢ = 80%, Or
Gg, =100 Wm™  Gg, = 200 Wm™2
>Gy, = 1080 Wm™2 G, = 1160 Wm™ I i

V. Fakhfouri, bifiPV workshop, October 2017 Konstanz DE
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IEC TS 60904-1-2 almost ready! SERIS Q¥

Step 3: To report

 Bifaciality coefficients: @;q., Pvoc, aNd Ppmgx

I, V., and P, 4, as a function of the rear side irradiance Gp
or equivalent irradiance Gy = 1000 + ¢ - Gy

* The power gain yield (i.e. the slope of P4, VS Gp)

* The power values at Gr=100 W/m? and Gr=200 W/m? :
Praxpirito and Praxgirizo

Values at STC from both sides
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Motivation for the 1st BiFi RR SERIS

NATIONAL

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; |[...]

Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB). Nz
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Participants to the 15t BiFi RR SER'Q...

ISO 17025 accredited laboratories B R
laboratories

SERIS (coordinator)==
Kiwa I
SUPSI Pasan
CEA-INES I CSEM-EPFLER
Pl-Berlin =

Fraunhofer-ISE ==
TUV-Rheinland ==l
AIST o

Pl-China |SC =
CPVT il ECN-TNO ==
JET o Eternal SUN e
AIT_

Group 1 Group 2 Group 3
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Testing samples SERIS QW

' B ' — Sl i & ik
LONGI Solar Jinko LONGI Solar Wasine. Jinid LONGI Solar Quad%w:;,ggﬁes 1

LRE-TZBR BIKu MODULE
i iz

350—'370M - T3pa Mancerystaling BiReka Hak-ma Satar boduk ..s

QP60 TPG-330/325/320/315/310

390231om

Hi-MOT High Efficiency Low Tt 3 5 I ]
LD Mono PERC Technology - -280 Watlt HI-MO2 High Efficlency Low i Hi-MO2 High Efficiency Low
2 = LID Bifacial PERC Technology LID Bifacial PERC Technology

Best Solution for Lower LCOE Best Solution for Lower LCOE

LRE-ROPE
290~310M

monofacial (REFERENCE)

P-type
PERC

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

60 cells 60 cells 60 cells 60 cells 60 cells 72 cells 12?4?”5 14‘:4?”5

P-type HIT N-type P-type N-type

PERC PERT PERC PERT EEL

poly-Si

Frame Frame Frame No frame Frame Frame No frame No frame
ﬁ;ﬁ’:ﬁ"{: E SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of —_ NUS 10
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Shipment

4 ATA cases

4 module/case &~
~100 kg/case B
ShockWatch® detectors
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The circulating path
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All samples at TUV now!
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What to measure

Electrical parameters
to be reported as per
IEC TS 60904-1-2:
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SERIS is a research institute at the National University ¢
Singapore (NUS) and Singapore’s National Research Founc

EDB

Measurand

Units

Comment

Bifaciality coefficient, ¢,

Bifaciality coefficient, @pqx

Bifaciality coefficient, ¢y,

Bifaciality coefficient, ¢ = min(@;s., @pmax )

I,. at Gz = 1000 W/m?

I,. at Gy = 1000 + 100¢ W/m?

I,. at Gz = 1000 + 200 W/m?2

Optional

V,. at Gy = 1000 W/m?

V,. at Gz = 1000 + 100 W/m?

V,. at Gy = 1000 + 2009 W/m?2

Optional

P at Gz = 1000 W/m?

P at Gz = 1000 + 100 W/m?

P at Gz = 1000 + 200 W/m?

Optional

I, of the rear side, STC

V,. of the rear side, STC

B, Of the rear side, STC

I, of the rear side at 100 and 200 W/m?

Optional

V. of the rear side at 100 and 200 W/m?

Optional

B, of the rear side at 100 and 200 W/m?

S < P S L PSS

Optional

SR of the front side

Optional

SR of the rear side

Optional

Mismatch factor to the front side at 1000 W/m?2

Optional

Mismatch factor to the back side at 1000 W/m?2

Optional

Slope' of P,,,, VS Gg




Statistical design: Proficiency Testing (PT) SERQ 4

1ISO 17043

Monofacial Modules (reference):

To calculate:
« g, = ZXPT the "z-score" All laboratories
l
opr(x)
Xi—XpT

;= the "E,_-score™ Only Groups 1 & 2

ke JUZ(x)+U%(xpr)

where:
* xpr IS the robust average from the labs of Group 1 (assigned value)
* opr is the robust standard deviation (PT st dev)

Bifacial Modules (acceptance criterium):

Groups 1 & 2 labs with |E,, | < 0.5 on monofacial will set the assigned
values xpr and opy for bifacial modules...

N"""’“{‘L EDB SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of EENU
s singap@re Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB). \?’i o



Statistical design: Proficiency Testing (PT) serll &

~

ISO 17043
o« z;=I7PT the "z-score" All laboratories
opr(x)

o Xi—XPT
ni —
JUZ(x)+U?(xpr)

E,, < 1.0 (satisfactory) E,, > 1.0 (unsatisfactory)

z<20 The PT is satisfactory
(satisfactory) Action: none

the "E,_-score™ Only Group 1 & 2

Action: check uncertainty

z>2.0 The result is too much biased and the
(unsatisfactory) reason should be clarified

: Action: check uncertainty & procedure
Action: check procedure yep

N‘““’“C"; ED SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of NUS 15
singap@re Singapore (NUS) and Singapore’s National Research Foundation (NRF) through the Singapore Economic Development Board (EDB). o
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Conclusions SERIS ¥

NATIONAL

Importance of aligning to an agreed international standard

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

15t International RR on commercial BiFi modules to assess
reproducibility is ongoing

See you to bifiPV 2019 for results!

EDB SERIS is a research institute at the National University of Singapore (NUS). SERIS is sponsored by the National University of EENU
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Thank you for your attention!

More information
mauro.pravettoni@nus.edu.sg
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