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Introduction and Motivation AREES
= Sales price of PV modules is based on STC measurements
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* Bifacial modules have higher performance (PR>100%) than
monofacial, due to the contribution of rear face irradiance
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» PV-moduies with unclear rating conditions were seen in the market
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Introduction and Motivation fAREE=
= Sales price of PV modules is based on STC measurements
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* Bifacial modules have higher performance (PR>100%) than
monofacial, due to the contribution of rear face irradiance
H TR mmsREB RN, ME R4 fe FAEAT K §100%

» PV-moduies with unclear rating conditions were seen in the market
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Do we need a supplementary rating test condition for bifacial

? module performance?
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Extension of STC needed? STCHYZE(HZHETNE ?

Rear cover glass

Bifacial solar cells

Front cover glass
/ oL

// g
Sunlight to the / Diffuse
module front / sunlight

S
4
/ // Reflected
% diffuse

( sunlight

Fielded bifacial PV modules
—> Field parameters greatly affected by rear side irradiance, Gg

WECAREH A AR BE IR AR B S EEARE RIS

—> Commercial bifacial module types vary in terms of bifaciality

(60-90%) <@ Grouns
A EFSENE BN E I ST AE rocs might
Consumer view: Additional power labelling to differentiate 7

Field parameter Bifacial
reference
conditions

products is necessary

MNEFHABEE | SYMITIRTREIFEVE
Reference Gg value for BSTC? BSTCHEEHSEIFERENS ?

Ray-tracing simulations: J¢Z&BISEMIRZESE 2

Albedo 0.21 (light soll)

Heightabove ground 1m
—> Rear side irradiance lies in the range 120-135 W/m?2for inclination angle 37
parameters given in the table using Radiance software crontside irradiance 10004

ARFFEMY , BEHEEEREEL120-135 Wim?,

Reference:

C. Deline et al., Assessment of Bifacial Photowoltaic Module Power Rating Methodologies - Inside and Out, IEEE Journal of Photowoltaics Vol. 7, No. 2 (2017)
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IEC 60904-1-2: Test Method for IV Measurement of Bifacial PV-Modules
IEC 60904-1-2: WHEFEIRAEI-VEZM 52

S — Isc, —
— g - g Prsc — 55— — %
S L o £ Iscy 2 %
© _ e © = 39 G £
= | G=1 kWi : = £ Voc, S ; o
= - £ B Pvoc — £ =
= E 5 g Vucf N @
© T © © X o
3 T S o ~ Pmax, A <

o = Ppmax — >

Z = Pmaxg

Gg, = 1000 W/m2 + ¢ * Gp, IEC 60904-1-2CD  Gg, = 100 W/m? Ggr, = 200 W/m? Gr, = XXX W/m?

@= Min (@lIsc, pPmax)

A TUVRheinland®
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Modelling Approach #Z#&%75i%

Rear cover glass Beam & Circumsolar - As definedin IEC 60904-3
Bifacial solar cells Irradiance
Front cover glass Diffuse Irradiance - As definedin IEC 60904-3
- Isotropic diffuse &mEIEMEGT
Sunfight to the Dniant Ground Albedo - Lambertian diffuse reflector Bi{E#FESIE
- Light sandy soil with spectral albedo as given in
SMARTSV. 2.9.5 SMARTSHYRRD+I¢iERETER
Reflected
/ diffuse Air Mass 1.5
sunlight Ground
\ Inclination angle 37°
Reflected
direct sunlight Frontside irradiance 1000 W/m?
______ Shading No near shading FEiiEs
= €c0SO - Eypp + Ry - Egp + P - R - E, PV-array design Single row, >10 modules BHHES , BHEAHEELRTF10
Global Tilted DirectBeam Diffuse Beam Albedo
Irradiance  Component  Component Component
REEE IELRE ) EVCRE va) ST iEiva)
TERRE
Reference:

C. Guyemard et al., “SMARTS2: A simple model of the atmospheric radiative transfer of Sunshine: Algorithms and performance assessment’, F SEC-PF-270-95 (1995) . . "
TUVRheinland
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Modelling Approach #Z#&%75i%

Rear cover glass Beam & Circumsolar - As definedin IEC 60904-3
Bifacial solar cells Irradiance
Front cover glass Diffuse Irradiance - As definedin IEC 60904-3
- Isotropic diffuse &mEIEMEGT
Sunfight to the Dniant Ground Albedo - Lambertian diffuse reflector BA{R4FESIE
- Light sandy soil with spectral albedo as given in
SMARTSV. 2.9.5 SMARTSH#RRD (i IR
Reflected
/ diffuse Air Mass 1.5
sunlight Ground
RiSdo Inclination angle 37°
Reflected
direct sunlight Frontside irradiance 1000 W/m?
_____ Shading No near shading /B
Es)\ - Rd . Ed)\ + pg)\ ' Izzbn)\ . Ebn)\ Yy Pgh - Rd ; Ed)\ PV-array design Single row, >10 modules %% , SHEAHEEE LT 10
Heightabove 1m
ground
Rear Face Diffuse Beam Albedo Albedo Module - Spectral Transmittance of Glass/EVA/Glass,
Tilted Component Direct Beam Diffuse Beam Transmittance Glass/POE/Glass structures REFEEMIETIE
Irradiance Component Component - Solar Cell Transmittance XBHeBhiESIER
AermiEnR T A EE LR BB R B - Angularresponse of bifacial modules fEIRE

Reference:
C. Guyemard et al., “SMARTS2: A simple model of the atmospheric radiative transfer of Sunshine: Algorithms and performance assessment’, FSEC-PF-270-95 (1995)

A TUVRheinland®
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Modelling Approach #Z#&%75i%

Rear cover glass Beam & Circumsolar - As definedin IEC 60904-3
Bifacial solar cells Irradiance
Front cover glass Diffuse Irradiance - As definedin IEC 60904-3
- Isotropic diffuse &mEIEMEGT
Sunfight to the 5::,,”,;‘:“ Ground Albedo - Lambertian diffuse reflector BB{E4EETE
- Light sandy soil with spectral albedo as given in
SMARTSV. 2.9.5 SMARTSH#RR) ¢ R ET=R
Reflected
/ diffuse Air Mass 1.5
sunlight Ground
RiSdo Inclination angle 37°
Reflected
direct sunlight Frontside irradiance 1000 W/m?2
______ Shading No near shading /i
- . + . . + ) - - . 3
Eq\ Ra - Ea Pga Rona + Epna Pgr Rg- Ear PV-array design Single row, >10 modules k%51 , SHEEAEHEXT10
Esn Eon Ean Ej @ Spectral irradiance components gfoigzgabo"e Lm
Rpnas Ras Ry Angular and field of view components Module - Spectral Transmittance of Glass/EVA/Glass,
P Spectral albedo Transmittance Glass/POE/Glass structures ARFIELEEEGTEE

- Solar Cell Transmittance XBHeEthiESI=
- Angularresponse of bifacial modules fElNR
Reference:

C. Guyemard et al., “SMARTS2: A simple model of the atmospheric radiative transfer of Sunshine: Algorithms and performance assessment”, F SEC-PF-270-95 (1995) . . .
TUVRheinland
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AM1.5G Spectral Irradiance at Rear Face Y4iFAML.5GRIESHEY LI
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e Accounting for the methodology used in SMARTS2, a physics-based model was created, which can
compute radiation distributions on tilted surfaces and their spectrum.

YIRS & SMARTS2HBIEH 752 | BILART i B A G R,

* |tis shownthatrear face irradiance distribution for PV-modules deployed in a singlerow at 1 m
above ground at conditions as defined in AM1.5G is strongly non-uniform.

—> Landscape mounting configuration is beneficial for bifacial modules.
ImTEEENCAREBHSEYOEERERAHS L5 A HaeEAaNEAERE.
* The spectral distribution of the irradiance at rear face is red-shifted due to spectral albedo effects.
B FIEES G , WEYGEE LR , AR hiE R R AR A TOVRhsiniand®
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Non-Uniformity of Irradiance and Average Photon Energy
BHERESHI I FRENIYNE ST

Irradiance at Rear Face Average Photon Energy at Rear Face ] _
* The rear face irradiance,

1.67 Gg lies in the range of 110-
180 W/m?.

a\ _ 1.665
E E —> Top-row: 110-145W/m?
2 150 2 11.66 => Bottom-row: 145-180W/m?
2 B HEAERREE110-180 W/mBBEIA :
8 08 S 08 , 11.655  THERE%%1)110-145W/m2
£ =
> 06 > 06- ! JECERRGF1145-180W/m?
ol y ~ 1% e The average photon
0o - s ENETgY (300-1200nm)
| | ' varies within 1.64-1.68eV
% 02 04 06 08 2 % 02 04 06 08 (<1.80eV of front face).
PV-module width [ Gp Wimg PV-module width [m] APE [eV]
, _ _ f£300-1200nm3E B YIS EFE
Example: 2m x 1m sized, frameless PV-module deployed in portrait £791.64-1.68eV,

configuration at 1 m above ground at conditions as defined in AM1.5G.
2m x ImGIOENEEHERESE | IEEOEEREAML 5CRHYSHHERRE S FeEn .
A TUVRheinland®
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IEC 60904-1-2: Test Method for IV Measurement of Bifacial PV-Modules
IEC 60904-1-2: WHEFEIRAEI-VEZM 52

- ‘T:U C ‘TEU Pisc — ey — 'T:U
o o S £ Iscy 2 £
IR P = 5 e - 2 le =
= | G=1kWim E S | G=1kWim? o Voc, S E; o
£ 2 £ 5 Pvoc — £ =
2 4 | ¢ E Vocy 2 E
E D 0 ‘ELE (© ‘tg
3 % 2 2 D Pmax, K <
2 > Ppmax Pm.axf >
Gg, = 1000 W/m2 + ¢ = Gg, IEC 60904-1-2CD  Gg, =100 W/m2 Ggr, = 200 W/m? Gr, = XXX W/m?
o= Min (@Isc, pPmax) 2PfG 2645/11.17 Gr, = 100 W/m? Ggr, = 200 W/m? Gr, = 135 W/m?
* Front irradiance: 1000 W/mz * Module temperature: 25° C
* Rear irradiance: 135 W/m? « Spectral irradiance: AM1.5G
* Equivalent irradiance: 1000 + ¢-135 W/m?
(1] 2PfG 2645/11.17: Supplementary Power Rating of Bifacial Photovoltaic (PV) Modules TUVRheinland®
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Comparison with Outdoor Measurements: Rear Face Horizontal Irradiance
KIFEEEYCEERERNER S P YNEUEXT L

rlls —Meas. GHI (AM1.2) | Measurement Conditions
g 16 £ Y . H "1 —Modelled GHI (AM1.2) Site: Cologne

rﬁ.: 1.4 -+ E -1 IR i_- —Meas. Rear Face HI (AM1.2) Date: 15/08/2018
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B i i i L ALk i i i Height; 1.5m

Eoc - S

Boa Qoo Fer B -t Model Parameters
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8 ’ , Y~
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Comparison with Outdoor Measurements: Rear Face Horizontal Irradiance
KIEFEEEYCOEEREEIER S PINEIHEXITL
1
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The Spectral Albedo was measured with a spectroradiometer
and two pyranometers (Rear Face HI,/GHI,).

JOEREIRBA—aIOE X EFMaERITIIE.

TUVRheinland®
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Comparison with Outdoor Measurements: Rear Face Horizontal Irradiance
KIFEEEYCEERERNER S P YNEUEXT L
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Comparison with Outdoor Measurements: Rear Face Horizontal Irradiance
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Comparison with Outdoor Measurements: Rear Face Horizontal Irradiance
IKEEEEI SRR
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Comparison with Outdoor Measurements: Rear Face Horizontal Irradiance
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Significance of Rear Face Spectral Irradiance for Bifacial Module Rating
B HYGE 7 X E SRR RERIRN

19
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| | L
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: A 14
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04.12.2018
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SMM;: SRyt and AM1.5G
SMM,: SR, and AM1.5G
SMM3: SR,y and AM1.5R

SMM¢,o:

1000 135
SMM, © P SMM,
1000 4 135-¢

SMM,3:

1000 , ~ 135
SMM, © P SMM,
1000 + 135-¢
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Significance of Rear Face Spectral Irradiance for Bifacial Module Rating

BES

R XIE AR RERFNY
S 10 Reference cell type: c-Si | Reference cell typg: c-Si pio
:g 8 ‘Lilght source: A nght source: B T 18
s 6+ N — N 6
= 4 4
2 e { 1 -
s 2t H 42
s 0 ﬁ? | B8 l B4y
8 2t | e
= | | ! | |
a8

SMM, SMM, SMM, SMM,, SMM,, SMM, SMM, SMM3 SMM,, SMM,

The rear tace spectral mismatch strongly depends on the reterence spectrum choice (AM1.5G or
AM1.5R)

BEYGEREAREUKIT 2= 08Ik,

The weighted spectral mismatch is not significantly affected by the rear face spectral distribution
choice (AM1.5G or AM1.5R)

IMBGGEREREZSE RN,

—> Practically AM1.5G can be used for both sides without significant error

20 04.12.2018 11t PVPMC, 4th — 5t Dec. 2018, Weihai, China
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@ Pmax

Bifaciality Coefficients Dispersion seen in Production
RSN ey Sl Sy s sl

100.00%
95.00%

90.00% -
85.00% + -

80.00%
75.00%

70.00% -
65.00% -

60.00%
55.00%
50.00%

_________________________________________

N-type #1 N-type #2 N-type #3 P-type #1 HJIT #1

@ Isc

100.00%

95.00% +---
90.00% -

85.00%
80.00%
75.00%
70.00%
65.00%
60.00%
55.00%

50.00% -

N-type #1 N-type #2 N-type #3 P-type #1 HJT #1

(&)

S
S 99.00% -
98.00% -

104.00% -
103.00% -

102.00%
101.00%
100.00%

97.00%
96.00%
95.00%

N-type #1 N-type #2 N-type #3 P-type #1 HJIT #1

The variation of bifaciality coefficients, ¢, was evaluated by measuring a series of modulesin
production (10-20 modules per type).

Bifaciality depends strongly on technology. Coefficients may vary from 60% to 90%

Bifaciality coefficients may vary from £2.0% to £5.0% (k=2) in production for as-produced
modules of the same family.

21 04.12.2018

accordance with gate #1 requirements.

11t PVPMC, 4th — 5t Dec. 2018, Weihai, China

—> BSTC tolerance shall account this variation to comply with supplementary label verification in

TUVRheinland®
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Verification of BSTC Values on the Label (Gate #1)

PR HBSTCHEREMERIIGUE/EN

Ppax (BSTC)

Ppax (BSTC)

V,. (BSTC)

I,. (BSTC) ‘\)\\

AN
Pz (BSTC) for minimum
power class

22 04.12.2018 11t PVPMC, 4t — 5t Dec. 2018, Weihai, China

A\

« Stabilized P,,,, of each sample with consideration of plus-
uncertainty = Nominal Power with consideration of minus-
tolerance

« Average of stabilized P,,,, values of all samples with
consideration of plus-uncertainty = Nominal Power

- Stabilized V. with consideration of plus-uncertainty <
nominal value on type label with consideration of plus-
tolerance

 Stabilized I, with consideration of plus-uncertainty <
nominal value on type label with consideration of plus-
tolerance

« Stabilized P,,,, with consideration of minus-uncertainty <
Nominal Power with consideration of plus-tolerance

TUVRheinland®
Precisely Right.



Conclusions &8

" Power labelling of bifacial PV modules is an urgent matter. Sufficient knowledge is available to define bifacial
reference conditions.

WEYHREMINRIFS AV E |, IEEEEEBENSENRRERT
= Bifacial Standard Test Condition (BSTC) has been proposed based on IEC 60904-1-2 CDTS and IEC 60904-3, which
intends to provide supplementary information on the label:

SWEFRENRR R4 ( BSTC ) BUSIEETFIEC 60904-1-2 CDTSHIIEC 60904-3 , BIETFIERSS HEMINREE
Bifacial Standard Test Conditions (BSTC) : ENERGY YIELD RATING

* Front irradiance: 1000 W/m?
* Rear irradiance: 135 W/m?2 ﬁn
« Equivalent irradiance: 1000 + ¢-135 W/m? N
« Spectral irradiance: AM1.5G B
. Module temperature: 25° C m-.q
= BSTC is a simple indicator, which is unsuitable for EY predictions. s o e Porformaon R kxfox (MEFL
BSTCRE—NMNUHEMY | FEEN BT REET, Operating Eficiency 14,8%
" Energy rating standard according to IEC 61853 should be extended for bifacial applications.
ETIEC 618530YINFIRErNER A RRINESSRB M. /A TOVRheinland®
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