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Two methods proposed by the IEC 60904-1-2 standard

Method 1: | . Gcon'p approach vt [ e
Simultaneous measurement on both sides of the module with an Measurement principal i
irradiation of 1000W/m? on the front side and 100W/m? and 200W/m? R
on the back side: Step 1 Step 2 Step 3

=» PmaXzirio and PmaXaeiizo. | il i

|

Method 2: 1
a/ Measurement under 1000W/m? of the module on the front and back G=1kW/m? G=tkw/m? | | Goom
side. ISCont ISCrear 1SCecmp

=» Determination of the bifaciality coefficient

ISCoomp = (1+ 0.2 X Bifaciality) X Iscpon:

Gromp : reflectivity-compensated irradiance, when Isc=I5C. . | E C

b/ Front panel measurement at a power greater than 1000W/m?
determined by:

Gp. = 1000W/m? + ¢ x Ggr,  GRri= 100W/m? et 200W/m?
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BIFACIAL OUTPUT-REARSIDE POWER GAIN B e
JInk

Maximum Power (Praax) IDEWE A0AWp 410Wp A15Wp 420Wp
5%

Madule Efficiency 5TC (%) 19.49% 19.76% 20,00% 20.26% W0.5T%
Maximum Power (Pmax) 43TWp 443Wp 449Wp 4580Wp 4600Wp
15%  madule Effic ency STC (%) 21,35% 21,63% 21.91% 22,18% 12 47%
— Maximum Power (Pmax) 475Wp 4E1Wp 438Wp AN R S00Wp
Madule Efficiency 5TC (%) 23.20% 23.51% 23.81% 24,12% 24.42%
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Trina Solar's DUOMAX-Twin Linear Performance Warranty

0.5% Annual Degradation
Over 30 years

"

» The switch to the two-glass bifacial is accompanied by an improvement in the power guarantee.
* From 25 to 30 years, which is explained by a linear annual deterioration reduced to 0.5%/year

» The replacement of EVA encapsulant by POE also supports this trend (PID link).
* The two-glass design has a better potential in terms of reliability/sustainability

» However, this better potential is not an absolute guarantee.
* The manufacture of modules glass/glass of poor quality is possible (quality defect (processes...), cells,
encapsulant...)
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0, = Pmaxpgeqr @ _ ISC,rear ® . VOC,rear Orp = FFrear
n = Isc — Voc FF —

- VOC,front FFfront

Parameters influencing ¢

» Cell simmetry
» Metallization
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Cell Technos

e 2020 : several candidates for the next generation towards yields by 25%.

Used for GOPV
N-type Heterojunction
PERC+ cell N-type TOPCON e
A AN AV AN A, W Passivation stack . . . .
i —~ ..l Bifaciality = Yield Front
n-type C2 Si water . o .
8SF _— Tunnel Si0, SIdE/YIEld BaCk Slde
AIO,/SiNy g 24 ARV IV s ol Iip a-SfH
Aluminum n - 14 : SiN,:H
Rear Ag contacts
Bifacialité: 70-80% Bifacialité: 85-90% i
Bifacialité: 90-98%
248 98%
— 215} 97%
E 247 } 96% ?
2l s« = = Trade-off between bifaciality and efficiency
g 246 } T —— 94% g
E mor — Bifaciality factory 93%
24.5 0 5 l092% GoPV Project | 1st TRAINING COURSES
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Cells Wafer

Used for GOPV ‘

33,1 cm?

25 9 em? 25,8 cm? 27,4 cm?

24,4 cm?

156,75 mm 158,75 mm 161,7 mm 166 mm 182 mm 210 mm

Four main wafer sizes will coexist in the next few years:
G1, M6, M10, M12

G1 wafer = industry standard in 2020; M2 fast decline

166 mm (M6) launched by Longi mid 2019

210 mm (G12) launched by TZS in Aug 2019

182 mm (M10) adopted by 7 leading companies in June 2020
210 mm supported through the creation of 600W+ Photovoltaic
Open Innovation Ecological Alliance ( 57 members in sept. 2020)
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Interconnection

G/G modules

s

_____

GOPV First Production campaign

Y2 cut cells interconnection
144 cells

GOPV Second Production campaign
4BB - 5BBs - MBB

R

Gap less interconnection

Shingle modules

B\
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Design Evolution

.........

Component variations:
» Rear side: Glass (thickness 2.5mm) or Transparent Backsheet
» Periphery: Standard aluminium frame, mini frame, no frame

Analysis conducted on the bifacial modules offered on the market

» The absence of a frame favours glass thicknesses of 2.5mm for mechanical reasons.

» Glass/Glass Design with frame is the current dominant format on the market
Nevertheless, manufacturers seem to deviate from this design (breakage/fastening
system compatibility).

» The use of transparent Backsheet is gaining interest (Decrease of 30 % of weight)
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GOPV Production BOM

> Bifacial HJIT module 72 cells layout (M2): 370w ==mp| CTM 96/97 % |P (W)
» Cell thickness: 120 um; Ag per cell: 140 mg; 6 BB

» Cell interconnection by glueing technology

» ECA per half-cell: 30 mg (ribbon width: 0.8 mm)

» Glass-glass encapsulation
» AR/AS coating : Closed-cell mesoporous silica

Porous silica coating
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GOPV Production Stringer

String removal system

Screen printing part

Industrial stringer prototype
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GOPV Production Stringer

Ribbons parameter
- 0.8 mm width, textured

7@

Cell size
- M2

- Down to 120 pm
thick

Peel force > 0.5 N/mm

ECA

- Acrylic
- 10 mg/Busbar

mmmms) Curing 15/20 s at 170°C

Interconnexion method Throughput
- Gluing/soldering with positive gap - Up to 1200 cells/hour

Industrial stringer prototype
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Thank you for your attention!
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