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Low-purity
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raw materials to the finished module
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CZ crystallization Slicing Wafer Cell Module
I .

Inverter
“Silicon scrap
Crucible Ingot block Slicing Wafer Cell Module
~ Polycrystalline type

© IBCSOLAR



—— Structure of the IBC SOLAR modules

o seal

Ioluminium frame

front glass
EVA sheet
o solar cell

I ; EVA sheet
; I Ibock sheet

— Aluminium Frame
. —— Tempered Glass

—— Encapsulant - EVA

—— Solar cells

—— Encapsulant - EVA
— Back sheet

Junction Box
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Current market trends




—— Full vs. Half vs. Triple Cell

« Half Cut:

- Lower power loss

- Better shading management

« Triple Cut:
- More stress for the cell
- Error-proneness
- Higher production costs

- Shading advantages, strongly depend on the
interconnection (no standard design)

Vollzellen Halbzellen

Stromstarke (i) Stromstarke (i,) Stromstarke (i,)

Stromverlust = Stromstarke? x Widerstand
60 Vollzellen 120 Halbzellen

Bypass-Dioden 16,7% weniger Leistung

Bypass .|
Dioden

| i | il
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—— Wafer trends

- M10 + M12 wafers become the
predominant sizes

- Change from square to rectangular
wafers

- M6 wafers 2023 only for Meyer Burger

and Jolywood modules in IBC Solar
portfolio
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Baseline

196.75* 1596.75

210mm

2022 2023 2025 2027 2030 2033

m>G12:210.0 x 210.0 mm?
G12:210.0 x 210.0 mm?

mM10: 182.0 x 182.0 mm?

mM6: 166.0 x 166.0 mm?

mG1: 158.75 x 158.75 mm? and M4: 161.7 x 161.7 mm? Bildquelle: ITRPV Roadmap 2023

Area:

frear 44096mm?

Area: 33011mm2

hree 27416mm?

25199mm?

G1 Mé G12

Area 3.14% 1 Area 12.21% 1t Area 35.11% 1 Area 80.5% 1

158.75* 158.75 166 * 166 182 * 182 210* 210
223mm 223mm 247Tmm 295mm
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—— Module sizes

Wafer-Grole: M3

2004x1039mm

Wafer-GréEe: M10

‘Wafer-Grobe: M10+

- Significant increase of the size of
residential modules within 2 years
- Significant increase in size of power
plants modules
« Gradually decreasing frame height to
30mm (residential) or 35mm (power S s e e
plants) . s



Effects of the frame
height on the
system

Focus on the system

Cell breakage is not considered in the
standard

Unique selling point IBC Solar

Module manufacturer: test module
only

Mounting manufacturer: only
mounting

© IBCSOLAR



Current technologies




—— Classification of PV cells

Different cell technologies

World Market Share [%]
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SPGI2022 2022

= PERC on p-type mono-Si
= TOPCon on n-type mono-Si

w Si-heterojunction (SHJ) on n-type mono-Si

2023

2025 2027

= Back contact (p and n-type)
uBSF
= Si-based tandem
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Current technologies

Industrial Cell Efficiency [%)]
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M Leading product Tandem

ABack contact cells n-type mono-Si

O Silicon heterojunction (SHJ) cells n-type mono-Si

®Leading product (Topcon including w/ passivated contacts) n-type mono-Si

©Leading product (PERC, PERL, PERT or Topcon cells including w/ passivated contacts) p-type mono-Si

ITRPV 2023

Cc-Si p -[ype

SPGI2022 2022 2023 2025 2027 2030

m p-type and n-type casted u p-type Cz-Si

2033

m n-type Cz-Si

#® Leading product (PERC, PERL, PERT ) p-type mc-Si
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The path of efficiency

" p-type
Multi Mono
- >
n~23%
n~21% PERC
Al-BSF Rear local metal-contact

Rear 100% metal-contact 9% Shcode
AR coating
c-Si (n+)

Ag-grid electrode <Si (p)

Passivation layer

¢-Si(p)

Al back surtace fiekd
Full area Al-electrode

— Local contact electrode

2017 2018 2019

2020 2021

n-type

Tunnel silicon oxide

TCO

n-pert

>
n~25%
TOPCon
Rear passivating contact
Ag-grid electrode

AR coating
¢-Si (p+)

¢-Si(n)
Poly-Si (n+)

(dispensable)
Flectrode

HTJ/SHJ

Front-rear passivating contact

Ag-grid electrode
TCO

a-SiH (n+)
a-Si:H (i)

¢Si(n)

a-SiH (i)

a-Si:H (p+)

TCO
Ag-grid electrode
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—— N-type cell technologies

The second
The first generation generation

... The future development

TOPCON

Front/ Rear junction type

N-type
Technology

Mono-facial/ Bifacial light

receiving
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Example:
IBC MonoSol ES10-HC-N BF




IBC

AR

Have sun! /

tenblatt

IBC MonoSol
405 - 420
ES10-HC-N BF

Hochwertige Doppelglas-Solarmodule
aus monokristallinen Half-Cut-Zellen.

Verldngerte Leistungsgarantie
Garantierte langfristig hdhere Stromertrige dank der
TOPCon-Technologie.

Hohere Schwachlichtausbeute

Berets bei schwachem Licht, beispielsweise bei Dammerung
und an bewdlkten Tagen, findet eine erhdhte Stromproduktion
statt,

Bifaziale Stromerzeugung

% ertragsstarker dank beldseitig aktivem Modus
weiches sowohl Gber die Vordes- ais auch dber die Rockseite
Sonnenlicht aufnimmt.

Besserer Zellschutz
Die Front- und ROckseiten-Glasschi
Beschadigungen und Umwelteinf

schitzt die Zellen vor

Zudem profitieren Sie von:

einer positiven Leistungstoleranz (-0/+5W)
erhdhter mechanischer Stabilitat (5400 Pa)
einem deutschen Garantiegeber

100% geprifter Quatat

einer 30-jahngen Leistungsgarantie

einer 25-jahrigen Produktgarantie

1BC SOLAR ist Mitglied des Racknahmesyste

& 2
ge) take-e-back. Weitere Informationen finden Sie

unter www.take-e-back de.

WEEE-Reg. Nr. far Deutschland: DE 55734541

TOovE ENGINEEREDEN
. N RG]

GERMANY

solar de

wwwibe

c-30lande

) + Info@be

7
:

aricht 10, 96231 8ad S faistein +

« Am Hoch

SOLAR

—

Have sun!
405 ES10- 410 ESI0- 416 ES10- 420 ES10- Betricbsbedingungen
IBC MonaSol
HC-N BF IEI::G: BF - HC-N BF HC-N BF M. Syetarpaneng (V] e
Artikelnummer 2006200005 2004300004 004200007 2006200008 Anwercdungsklssse A
Rickstrombelastharkest Ir (&) 25
Elektrische Daten (STC) Abmcherung ab paralielen Strangen 2
STC Leistursy Pmax [Wp) 405 410 415 20 Schutzkasss 11 {DIN EN $1140)
STC Nennspannung Umpp (V) 313 N5 37 g Brandschutzidasse C [IEC $1730-ANSI/ULTR0)
STC Mennstrom Imgg (4) 1295 13,02 1210 1217 -
Mechanische Eigenschaften
STC Leedsufgpannung Uoc (V) 373 InE arr g
Abmessungen [L# B ¥ Hinmm) 1722 = 1134 » 30
STC Kurzschiussstiom ke (&) 1375 13,62 123 1378 Gewicht (i) s
Modubsirkungsgrad (%) 2047 2092 NIs s
bl Tiestlast, DruckZug (Pa) 54002400
Leisturgstoderanz (W) -0j+5 05 -Oj+6 -0f+5
M. zulssige Last?, Druck/Zug (Pa) 3800/1600
) 2.0 (emenarmes Solarglas mit
Elektrische Daten (NMOT) Frontabdeckung (mem) Atiefiexionsbeschichlung)
NMOT ) 2 az 2 P loniertes Alumiram,
00 W N YIS Rahuman Hehlkammesrahmengprafil
Leitturg h;::'[wm ao? an 315 38 eten 12 *9 manckristatine
300 Wjm N S Siliziumaelen
Nennspannung Umpp [V) 294 295 28 200 Anschlussyp EVO2
B00 W/m® NROT AM 15
Leeslaufspannung Uoc (V) 367 358 0 352 Garantien und Zertifizierung
> N |
BO0Wfm® NMOT 4M 15 109 114 nzz nazy Produktgarantie 25 Jahre
Kurzschlussstrom lsc (&) N N |
EaT Em— Leistungsgarantie 30 Jahre
el Witkungsgradreduwsieung o E 55 55
e 200 Wim? . . Jahr 10%
fm” (%) Jihriche Degradation “iahe 230 0%
IEC 81215, IEC 61730-1/-2,
Temperaturkostficient (linear) Zertifizierung 150 2001 15014001,
Ternpkoeff lsz (%,7C) 0.048 0046 0046 0045 OHEAE 100
Tempkoedf Uoc (mv)y™C) -F698 -9750 98,02 98,75 Verpackungsinformationen
Tempkoeff Pmpp (%,™C) -0,32 -0,32 -0.33 -033 Anzahl Module pra Palette 38
Anzahl Paletten prod0 Cortainer 26
Girode inkL Palette (L = B = H in mem) 1764 x 1140 1 1254
Bruttogawicht inkl. Doppsdpalatts fegl 918
‘Stapelbarkeit pro Pabette 2-fach

rifo@bc-solarde - wwwibc-solarde

10, #4231 Bad Staffelstein - Tel +49(0)9573-92240 -
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—— Cell structure TOPCon

PERC Topcon

SiNx AR Coating

SiNx AR Coating Basaivation

n+ emmitter )
P+ emmitter

p-Silicon substrate n-Silicon substrate

rear Passivation 3
Tunneling layer

SiNx AR Coating
n+ Poly

SiNx AR Coating
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—— Advantage 1: more efficient cells

26
25.5

N
NP
H U1 U»n

235

N
w

22.5

Module efficiency recordin %
N
N

21.5
21

Efficiency records from one of our suppliers over

the last few years

254

22.78

2017

23.45

2018

2019

==TOPCon

2020
Year

PERC

2021

2021E

Higher limit of efficiency

o

o

PERC cells: 24,5%

TOPCon cells: 28,2 — 28,7%

More energy production

o

Lower electrical losses
Higher currents/voltage

Negligible LID/LeTID degradation

Lower temperature coefficients



Advantage 2: Temperature coefficiency

- Efficiency increase of 16.5% (PERC =

Temperature progression

TOPCon)
400 397.86
. 380
- Improve real-world performance with
. _ 20
TOPCon: 2 — 3% Surplus < 360
E
340 356.35 ;
34407  “ 3%
320 332.22
Temperature coefficient (Pmax)
300

Poly Mono Mono PERC ~ Mono PERC HC TOPCon
25 30 35 40 45 50 55 60 65 70 75 80 85 90

-0.38 -0.37 -0.35 Cell temperature

= = TOPCon PERC




— Advantage 3/4: degradation + perfomance guarantee

100
98
96
94
92
90

88

Power Output (%)

86

84

82

80
0 5 10 15 20 25 30

Durationin years

B TOPCon M PERC
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—— Advantage 5: Low light behavior

- N-type cells have lower resistances

- Longer carrier life
= Better low light behavior

« Customer benefits:

=»storage can be charged approx. 2h per day longer

© IBCSOLAR



—— Advantage 6: Multi busbars

Per additional busbar
o 4% less internal resistance

- 0.18% more power output

Per additional busbar
- Shadingareaincreases by 0.18%

- Means0.11% power loss
Reduces the effects of micro cracks
Improves current transport

Reduces power losses

20.5

20

19.5

=
(\o)

18.5

Power loss in watts
l_\
[0)e]

=
N
(52

[y
N

16.5

16

Diameter Ribbons/ Number of Busbars/
Power loss

10BB

11BB 12BB

=—(0,28mm

13BB

14BB

optimal ratio

15BB

16BB 17BB






—— Advantage 7: Glass/Glass surface

Higher protection against
environmental influences

Better stability properties under snow and
wind loads

Better protection against animal damage




—— Advantage 7: Glass/Glass surface

mnger warranty periods

Higher return

Revenue protection




—— Advantage 7: Glass/Glass surface

/Increased cell protection against \
microcracks

© IBCSOLAR



—— Advantage 7: Glass/Glass surface

No water vapor, oxygen or other gases are
allowed through

/No degradation of the back side \




—— Advantage 7: Glass/Glass surface

Higher safety

Higher protection in case of fire
Can often be built closer to the fire wall

ATTENTION: always observe present
building regulations

Ll




—— Advantage 7: Glass/Glass surface

ﬁdditional income \

Longer product lifetime




—— Advantage 8: Bifaciality

- Additional income due to double-sided power Change Module Yield Comparison

generation Monofacial to Bifacial
. . . 540
- Vertical elevation possible and useful 525
520
- More efficient use of space
500
=
£
5 480
o
=
° 460
()
2
@]
& 240
Bifaciality factor technologies
Mono PERC TOPCon HIT 420

400
90%
50-70% 0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20% 22% 24%

Monofacial =Bifacial




Testing of bifacial
modules




4v10S 041 @
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Example of Bifac



—— Example of bifacial -
open area plant

- Existing soil

- Same land use
- Additional yield increased: 8.97%

- Increasing the excess yield with other
cell technologies

Specific yield in kWh/kWp

24.0
23.5
23.0
22.5
22.0
21.5
21.0
20.5
20.0

23.74

21.79

Monofazial Bifazial
Solar module type

© IBCSOLAR



Leistung in W

xample of Bifacia

ertical Alignmen

1750
1500
1250
1000
750
500

250

\
23. Aug.

03:00

I
06:00

— Siid-System

|
09:00

|
12:00 15:00

—— Ost/West-System

18:00

21
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—— Example of Bifacial -
Vertical Alignment

- 11.4% higher yield with elevation +
south orienation

« -3.2% less yield with elevation +
east/west orientation

- Yield maximization with south
orientation

Specific yield in kWh/kWp

64.0

62.0

60.0

58.0

56.0

54.0

52.0

50.0

62.77

Bifazial / Sud

56.35

Monofazial / Sud

Solar module type

54.55

Bifazial /
Ost/West



—— Example of Bifacial -
AeroFix system
east/west

« Test system:
comparison of silver& black roofing foil
- Additional yield @ (silver): 3.57%

- Sunny days: 4.24%

© IBCSOLAR



Why do we test
our products so
rigorously?




—— Our quality promise
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How do we secure our
quality promise?




TOUGHER THAN
EVERYDAY LIFE.

LAB



1 ‘ TEST:

DETERMINING | e
THE HIGREST ©
PERFORMANCE

__JOLOROROR0R0




2 ‘ TEST:

ELECTROLUMINESCE
MEASUREMENT OF
PV MODULES

OX  JORORORORO




3 ‘ TEST:

SIATIC
MECHANICAL
LOAD TEST

OROX  JORORORO

| _————
—
[__—



TEST

TEMPERATURE
CYCLING TEST

(1) @) @ (&) (&) ()



5 ‘ TEST:

MOIST
HEAT TEST

(1) @) ) @ )




6 |

DETECTION OF
VOLTAGE-INDUCED
DEGRADATION

OROROROROX RO




7. )

MEASUREMENT OF — = g
INSULATION RESISTANEE.




How does the test on
the load table work?




= . (D) N\ A . (D) e
: A FFEE ' - [Fe
S .
Temperature EL and Setup Testing EL and Report
control Performance Performance
Measurement Measurement
* Temperature control « Performance Determination of a * Performance * Test procedure with
of the module Radiant intensity: minimum satic load Radiant intensity: photo and vi.deo
1000 W/m? for a PV module 1000 W/m? documentation
Test temperature: Holding time: Test temperature: » TestSetup
425 °C 1 hour per cylce +25 °C . . Performance
Measure time: Repetition: Measure time: measurement
10 ms push cycles / 10 ms before and after
Standard: D 3 pull cycles Standard: ~ Movement of
IN EN IEC INEN IEC the module
- 61215-2:2021
61215-2:2021 . Test result
e EL * EL
Camera: Camera:
Model Great Eyes Model Great Eyes
GE 2048 2048 Fl GE 2048 2048 FI
Test temperature: Test temperature:
+25 °C (+/-5) +25 °C (+/-5)
Test duration: Test duration:
2 minutes 2 minutes
Standard: IE Standard: IE

C 82/1062/CD:2016

C 82/1062/CD:2016

© IBCSOLAR



E

Temperature
control

* Temperature control
of the module

7

EL and
Performance
Measurement

* Performance
Radiant intensity:
1000 W/m?

Test temperature:
+25°C

Measure time:

10 ms

Standard:

IN EN IEC
61215-2:2021

* EL
Camera:
Model Great Eyes
GE 2048 2048 FI
Test temperature:
+25 °C (+/-5)
Test duration:
2 minutes
Standard:
C 82/1062/CD:2016

v

v

v

v



E

Temperature
control

* Temperature control
of the module

7

EL and
Performance
Measurement

* Performance
Radiant intensity:
1000 W/m?

Test temperature:
+25°C

Measure time:

10 ms

Standard:

IN EN IEC
61215-2:2021

* EL
Camera:
Model Great Eyes
GE 2048 2048 FI
Test temperature:
+25 °C (+/-5)
Test duration:
2 minutes
Standard:
C 82/1062/CD:2016

v

AR

Setup

v



E

Temperature
control

* Temperature control
of the module

A

EL and
Performance
Measurement

* Performance
Radiant intensity:
1000 W/m?

Test temperature:
+25°C

Measure time:

10 ms

Standard:

IN EN IEC
61215-2:2021

* EL
Camera:
Model Great Eyes
GE 2048 2048 FI
Test temperature:
+25 °C (+/-5)
Test duration:
2 minutes
Standard:
C 82/1062/CD:2016

- A

Setup

»

»

1.

EEEH

-\

Testing

Determination of a
minimum satic load
for a PV module

Holding time:
1 hour per cylce

Repetition:
push cycles /
3 pull cycles

v



E

Temperature
control

* Temperature control
of the module

A

EL and
Performance
Measurement

v

AR

Setup

* Performance
Radiant intensity:
1000 W/m?
Test temperature:
+25°C
Measure time:
10 ms
Standard: D
IN EN IEC
61215-2:2021

* EL
Camera:
Model Great Eyes
GE 2048 2048 FI
Test temperature:
+25 °C (+/-5)
Test duration:
2 minutes
Standard: IE
C 82/1062/CD:2016

»
»

1.

EEEH

-\

Testing

Determination of a
minimum satic load
for a PV module

Holding time:
1 hour per cylce

Repetition:
push cycles /
3 pull cycles

v

P

EL and
Performance
Measurement

Performance
Radiant intensity:
1000 W/m?

Test temperature:
+25°C

Measure time:

10 ms

Standard:

IN EN IEC
61215-2:2021

EL

Camera:

Model Great Eyes
GE 2048 2048 FI
Test temperature:
+25 °C (+/-5)

Test duration:

2 minutes
Standard:

C 82/1062/CD:2016



v

@E

Temperature
control

* Temperature control
of the module

A

EL and
Performance
Measurement

¢ Performance

Radiant intensity:

1000 W/m?

Test temperature:

+25°C
Measure time:
10 ms
Standard:

IN EN IEC
61215-2:2021

* EL
Camera:
Model Great Eyes
GE 2048 2048 Fl

Test temperature:

+25 °C (+/-5)
Test duration:
2 minutes
Standard:

C 82/1062/CD:2016

v

AR

Setup

EEEH

Testing

-\

Determination of a
minimum satic load
for a PV module

Holding time:
1 hour per cylce

Repetition:
push cycles /
3 pull cycles

P

v

EL and
Performance
Measurement

¢ Performance

Radiant intensity:

1000 W/m?

Test temperature:

+25°C
Measure time:
10 ms
Standard:

IN EN IEC
61215-2:2021

* EL
Camera:
Model Great Eyes
GE 2048 2048 FI

Test temperature:

+25 °C (+/-5)
Test duration:
2 minutes
Standard:

C 82/1062/CD:2016

[

Report

Test procedure with
photo and video
documentation

Test Setup

Performance
measurement
before and after

Movement of
the module

Test result



What do we do more
than others?




—— Quality newly defined

ﬁests under real
conditions

Test setup including

installation.

Not required by IEC
standard.

\_

mounting identical to roof

~

/

G. Measurement \

EL measurement allows us
to guarantee the
performance of the
module.

Not required by IEC
standard.

\_ /

6ree tests

This means we exclude
fluctuations or "one hit
wonders".

According to the IEC
standard, only one test is
required.

\_

~

/




Our
quality standards
are unique!




—— Performance
deviations

- Not acceptable for IBCSOLAR :

Inactive cells

Cell fractures and critical micro cracks
which canlead to reduced performance
or damage of the module

< 3 % Maximum power loss

- |IEC permittedupto5 %







—— Optical deviations

- Not acceptable for IBCSOLAR :
Glass breakage
Mitre gap on the frame > 0,5 mm
Frame deformation
Damaged junction boxes
Failing the isolation tests

Residual clamping < 50 %

< 69 mm max. deflection/movement

© IBCSOLAR
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What we can
guarantee!




g testlabg,
s R
3

—— No stress if things go @
that far. < Tried

and tested
quality

« No loss of system performance due to
permanent wind and snow load on the
roof

- No premature ageing due to
environmental influences

- No material fatigue

[
<
-
o
(2]
o
®
©



Do you have any
guestions?
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