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“ Production Capacity AIKO™

FIND YOUR POWER

5 Production bases

61GW

Annual Cell production capacity

25GW

ABC Module capacity
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* AIKO Tech Milestones NIKO

Achieve carbon neutrality with Burgenland 2030 -=
Energie in Burgenland, Austria

ABC module delivery efficiency 24%-+ 2023 -

First to launch ABC module worldwide 2022

Invented ABC cell (efficiency 26.5%) 2021 -

Massive production of 210mm cell globally 2020
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Introduced tubular
PERC technology 2016

AIKO Founded 2009
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Global layout

Research and development
investment in recent three years

350 mnsg+

International research and development platform
Global Photovoltaic Joint Innovation Center
Solarlab AIKO Europe

¥ W Canada

m Overseas sales network

B Production base

B R&D platform

0 Subsidiary

W America ]

The planned capacity
of N -type cells

86 cw

Five major production bases
Foshan Yiwu Tianjin Zhuhai Jinan

Solarlab Aiko Europe

Germany
Netherlands
Austria -

France

uk 8 g
s fx = 1] Dill
-
Portugal(ﬂf) It}aly P -
Spain,l:l//(/,,, e
p &

. ( u ~J
> (
™ Morocco

Tunisia

W Brazil

Poland

/r,//f;f >
A / e
S (((

MW Estonia

M Turkey

N

B Jordan

B Saudi Arabia

NIKO™

FIND YOUR POWER

<= e

Photovoltaic Center S
O
Yiwu Base 7 o >
Shandong Base
Czech Republic 9 ‘
Slovenia Tianjing Base |
Croatia Korea

. u |
| *m
Zhuhai Base ‘_l OJapan

Foshan Base y. :
Hm @ Taiwan

B S - Thailand
] N Q.
India B Vietnam
| Malaysia
Singapore [} U Indonesia
W Australia
.
) /,
(s



In EU for EU _ local team

EU local Team-more than 60 local employees
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® End to End Industrial Chain

.
PolySilicon

_ quality/cost control

Cell

Module

NKO™

FIND YOUR POWER

-

One -stop
Solution




AIKO ABC Product Portfolio NIKO¥

FIND YOUR POWER

Residential Scenario C&l Scenario Utility Scenario
23.8% 440 -465W 24.0% 595 -620W 23.7% 605 -625W
Delivery Efficiency Delivery power rate Delivery Efficiency = Delivery power rate Delivery Efficiency Delivery power rate
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B ABC Dual-Glass | i ABC Dual-Glass 7 7 r 3
White Module - 54cell Black Module -54cell ABC Single-Glass White ABC Single-Glass Black
L J L | Module -72cell | 3 Module -72cell 5

' ABC Bifacial Dual -Glass '
| White Module -72cell i

r
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—— 3 . r " x
ABC Single-Glass ABC Single-Glass " ABC Dual-Glass White ABC Light Weight

] White Module -54cell | E Black Module -54cell 4 i Module -72cell | | Module -54cell




[
Efficiency Limits

A c-Si Solar cell technology is a single junction
technology (1 p -n junction).

A theoretical efficiency limit of SJ cell:
GaAs: ~32.5% (Eg = 1.41 eV)
Si: 29.4% (due to Auger recombination).

A Siworld record: 26.8 % by LONGi on HJT technology
(certified value)

A Aiko laboratory ABC cells 26.5% (not certified)

A very little room left for efficiency improvement
in c-Si technology
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Auger limit

M. Hermle, F. Feldmann, et al. Appl . Phys. Rev. (2020) DOI: 10.1063/1.5139202
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PERC (Passivated Emitter and Rear Cell) NIKO™

FIND YOUR POWER

SiNy A PERC cell is the current working horse of the industry

c-Si(p) A Aiko is a leading manufacturer of PERC solar cells

|- AIBSF A10,/SiN,

n+Si 40 24.0

1 Bl capacity
Al . F23.0
Median production : _ s 5
PERC : ] 1220 O
Eta (%) 23.60
Voc (mV) 697.47 ‘ 21
Jsc (mA/cm?) 41.25 [T e
FF (%) 82.01 .
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Motivation _ How recombination impacts efficiency NIKO

30

Quokka Simulation of PERC Cell PERC
Eta (%) 23.60 optics

291 IVoc (mV) 697.47 parasitic absorption
) - L light trappi
A Voc limited by recombination Jsc (mAfcm?y) 4128 | —= ;?id S;:Zf;gg

FF (%) 82.01

N
oo

A at metal contacts
A front emitter
A bulk
A 3D transport in bulk affects FF

transport
bulk
front SE
front contact
I front emitter
I grid
HEEl rear contact

N
~
1

N
(o)}

C Little room for improvement

Power Loss (mW/cm?)

recombination
bulk
front SE
front contact
N front emitter
23 Power output BB rear contact

IEEl rear passivation

N
nN

]!

C Switchto TOPCon

22

PERC



Motivation _ How recombination impacts efficiency
_ _ 30
Quokka Simulation of TOPCon Cell TOPCon
Eta (%) 24.69
291 |voc (mV) 720.97
A 25% efficiency possible in MP Jsc (mAlcm?)  41.21
z )
A Voc +20-30 mV compared to PERC 281 LFF (%) 83.11
, S
A Efficiency significantly limited by §
A Recombination at front emitter and S .
o 261
unpassivated front metal contact § _
A Grid shading O s | —
3
o
C All back contact solar cell 24| Power output
23
22

TOPCon
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optics
parasitic absorption
Bl light trapping
El grid shading

transport
bulk

front SE
front contact
front emitter
grid

rear contact
rear poly-Si

recombination
bulk

front SE
front contact
front emitter
rear poly-Si
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ABC (Back Contact Technology)

SiNyx

emitter pitch SiO,

SiN, contacts

Eta potential: 26-28 %

NKO¥

FIND YOUR POWER

A Metal grid on the rear

A no shading losses A Jsch

A Grid can be optimized to minimize R _losses A FFh
A Implementation of passivating contacts at rear

A No trade -off between surface recombination and

lateral transport losses

A Negligible parasitic absorption losses



Design Ciriteria for ABC Cell

Quokka Simulation of ABC Cell

A Key design criteria:
A Excellent front passivation
A High bulk lifetime

A Optimal wafer resistivity

27.0
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Efficiency (%)
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Design Ciriteria for ABC Cell NIKO

Quokka Simulation of ABC Cell

A Key design criteria:

A Excellent front passivation 27.00
A High bulk lifetime 26.75 |
A Optimal wafer resistivity 5 26.50 |
o
A Narrow pitch 2 2625} ]
o
A Well -passivating rear contacts S 26.00r §
O 25751 1
5
25.50 |
25.25 |
25.00

Pitch h

v



Motivation _ How recombination impacts efficiency NIKO

30

Quokka Simulation of ABC Cell

optics

29 - Hl light trapping

A Key design criteria:

N
oo

Power Loss (mW/cm?)
>

A Excellent front passivation

A High bulk lifetime transport
, . L 27 bulk
A Optimal wafer resistivity y
grid

A Narrow pitch rearn

I rear n contact
A Well -passivating rear contacts Power output W rear p

B rear p contact

C Eta > 26%

N
(9]
1

recombination
bulk

N
N

PERC TOPCon ABC | front side
Eta (%) 2360 2469 26.32 oy honides
rear n
Voc (mV) 697.41 720.91 743.0( 23 . rearp
Jsc (mA/lcm?)  41.25 41.21 42.09 W rear passivation
FF (%) 82.01] 83.11] 84.18 -

ABC
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ABC (Back Contact Technology) NIKO™

FIND YOUR POWER

A AIKO mass produces ABC cell with >26% efficiency ; -V i 2
A AIKO developed a patented silver-free metallization g . Etéee 0
technok)gy based on copper Z§ Insol (AU 998658  RshuntDDr 208.117

72 Teell['C]  23.928 Jsc [mAem® 42,578

A Sustainable for TW scale production levels 2 e Tmonrel GREENES Fet 2SI
52 Ist [A] 14.932 BIN 1

) : : 5 vem Cors D

A Multi Busbar Interconnection Technology . Pmppw? 743mV

. . . o FF[%] 83.727
A Effective reduction of R, losses by shortening the L
finger Iength -01 lé 0 0.1 0.2 0.3 0.4 0.8

Uoc




Comparison of Solar Cell Technology NIKO™

FIND YOUR POWER

PERC TOPCon HJT ABC

Ag

4

SiNx FSF
c-Si(p)

Cell L
Topology ABSF A1 0/SiN, ntsi

SiO, tunnel oxide p*Si e pitch SiO,

Ag

n* poly-Si contacts
Front Surface Yes Yes Yes No
Shading (3-5% Shading ) (3-5% Shading ) (3-5% Shading ) (0% Shading )
Ag-based Front+Back Front + Back Front + Back No
Metallization (~70mq) (~110mg) (~150mg) (Omg)
Metallization
Temperature >700 3 >700 3 2007 >7007
/ / / / /
Voc 700 mV 720 mV >740 mV >740 mV
ETA

. 24% 25 26% 25 26% 26 28%
Potential
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ABC Technical Whitepaper - Core Technologies NAIKO "

Hotspot Protection and Module-
level Optimization Technology

Full cell area for light
absorption and power
generation

All Back Passivated Contact
Technology

Totally passivated front side
and Passivated Contacts on
back side

End-to-end Value Chain
Innovation

19



Industrial Top  -0.26% Temp Coefficient NIKO™

FIND YOUR POWER

-0.26% Industrial Top T emp Coefficient +2.43% Extra Gain per Wp due to Better Temp Coefficient
Certified by PV M agazine Test Report Real -life Test @ Quartar Doha

1.000 noon 8.00%
0.900
6.00%
CEA | PV MAGAZINE PROGRAM TEST REPORT 0.800
4.00%
SUPPLIER | Aiko 0.700
) 2.00%
3.4. Pmax temperature coefficient test 0.600
Table 2 and Figure 5 depict the Pmax temperature coefficient test results.
Table 9 Pmax temperature coefficient test result
0.500 0.00%
AIKO-A-MAH72MW Sample 1 ple 2 ple 3 plea ple s Grade
Pmax Temperature coefficient (%/°C) -0.26% 107
0.400 0
Pmax Temperature Coefficient Test Grade -2.00%
107
100 0.300
-4.00%
80
0.200
0 -6.00%
0.100
40
0.000 -8.00%
= O O O O O 0O 0O O 0O OO0 00 000 00 00000 0000000000 oo oo o
2202220920200 0Q200220Q02Q020Q00Q00Q20CC0Q
O S 0N O O S O0ON OO ONOOSTONOOFSTONOOFTSTONOO T 0N OO
0 N dYe AT AT N AT ONLATONN AT ONW AT ON
AIKO-AG00-MAH72ZMw I T WO O© O ONNMNMOWONNMONO N O OO dd N NNMMIEIEIT IO O O O N~N~NOW0
) O OO0 0O 0O 000000000 dAddddododdddododdodododododod o oo«
Aiko
Figure 5 Pmax temperature coefficient test result — [ PERC — ABC o —— GAIN
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Better Quality: 89% power output after 30 years NIRO

Guaranteed Module Performance

100.0%

98.0%

96.0%

94.0%

92.0%

90.0%

88.0%

86.0%

84.0%

2.50%

30-year Linear Power Warranty == ABC Single-glass Module
—e— PERC Single-glass Module

0 1 5 10 15 20 25 30Year

2.10%

D

0.70%
0.50% - .o. 40%

— 0.30% 0.40%
o -0.20% " e L

H 1000 TC 200 DH 1000+SML PID 192h LID 60kWh

2.40%

7.72%

= ABC
3.20% 3.20%

I 1.68% I

. 1.28%
0.90% .

I 2.10%

-0.40%
||

HF 30 DH 3000 TC 600 DH 3000+SML  PID 192+LID

21



Key Features of ABC Module

VA Gy

o Higher Lower BOS
Generation

7%+ BOS reduction

15%-+ higher yield, same area ,
compared with PERC modules

Compared with PERC

Better Quality

Degradation
Power temperature 1st year O1%
coefficient ¢ -ae el ., w? year -by-year 00.35%

Longer warranty,
lower degradation

Up to Standard
25 30 §
year year ;

Product Performance
warranty warranty

NIKO™

FIND YOUR POWER

Z
Extreme Aesthetics

Pure-black front
without gridlines
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Honors & Awards NIKO
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TalyangNews
Mass Production TOP Module List



