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Ὴ ָ ꜘ ᶳ Їᶕ Ὴ ◌ҏ ɼ Ї ḍӑ“
Ғ ҅ ꜘ◌ԋῊ ЇῊשׂ ɼ

Ὴ ԑ Ї 1900-2022
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ῗ ⅎ

Å Ὴ ָ װ ᶳ ЇῊ ꜘɼ Ὴ ῗ ҲЇ Ӏ Ї2022 92.1%ɼ2022 Ї ԓḍӑ

“ Ғ ЇῊ ꜘ◌ɼῊ Ὶ ᶱ Ҫ Ї ᴍ ∕Ґ Ї Ⱶᶱ ₴ ɻ ᴍ ҏ ɼ

Ї ӤᴰḌᶕ ⅎ ᶕ Ї ԓ Ї Ӥ Ὴ ҅ ꜘɼ

Еԑ ҟꜘ ԑ ɼ
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ῴ ҿῊ ᵤ Ӏ Ⱶ Їҙ қ Ҳ ╦ ҿῊ Ӏ ᶱ ɼ
ᴰ ɻָ װ ҟ ЇῊ Ⱶ ҙ ɼשׂ

Ὴ ᶱ Ї2010-2050E Ὴ Ⱶ Ї2010-2050E
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Е ῴ ᵆᴓ ԓ‰ ɼ ῴ ɻ ɻ ɻ ש ᵩ
ɻ ש ᵩ ɻ ש ᵩ Ὶל ῴ ɼ

ῗ ⅎ

Å ῴ װ ҿש Ї₧ṨῚ ɻ Ὴɻ Ї ҿ ꜠Ὴ ᵤ Ӏ Ⱶ ɼ ЃIEAЄ ʃWorld Energy Outlook 

2022ʄ Ї ῴ Ὴ ᶱ Ҳ ᶡ2010ה 8.2% └2021 11.8%ɼ 2050 Ὴ ‰ ҐЇ2030 ῴ ᶡ ҏЇװ30%└
2050 70%ɼ Ї ᴰ ɻָ װ ҟ ЇῊ Ⱶ Ғ ꜘЇ Ӥ Ғ ꜠ ῴ ɼ

91.8% 88.2%

69.3%

41.4%

29.9%

8.2% 11.8%

30.7%

58.6%

70.1%

2010 2021 2030E 2040E 2050E

ῴ Ғ ῴ

Е ᵆ Ὴ Ⱶ ԓ2050 ‰ ɼ

ЕIEAɻ
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ɻ ᴮ Ḧ ΐ ꜠ҐЇ ῴ Ὴ Ⱶ Ҳ Ғ ꜘɼ
Ғ Ґ Ї ꜠ ɼ

Ὴ Ї ↔ⅎЇ2010-2050E
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39%
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37%
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74%

60%

32%

19%

22%
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10%
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11%

33%

46%

1%3%

2010 2021 2030E 2050E

Ὶל ῴ Ғ ῴ

ῗ ⅎ

Å Ғ ᵤЇ ₉ Ҳ Ї Ḧ ɼשׂ ʃWorld Energy Outlook 2022ʄ Ї
ᾩᴥ Ὴ Ҳ 2010ה 0.8% └2021 10.9%Ї └2030 ꜘ ҏЇ└2050װ30% 45%ɼ

Ὴ װ ҿӀ ɼ

Åғ Ї Ὴ Ҳ 2010ה 0.1% └2021 3.5%Ї └2030 20%Ї└2050 35%ɼ

ЕIEAɻ
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Ὴ ᾩᴥ Ї ↔ⅎЇ2018-2027E
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Åᾩᴥ ῇ ᴍҏ Їש ⅎ /

ԋᵤᴍҏ Ї ԋῊ ᾩ
ᴥ ɼ2018 2022 ЇῊ ᾩᴥ

ҏ ɼ Ї Ὴ Ҳ
Ὴ Ӏ שᾩᴥҿװ

ЇῊ ᾩᴥ
ɼ

ÅҲ ֥ҟ ꜠ᾩᴥ ῴ
ЇҲ ᾩᴥ֥ҟ ɻᶱ

ᾥ ɻ┼ Ї ᶱ Ί
ᴮׂשЇ ꜘҲ Ὺ ᾩᴥ

Їᶕ Ҳ ᵲҿῊ ᾩᴥ
₉ Ҳד ԋ ɼ

Å֘ Ὶל ᾩᴥ
ᵤЇҲҡ Ӥ Ї

ᵜ ɻ Ὴ
ꜘᾩᴥ ԎⱵ Ї ֘

Ὶל Ҳҡ ᾩᴥ
Ί Ⱶɼ

Å ꜘ ῴ ῗ Ї
╓ ᾩᴥ ɼ

ᴍ ӑḍ Ԏ Ї
שᾩᴥҿװ ῴ ҏɼ

ᾩᴥ ῇ ᴍ ᵤᴍҏ Їש ﬞЇῊ ᾩᴥ ɼҲ
ᾨῊ Ї ֬ Ї ֘ Ҳҡ Ⱶ ɼ

Е

Е ԓ2023 ╦Ҏ ‟ Ầ₴ ɼ
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꜠ Е Ⱶ ῴ ɻ Ҳ ҿῊ ΐ Ї꜡ ᾩᴥװ ῴ ҿש Ὴ
ꜘ ɼ

ꜘῇʃ ʄ Ὶ⁯ ↔

ԓ2050 Ӑ
╦ Ҳ

ԓ2050 װ
ҲҲ

Å Ὴ Ṣ

ҐЇ ῴ ⌐

└ ᴰ ɼ

ÅῊ ΐ 190ү ꜘῇԋʃ

ʄɼ Ⱶ ῴ ɻ

Ҳ ҿῊ ΐ ɼ

Å Ї2022 ḍӑ“

ᶱ ᴍ Ї

ԋῊ ɼ

ÅῊ Ґ Ὴ

Ӏ Ї ⅓ Ғ

ɼ

Å Ⱶ ῴ ɻ Ҳ ҿ

Ὴ ΐ Ї꜡ Ὴ ꜘ ɼ

Å ῴ ҲЇᾩᴥΊ ᾥ

ɻ Ὴɻ ɻ

Ⱶ ᴮׂשɼ ҿῊ ΐ

ҐЇῊ ᾩᴥ ҟ

ɼשׂ

ῗ ⅎ

1

Е CLIMATE WATCH Net-Zero Trackerɻ
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꜠ Е ᾩᴥ ֥Їᾩᴥ Ґ ЇῚ Ҳ ԎᴮׂשҒ
₲ ҙ ד ɼ

Ὴ Ғ LCOE

USD/kWh

ҏ ҏ

ῗ ⅎ

Å ҲЇᾩᴥΊ ᾥ ɻ Ὴɻ ɻ Ⱶ ᴮׂשɼ

Å IRENA Їᾩᴥ ‼ (LCOE)2010ה USD0.417/kWhҐ 2021 USD0.048/kWhЇ 88.5%Ї ╦ ⅎ ᵤԓᴶ Ї
ԎᴮׂשҒ ₲ ɼ ᾩᴥ֥ҟ ┼ Ґ ꜘ֥ҟ Їש └2050 ᾩᴥLCOEד Ґ ɼ

ЕLCOEЃ ‼ ЄЇ ῪЇ ꜘ ₴ Ї Ὺ ғ Ὺ ɼ

0.078
0.067

2010 2021

0.050
0.068

2010 2021

0.039 0.048

2010 2021

0.417

0.048

2010 2021 2050

0.188

0.075

2010 2021

0.102

0.033

2010 2021

ᾩᴥ

Е IRNEAɻIEAɻ

2

ד
Ґ
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҅ЉῊ ᾩᴥ ҟ

ԑЉῊ ᾩᴥ ⅎ
ҎЉῊ TOPCon ֥ ⅎ

ЉῊ HJT ֥ ⅎ

֒Љ ⅎ  -Ὴ HJT Ӏ ⅎ

῏Љ ⅎ  -Ὴ XBC Ӏ ⅎ
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ᾩᴥה ЇῚ֥ҟ ҏ Ӏ ҿ ┼ ᶱ ЇҐ ғᾩᴥ ɻ ɻ ɻ ΐ
ᾩᴥ ᴌɼ

ᾩᴥ ֥ҟ ⅎ

Е

ҏ Ҳ Ґ

ᾩᴥ ֥ ᾩᴥ ᴌ

ᾩᴥ

ᾩᴥ

ᾩᴥ

ᾩᴥ

éé

ᾩᴥ ᴌ

ЕҒ ┼ Ғ҅Ї Ғ Ї ҿ
ɼ

ЕҒ ֥ Ғ҅Їᵜ ԓ
Ї ┼ ɻ ┼ ɻ ɻ

ɼ

┼ ┼

┼ ┼

Е ֥ҟ ⅎ ה׃ ₴ Ї ԓ҅ᵩ ᾩᴥ┼ ЇῚҐ Ӏ ҿ ᴗҟ ɼ
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ᾩᴥ ᾩ ᾩᴥ ῗ ЇӤ ╦ᾩᴥ֥ҟ ҅
ɼᾩᴥ ⅎҿ ҩ Ї ҏ Ӏ Ї Ҳ װ ҿӀɼ

Å Ӥ ҿᾩᴥ Ї ҅ү ᵩ ЇӤ ᾩᴥ Ҳ ᾣЇ ԓ ᾩ ɼ
Å ᾩ ҿ Ⱶ ҿᾩ ɼᾩᴥ ᵲҿᾩ ” Ї ╦ᾩᴥӀ֥ҟ Ҳ ҅ ɼ
Å ᾩᴥ ⅎҿ ЃӀ ҿ ЄЇ ╦ ҏ Ӏ Ї Ҳ װ ҿӀɼ ᾣ Ғ ⅎҿP/N Ї Ҳ ῇҎᴍ
ᾣ ∑ҿP Ї Ҳ ῇ֒ᴍᾣ ∑ҿN ɼN Ғ ⅎҿTOPConɻHJTɻIBC ɼ

Ίᵩב

PERCЇ Å ⌐ ᵲҿ

Ї ꜘ ᾩ Ї  p-n 

שׂ Ї ᵤ Ї ɼ

TOPConЇ
Å ┼ ҅ Ї ῴ ҅

Їԑ ΐ ԋ ɼ

HJTЇ

Å ҅ ԋ ᵩ ɼ

ᵩ ɼ

⌐ ԋ ᴮ ᵩ

ᾩ ɼ

IBCЇ֢ Å ԓ Ї⁯ ԓ

҅ ⅎῇ ᾩ ɼ

P

P

N

BSF

PERC

TOPCon

HJT

IBC

é

P

N

Е P/N Ӏ ⌡Ӑ҅ ԓ ꜘᾣ Ғ Ї Ӥ ⅎҿP/N ɼBCЃBack ContactЄ ҿ ЇXBCЃX Back ContactЄҿ
ᾩᴥ ЇῚ ҿIBCɼBC Ὶל Ї BC ғTOPCon ҿTBCЇғHJT ∑ҿHBCЇғPERC ∑ҿPBCɼ

Е



13

Ғ ғ Ғ ɼ ЇPERC Ї ᾩ ЖTOPConᴮ
ᴶ Ї ⅎ ЖHJT Ї ЖIBC Ї ᵩ ɼ

Е

TCO

P

N

N

TCO

Ag

⁯

N+

P

a

⁯

N+╦

N

⁯

P+

N

N

Al

Ag

N+

BSF

N+

BSF
P+

AgAg

AgAg

AgAg

Al

AgAg

b

c

ᾩ
Å ᾩ ⁯ ЃS-W ЄЇ ᾩ Ї

Ґ Їᵜ HJT S-W Ғ ɼ

Å HJT ᴮЇῚ ҿ-0.25%/ ɫ Ї׃
ғᵤ Ґ ɼ

Å HJT Ї 93%-98%ЇҙҏҐ Ⱶ Ї
ɼ

Å ῇᶕ HJT ╦ ԋ
Їҙ ԋ ғ ЇῚ

҅ ᵤЇ װ ɼ

Å PERC Ї
Ї ԋᴶש Ὴ Ї ᾩ Ὺ Ї

ᵤԋ Їה ᶕ 0.5%-1%ɼ

Å PERC ҏ
Ї Ї ҏ

ꜘ װ ɼ

PERC Ὶ

HJT Ὶ d

Å Їᶕ Ὴ Ғ
└ᴶ ᾩᴥ Ї
ҏӤ ꜘ Ї ҟ ╦

Å IBC Ї ⌐ ῇ ᾩ Ї
ɼ ᵣԓ Ї

Ї ᴮ Ї ᵤҷ Ї FFЃ ᾥ Єɼ
ᾡ ᴮ Ї ᵤ╦
Їה VocЃ Є JscЃ

Єɼ ֙ ɻFFɻVoc ᴮׂשЇ IBC

ԋ ɼ

Å TOPCon Ґ ₴ᴮ Ї
500 ɼ

Å ԓTOPCon SiNX Ї װ Ҳ
ᵩῪ ɼ

Ὴ

Å TOPCon Poly-SiғSi

ᵤ Ї ᵤ ₉ ЇӤ ꜘԋ
Ї ɼ

Å ᾡ Ї ⅎ Ї Ὶҏ
҅ ᵲҿ ԋ ɼ

TOPCon Ὶ

IBC Ὶ

ЕñAgò  ñAlò ⅎ⌡ש ЃSilverЄ ЃAluminumЄЇ ԓ Ҳᶕ Ғ ɼIBC ЕIBC ɼ
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┼ה ЇTOPCon PERC ꜘԋ ЇHJT ┼ ҿ ЇIBC ┼ ᴶ
∑ ҿ ЇῚ Ӏ ᵩ ɼ
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a

HJTЃ6 Є
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┼

Ѓ Є

ᾩSE
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ᾩ

Ң ═
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ῇ
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┼

Ѓ Є

ᾩSE
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ῇ/ᾩ ῇ

Ң ═
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┼
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Ї2022-2030Eשׂ

23

24

25

26

27

2022 2023E 2024E 2025E 2027E 2030E

% XBC HJT TOPCon PERC

ῗ ⅎ

Å 2021 ЇPERC ד Ӏ ɼ Ὶ ɼ ԓ Ї ꞈⱵ ҏ ҏ ɼ

Å ╦N ҿ ɼTOPCon ҅ ҏ Ї ԋ ЇḌ

ᴶ Їה ᵤԋ Ї ԋᾩ ɼHJT ῡΊ ғ ᴮׂשЇ ЇῚ ╦

ԋ Ї ҙ ԋ Ї ҅ ᵤԋ Ї ԋ ɼ

ÅXBCЇ ᾩᴥ ЇῚ ҿ ɻ Ї ԋ ᾩ Ї ╦ ҙ ד ɼא Ї

TBCɻHBC BC Ғ ɼ

Å ֥ ᵤ ЇN ᴰ ҿ Ӏ ɼ

Е CPIAɻ

ЕXBCҿ BC Ѓ ᾩᴥ Є ЇῚ ҿIBCЃ Єɼ

Ї ᾩᴥ Ғ ɼN ╦
ҏῊ ᴮԓPERCЇ ҿ Ӏ ɼ



16

PERC TOPCon HJT XBC

24.5% 28.7%1 28.5% 29.1%

~24.5% 26.7%2 26.81%3 N/A

֥ 23.2%-23.6% 25.2%-25.7% 25.3-26.0% 26.5%4

7 8 4 Ғ Ғ҅

┼ >850ɫ >1,100ɫ <200ɫ N/A

70¤5(%) 80¤5(%) >90(%) ᵤ

-0.35%/ɫ -0.30%/ɫ -0.24%/ɫ -0.29%/ɫ

⁯
⁯2%

⁯0.45%

⁯1%

⁯0.4%

⁯1%

⁯0.25%

⁯1%

⁯0.35%5

~150ɛm ~130ɛm ~120ɛm ~130ɛm

N Ғ׃ ᴮԓPERCЇ ┼ ɻ ɻ ⁯ Ӥ ᴮׂשЇᶡ HJT

┼ Ї TOPCon HJT Ὴ ᴮԓPERCЇN ⁯ ᵤԓPERCɼ

ᾩᴥ

Е

Е ᶱ׃ Ї ᴌ ҿ ɼ 2023 ҏ ɼ
1Е TOPConЇ POLY TOPCon ҿ27.1%ɼ
2Е Ҳ ᴓ Ӏ J-TOPCon3.0 POPAID M10 N ҏ ɼ
3Е Ӏ ɼ
4Е ABC ֥ ɼ
5Е ABC ᴌ ⁯ ɼ
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Ὴ ᾩᴥ ֥ ꜘЇҲ Ὴ ᴓ ɼ֘ ֥ ԓ ⅎ ꜘ Ї
ᵜ ╦ ᵩ֥ ד ⅎ ɼ Ї Ҳ Ὺ Ὴ Ӏ ᾩᴥ ֥ ֥ שׂ ɼ

Ὴ ᾩᴥ ֥ Ї ↔ⅎЇ2018-2027E
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ҐЇҲ ᾩᴥ ֥
ЇῊ ᾩᴥ֥ҟᶱ

Ҳװ ҿ ɼ

Å ⅎ
ᾩᴥ֥ҟ װ Ὴɻ

ᵤ Ї
Ҳ ᾩᴥ֥ ₴

ԋ҅ ∆ Їװ
Ὶ ᾩᴥ┼ ҟɼ ῗ

ᾩᴥ֥ҟ
ᴮ Ї ╦ Ⱶ

╓ ҐЇ ᾩᴥ ֥
↔ ₴Ї ╓
ᾩᴥ ֥ ɼᵜ

ד╦ ֘װ ЃҒ Ҳ Є
ᾩᴥ֥ ҿӀɼ

Å ᾩᴥ Ї
ҙ֘
ҟꜙЇ ᾩᴥ ֥ ҅

ɼ

Å ╦Ὴ ᾩᴥ ֥
⌐ ᵤԓ70%ЇҒ
֥ Ὴ ɼ

GW

Е

Е ԓ2023 ҏ ‟ Ầ₴ ɼ
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ᾩᴥ֥ҟ ꜘ ЇN ֥ ꜘɼTOPConҿ ╦ ⅎ ֥ Ж HJT

Ґ Ї Ӥ Ғ ꜘЖBCҿ Ї ₲ Ї ɼ

Ὴ ᾩᴥ ֥ Ї ↔ⅎЇ2018-2027E

95.1% 94.2% 94.3% 93.8%
86.9%

63.7%

46.6%

28.8%

20.6%
17.4%

4.9% 5.8% 5.7% 6.2%
13.1%

36.3%

53.4%

71.2%

79.4%
82.6%

2018 2019 2020 2021 2022 2023E 2024E 2025E 2026E 2027E

ῗ ⅎ

Å ₉ ЇPERC ԓῚ

ᴍ ᴮׂשЇ ᾩᴥ ֥
ҟҲ Ӏ ᵣЇῚ֥ ҅

Ὴ ҟɼᵜ
ғ Їװ

Ї
Ὶל

ЇPERC ֥ Ґ ɼ

ÅTOPCon Ї ╦ ⅎ ᾩ
ᴥ Ⱶ TOPCon Ї
֥ ꜘɼ

ÅHJT Ї ԓHJT ֥ ғ
╦Ӏ PERC ғ֥
ԝҒῡ Ї ⅎᾩᴥ HJT

ד ҿ ɼ HJT

TOPCon ᴮׂש Ὶ
Ї ╦ Ї

ᵜהҲ ҏ Ί ҅
Ⱶɼ HJT

ғ Ї
ᾩᴥ ┼ ᾨ
HJT ֥ҟ Ї
֥ Ғ ꜘɼ

ÅBC Ї ᴗҟ BC

ɼBCᵲҿ

Ї ₲
Ї֥ ɼ

GW

Е

Е֥ ҿ ӎ֥ ɼN TOPConɻHJTɻXBCɼ

N P
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҅ЉῊ ᾩᴥ ҟ

ԑЉῊ ᾩᴥ ⅎ

ҎЉῊ TOPCon ֥ ⅎ
ЉῊ HJT ֥ ⅎ

֒Љ ⅎ  -Ὴ HJT Ӏ ⅎ

῏Љ ⅎ  -Ὴ XBC Ӏ ⅎ
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TOPCon ҿԋҟῪ ⅎ ЇTOPCon ӎ֥ ꜘɼ ɻ ɻ ɻ ɻ҅
╦ TOPCon ӎ֥ ӎ֥ Ӑ ԓ50%ɼ

Ӏ TOPCon ֥ Ї2023E

ῗ ⅎ

Å ᾩᴥ ҟ ꜠ ɼ2022 Ґ Ї ⅎᾩᴥᴗҟ ԋN TOPCon ֥ЇTOPCon֥ҟ Їᾩᴥ ҟ P N

ꜘ ɼ√ ᵆ Ї23 TOPCon ҟ ӎ֥ 350GWЇ ↔Ҳ ֥ 250GWɼ ₉ ЇTOPCon֥ PERC֥ ɼ ҅ ҟ ԎҲЇ
Ⱶɻᴮԓ ҟ ┼ Ⱶɻ ằ ꜙ ‟ Ї ҿ ⌐ Ԏ ᵣɼ

Е ӎ֥ 2023 ӎ֥ ɼ ↔֥ ԓ2023 ╦Ҏ ɼ֥ ҿ ẅЇ ғ ᴗҟ ӎ֥ ӎ֥ ẘ ɼ
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0 0 3

2

Renew

02 11

⌐

120

68
66

44

56

33
30 30 30

17

12 12 11

36

10 10
8 5 5 5 2 2

10

GW ↔֥ ӎ֥ TOPCon ӎ֥ ӎ֥ Ӑ
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LPCVD PECVD PVD

ᵲ

҅ Ї ᵤ ⱵҐЇ ЇᶕῚ
ⅎ Ї ɼ

Ṩ꜡ ᶕ ᵩЇ ᵩЇ
ᵩ Ї Ї ҏ ₴
ɼ

ᴌҐЇ Ѓ Єᶕ
ᴌҏ ┼ ɼ

ᴮ
Ї ┼
Ї

ᵣ Ї Ї‡ ᵣ Ї Ї‡

Ї Ї
ᴌ Ҫ

ẘ
Ї Ғ

Ї

5-8 nm/min ЃintrinsicЄ; 

1-3 nm/min Ѓin-situ dopingЄ
>10 nm/min Ѓin-situ dopingЄ >10 nm/min Ѓin-situ dopingЄ

ԑ  /

ῇ
ᵣ ᵣ

Ї ꜘ ╔ Їҙ╔ ┼ ҿ

Ѓ>120minЄ  or ῇ Ѓ20-40minЄ Ѓ30minЄ

֥ 90%-98% LPCVD ~97%

/ ῇ / Ї╔ Ї ”ԓ
PECVD┼ Ї  ”ԓ

Ї ᴌ Ҫ Ї Uptime Ѓ ᶡЄᵤ

∆Ӄ
ЇSEMCOЇTempressЇ ӕЇ ᶉᴵ∕Ї ∕Ї

ᶉᴵ∕Ї Ї ЇCTɻ

TOPCon 

TOPCon ⅎ ЕTOPCon Ғ Ї ⅎҿCVDЃװ ЄғPVD

Ѓ Єҩ ɼCVD װ ᶱ Ї ╦ Ӏ ɼ

ᵩ

SiH4

ⅎ

ᵩ

SiH4

H2

PH3

ᵩ

ЕInfolinkɻ

1
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LPCVD ב

LPCVD

LPCVD

Ѓ Є

LPCVD

Ѓ ꜘ╛ Є

ⅎ

ÅҒ

V └╦ ᴰᶕBSG

BPSG

V PSG HF BPSG BSG

Ї BPSG RCA

ᾩ

Å ∆ӃЕ ∕

Åᵲ ЕḦ BSGЇ ᾭRCA

ᾩ

ÅᴮׂשЕ BSGḦ

ÅꜛׂשЕ ῇ Ї
Ẩ Їד ῇ ֥

Å ∆ӃЕ ∕Ї

Åᵲ ЕḦ BSG BPSG

ÅᴮׂשЕ ῇ Ї
ғ ꜘ╛ Ї

ÅꜛׂשЕ ғ ꜘ╛

┼
( )

ᾩ
SE

ԑ

(

)

BSG

+

╔

SiO2

+

i-

Poly-

Si

PSG

+

RCA
AIOx

+

SiNx

LPCVD Ї ֥ Ї ԓ ɼLPCVD ⅎҿ Ї ү Ї
֥ ᴮЇ ⅎ LPCVD ש װ ֥ ɼ

ЕInfolinkɻ

2

┼
( )

ᾩ
SE

ԑ

(

)

BSG

+

╔

SiO2

+

i-

Poly-

Si

PSG

+

RCA
AIOx

+

SiNx

┼
( )

ᾩ
SE

ԑ

(

)

BSG

+

╔

SiO2

+

i-

Poly-

Si

PSG

+

RCA

(

ꜘ╛)

AIOx

+

SiNx
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Tempress SEMCO ӕ ∕ Centrotherm ᶉᴵ∕

2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1

SiO2 SiO2 SiO2 SiO2 SiO2 SiO2 SiO2 SiO2 SiO2 SiO2 SiO2 SiO2 SiO2 SiO2 SiO2

Ѓ Є Ѓ Є Ѓ Є Ѓ Є Ѓ Є Ѓ Є Ѓ Є Ѓ Є ЃPECVDЄ ЃPECVDЄ ЃPECVDЄ ЃPECVDЄ
Ѓ

/PECVDЄ

Ѓ
PEALD/PECV

DЄ
ЃPECVDЄ

+ + + + + + + + + + + + + + +

ex-situ Poly ex-situ Poly ex-situ Poly ex-situ Poly ex-situ Poly ex-situ Poly ex-situ Poly ex-situ Poly in-situ Poly in-situ Poly in-situ Poly in-situ Poly in-situ Poly in-situ Poly in-situ Poly

ЃLPCVDЄ ЃLPCVDЄ ЃLPCVDЄ ЃLPCVDЄ ЃLPCVDЄ ЃLPCVDЄ ЃLPCVDЄ ЃLPCVDЄ ЃPECVDЄ ЃPECVDЄ ЃPECVDЄ ЃPECVDЄ ЃPECVDЄ ЃPECVDЄ ЃPVDЄ

ᵣ

- - - 156-220 156-210 156-210 156-230 166-230 - 166-230 166-230 156-210 156-210 156-210 -

ᵣ -

- 5/7 5/6 5 5/6 5/6 5 5/6 10 5/6 6 4/5/6 4/5/6/10 - -

ү
1200 / 1400 /

2400 /

@M10

2000 /

@G12

1200 / 1600 /

1430 /

@M10

1150 /

@G12

1400 /

@M10

1200 /

@G12

1320 /

@M10

1100 /

@G12

350 /
768 / @M10

580 / @G12

640 / @M10

486 / @G12
-

580 / @16X

504 / @18X

432 / @210

580 / @18X

486 / @G12

60 / @M6

54 / @M10

40 / @G12

֥ ЃWPHЄ
3000

Ѓ ᵣЄ
4000

Ѓ ᵣЄ
6000

ᵣ2800

4300@M10

3750@G12
-

4100@M10

3300@G12
-

4300@M10

3600@G12
5600

5800@M10

4600@G12

5100@M10

3880@G12
- -

4800@M10

4000@G12

10000@M6

8000@M10

6000@G12

- - - - - Й=96% Й=96% Й=97% Й=98% Й=98% Й=97% - Й=98% Й=96%

┼ - - 400-1100ɫ 400-800ɫ - 600-1150ɫ 400-700ɫ 500-700ɫ up to 600ɫ 350-600ɫ 400-500ɫ 200-550ɫ 350-500ɫ 100-600ɫ 300-350ɫ

 3%

 3.7%

 3%  3%  3%  4%  3%  3%

З=5%

 3%  3%  5%
SiO2: 4%

Poly: 5%

 3%  3%

 5%  5%  5%  3%  4% 4%  3%  4%  5%  5%  3%  3%

Ὺ 5% Ὺ 5% Ὺ 5% Ὺ 3% Ὺ 5% Ὺ 5% Ὺ 4% Ὺ 4% Ὺ 5% Ὺ 4% Ὺ 3% Ὺ 3%

∆Ӄ Ї Ї Ї Ҳ Ї҅ ֽ Ї Ї
Ї Ї

Ї
,BYD

Ҳ Ї

TOPCon 

TOPCon ⅎ Е ╦ҟῪTOPCon Ғ Ї Ї ӤҒ
ɼ

ЕInfolinkɻ

3
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҅

֥ ֥ ЃMWЄ 44,000 20,000 10,000 14,000 14,000 6,000 13,000 3,000 10,000

+ Ῐ

M10 M10 M10 M10 M10 M10 M10 M10 M10

Poly LP LP/PE PE PE LP LP PE PE PE

┼ ᴵᶉ∕ ᴵᶉ∕ ᴵᶉ∕ ᴵᶉ∕ / ᴵᶉ∕ ᴵᶉ∕

ᴵᶉ∕ ∕/ ∕/ ∕/ ᴵᶉ∕

ᾩSE /

ԑ Ѓ Є - - - - ∕/ ᴵᶉ∕ -

BSG& ╔ ᴵᶉ∕ ᴵᶉ∕ ᴵᶉ∕ / ᴵᶉ∕ ᴵᶉ∕

SiO2

+

n-Poly-Si

1

SiO2

∕ - - ∕ - - -i-Poly-Si LPCVD

n-Poly-Si ᴵᶉ∕

4

SiO2 PECVD

- ᴵᶉ∕ ᴵᶉ∕ ᴵᶉ∕ - - ᴵᶉ∕/ ᴵᶉ∕ ᴵᶉ∕
n-Poly-Si

PECVD

5

SiO2 PECVD

- - - - - - - - -
n-Poly-Si

PVD

ᴵᶉ∕ ᴵᶉ∕ ᴵᶉ∕ ᴵᶉ∕ / ᴵᶉ∕ ᴵᶉ∕ ᴵᶉ∕

Al2O3 ᴵᶉ∕ / ᴵᶉ∕

SiNx ᴵᶉ∕ ᴵᶉ∕/ ᴵᶉ∕ ᴵᶉ∕ ∕ ∕
ᴵᶉ∕/

∕
ᴵᶉ∕ ᴵᶉ∕

SiNx ᴵᶉ∕ ᴵᶉ∕/ ᴵᶉ∕ ᴵᶉ∕ ∕ ∕
ᴵᶉ∕/

∕
ᴵᶉ∕ ᴵᶉ∕

Ң ═ ҿ ҿ/ ҿ/ ҿ - - - ᴵᶉ∕

TOPCon 

Ґה ᾩᴥ ֥ ЇҒ Ғ ɼ Ї ᴵᶉ∕ɻ ɻ
∕ ɻ ɻ Ӏ TOPCon ֥ ɼ

ЕInfolinkɻ

4
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҅ЉῊ ᾩᴥ ҟ

ԑЉῊ ᾩᴥ ⅎ

ҎЉῊ TOPCon ֥ ⅎ

ЉῊ HJT ֥ ⅎ
֒Љ ⅎ  -Ὴ HJT Ӏ ⅎ

῏Љ ⅎ  -Ὴ XBC Ӏ ⅎ
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Ӏ HJT ֥ Ї2023E

18

9

1

5

1 1 1

5 5

2 1 1 1 1 1

100%

23%

100% 100% 100% 100% 100%

79%

12%

100%

60%

50%

100%

1% 2%

0

5

10

15

20

25

30

8

ҡ

15

Ḫ

10

8

3Sun

7

5

−

1
0

3

Goldi Solar

0

REC Group

0 0

EnCore

0 0

25

17
16

15

9

8

6 6
5 5

9

1 1 1 11

↔֥ ӎ֥ HJT ӎ֥ ӎ֥ ӐGW

ῗ ⅎ

Å 2022 HJT ӎ֥ 12GW Ї2023 HJT ӎ֥ 40GWɼ ᾩᴥ 2023 ↔֥ ᵆ 80GWɼ
Å HJT ֥ Ї ᴗҟ ꜘ Ⱶ Ї ֥ Ғ ɼ HJT Ғ ɻ ֥ Ї HJT֥ ᴦ ꜘ ɼᵜҒ

ЇHJT ╦Ӥ ҹ҅֙ Ї ɼ

HJT ֥ Ї ᴗҟ ꜘ Ⱶ Ї ֥ Ғ ɼ ɻ ֥
Ї HJT ֥ ҅ ɼ

Е

Е ӎ֥ 2023 ӎ֥ ɼ ↔֥ ԓ2023 ╦Ҏ ɼ֥ ҿ ẅЇ ғ ᴗҟ ӎ֥ ӎ֥ ẘ ɼ
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HJT ֥ Ӏ ⅎҿ ┼ ɻ ɻTCO ғ ɼה Ї
҅ ЇTCO ⅎӐ҅ɼ

HJT ֥

֥ Ӏ
Ї

2022
Ҳ ∆ӃӀ ∆Ӄ

┼
Å

₳₲ ᾩ
Å ┼

Å +

Å +

Å

Å ═ Ї
┼ Їᶕ

ғ Ї
ᾩ ₴

ÅҢ ═
Å ᾩ

ÅҢ ═
Å ᾩ

Å ┼ Ї
ᵲҿ

Ї  P-N Ї ”  

HJT ῗ

ÅPECVD
Å ᵩ

(PECVDЄ

ЃTCOЄ

Å  HJT Ҳ ⅎ
┼  TCO Ї
ᵲ⁯ װ

Å
(PVD)

Å ᵩ
(RPD)

ÅPVD

ÅRPD

~8%

~50%

~27%

~15%

Е

1

2

3

4
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HJT ┼

Å RCA ᴮ ᵤЇ Їᵜ ԓRCA ҙ Ї RCA ɼ

Å ╦ ҟᶕ ҿ + Ї ᵤ ᵤ Ї װ ꜘ╛ ֥ Ї ╦HJT ғPERC ɼ

Å ҿ Ⱶ Ї ד╦ Ὴ ɼ

Å ┼ ԋ ᶉᴵ∕ ᶱ Ї Ѓ ᵲЄ Ѓ ᵲЄӤ ֥ ҟ ɼ

KOH/H2O2

ЃDIO3Є

ᾩ

KOH

┼

KOH/ ꜘ╛
KOH/H2O2 HF/O3 HCl/H2O2 DHF

SC-1

NH4OH/H2O2

ᾩ

KOH

┼

KOH/ ꜘ╛

SC-1

NH4OH/H2O2

CP 

HF/HNO3

SC-2 

HCl/H2O2

DHF

DIO3

ᾩ

KOH

┼

KOH/ ꜘ╛
HF/DIO3 DIO3 DHF

╦ ∆Ӄ

+

ЃRCAЄ

+

HJT ┼ ᶳ Ғ ꜘῇⅎҿҎ Їⅎ⌡ҿ + ɻ +

Ї ש Ғ ɼ

1

ЕInfolinkɻ
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ҿ Ҍ ᶉᴵ∕ Meyer Burger ULVAC
Applied 

Material
INDEOtec

Maxwell MV-LH06 OAK-QL - PD-1022/UD HELIA PECVD CCV-1400C-6 AKT-APXL Gen6 HAC201-8000 OCTPUS II RCS-12000

RF-CVD

VHF-CVDЃ Є
RF-CVD

VHF-CVDЃ Є
RF-CVD RF-CVD RF-CVD Cat-CVD

RF-CVDЃI-NЄ
VHF-CVDЃI-PЄ

Cat-CVD RF-CVD RF-CVD

13.56MHz

40.68MHzЃ Є
13.56MHz

40.68MHzЃ Є
13.56MHz 13.56MHz 13.56MHz DC

13.56MHzЃI-NЄ
40.68MHzЃI-PЄ

DC 13.56MHz

13.56MHz

40.68MHzЃ
Є

 ∆ ҷ ∆ ҷ ЃU Є ∆ ҷ ∆ ҷ ∆ ∆ ҷ ∆ ҷ ∆ ҷ

꜠/ ‼꜠ -

I-IN-P I-IN-P I-IN-P - IN-I-P I-N/I-P I-N/I-P I-N/I-P I-N/I-P -

Uptime Й=90% Й=90% Й=90% - Й=90% - - Й=90% - Й=90%

З0.25%@150µm 0.05%@120ɛm З0.05%@150µm - - - - З=0.8%

M2-G12 M2-G12 M6-G12 M2-G12 M2-M6 M2 M2-M4 M2-G12 - M2-G12

֥ MW/ 600 600 500 Й110 125 100 500 - -

‼꜠
4 ᵩ

- ҢCVD ҢCVD

ἥ - ᾭԋ

Ӑ
-

HJT CVD ԓ Ї Ґᶕ ᵩҲ ֥ Ї └
ҏЇ Ї Ғ ҅ Ḧ ɼ

HJT CVD

Е֥ 2023 ҏ ɼ

2

ЕInfolinkɻ
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HJT ֥ Ҳ TCOЇ Ӏ ᵲ⁯
ɼ ԓPVD ֥ ɻ Ї ╦ҿTCO Ӏ ɼ

ҿ ᶉᴵ∕ Meyer Burger VON ARDENNE SINGULUS

Maxwell P6 RPD5500A - HELiAPVD XEA|nova L10

GENERIS PVD 

10000 RSP-8000 HD-ILS

PVD RPD PVD PVD PVD PVD PVD PVD

֥
14400wph@G12 

18000wph@M10
5500wph

6000wph@G12

8000WPh@M10

9750wph@M6

3000wph 10000wph@M6

6100wph@G12

7300wph@M10

10000wph@M6

12000-14400wph 8000wph

Uptime Й=90% Й=90% Й=92% Й94% Й93% Й90% Й90% Й=90%

⌐ Й=80% Й=80% Й=80% Й=80% Й=80% Й=83% - Й=80%

M2-G12 G1/M6 M2-G12 M2,M4 M6/M10/G12 M2-G12 G1-G12 G1-G12

֥ MW/ 600 - 500 Й140 500 500 - 500-600

- Й80cm2/Vs - - - - - -

- З=0.05% - - - - З=0.05% -

- З=5% - З=¤5% З=¤4% Ò ¤5% - З=¤2.5%

HJT TCO

Е֥ 2023 ҏ ɼ

3

ЕInfolinkɻ
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Ң ═ ᾩ
═

Ѓ Є
═

Ѓ Ң + Є

∆Ӄ Åי Ї Ї ᾫ ᴶ

ᴮׂש
Åҿ ╦ ҙ

Å ═ 10ɛm+Ї
Å ═Ї
Å ═ ҅ Ї

Å ᴑᵫ Ї
100% Ὴ

Å ═
Å ═

ÅḦ Ї
bᶽ Їᶽ ЇҐ   

Å◖ ɻ

Å - Å 15%-30% Å 15%-20% Å 10%-15%

Å Å~20ɛm Ѓ Ó22ɛmЄ Å~15ɛm Ѓ Ó26ɛm Є Å~15-20ɛm Ѓ Ó28ɛmЄ

╦
Å ═ ɻ ᵤ
ᴥЇ

Å ԑ ⌐ Ї ᴮׂש ₴ 

Å ᶕ Ҳ Ғ
Å

Å Ї ꜠
Å ᵤ

Å Ὴ Ї ═  

Å

Å

2023ҏ
Åҿ ╦Ӏ Ї 99% Å ɻ  - Demo Å Ї ֥ Å Ї ֥

ᾩᴥ ┼ᵲ Ҳ Ӑ҅Ї ═ Ї ┼
Їᶕ ғ Ї ᾩ ₴ ɼ

HJT ᾨ

4

ЕInfolinkɻ
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҅ЉῊ ᾩᴥ ҟ

ԑЉῊ ᾩᴥ ⅎ

ҎЉῊ TOPCon ֥ ⅎ

ЉῊ HJT ֥ ⅎ

֒Љ ⅎ  -Ὴ HJT Ӏ ⅎ
῏Љ ⅎ  -Ὴ XBC Ӏ ⅎ
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ה Ї ԓPERCғTOPConЇHJT ╦ ԓ ɻ֥ ᵩ
ד ɼ

ᾩᴥ ᴍ ⅎ

PERC

M10 (150ɛm)

PERC

G12 (150ɛm)

TOPCon

M10 (130ɛm)

HJT

G12  (130ɛm)

 / cm² 330.15 440.96 330.15 440.96 

 / % 23.1 23.1 24.2 24.3 

₴ꜗ  W/pc 7.63 10.19 7.99 10.72

CTM  / % 0.0 0.0 2.0 2.0 

72 ᴌ ₴ꜗ  / W 545 550 570 690 

ᴍ џ / Kg 71 71 76 76

џ / pc 2.56 3.54 2.58 3.41

ᴍ џ / pc 2.95 3.92 3.05 4.03

џ / W 0.56 0.56 0.62 0.76

ᴍ џ / W 0.75 0.73 0.80 0.90

ᴌ

ᴌ џ / W 1.11 1.11 1.19 1.38

ᴌᴍ џ / W 1.26 1.27 1.37 1.58

ῗ ⅎ

ЕInfolinkɻ

Е ᴌ ֥ ɼ 2023 8 ᴓЇ֥ҟ ᴍ Ὶ ᴍ Ғ Ї ש׃ ҅ ‟ɼM10ɻ
G12 182mm 210mm ɼ PERC G12 66װ ᴌ ҿᶡЇHJT G12 װ ⅓ЃHCЄҿᶡɼCTMҿ └ ᴌ Ҳ ɼᵤ

Å ԓHJT ɻ┼
ῇ Ї Ὶ

╦ ɼ

Å HJT Ӥ ЕשҐᴮׂװ
1ЄHJT

Ї ҿHJT

װ ᵤ ┼ᵲҲ ⱵЇ
ᵤɼ2ЄHJT

200£CװҐᵤ Їᶕ
ᵤ ҐӤҒ Ї
ɼ ᴍ ԓ

PERC ‟ҐЇHJT

Ї ᵤɼ ҙ
ԓHJT Ї

Ї ҅ ⁯ ɼ

Å Ї HJT Ғ
ЇῚ Ӥ ҅
ɼ ᶕHJT

ᴌҐ֥ Ⱶ ₴Ї
ԋ ꜗ Їה ᵤ
ɼ
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HJT ₴ Ї ԓ Ί Ї ᶕ Ї Ὶ
Ї ԓPERC ғTOPCon ɼ HJT ҲӐ ɼ

5
6 6 6

7 7 7 8

13 13 13 13
14

14

18

23

21

24

0

30

60

90

120

150

Ӏ ◖ WMg/ Mg/ W

M10L  

9BB

M10  

11BB

M10  

10BB

M10  

10BB

M10  

10BB

G12  

12BB

G12  

12BB

G12  

12BB

M10  

16BB

M10  

16BB

M10  

16BB

Ҳ

M10  

11BB

M10  

16BB

G12R  

16BB

M6  

12BB

G12HC  

15BB

G12 HC  

20BB

G10 HC  

10BB

PERC TOPCon HJT

ЕPERC ῇ ɼ 2023 ҏ ɼ

ЕInfolinkɻ
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HJT  ï Ґ Е ԓᵤ ֥ Ї ῇ ɻ ᾩ ɻ ═ɻ0BB Ї
HJT Ί Ґ Їה Ғ ᵤ ɼ

HJT 

ᴮׂש HJT * ╦ ᴮ Ὺ

ᵤ
֥

Å ԓ ֥ ЇҲ ᾩᴥᵤ
װ╦ ҿӀЖ21 Ї ԓ֥ҟ Ї
ᾩᴥᵤ ֥ɻᶱ ֥

Å Ї ᴮׂש
Ї ֥ ש Ї

20%

Å 2000/kg
ÅN ᵤ Ї ֥
ᵤЇד

Å ԓ Ҳ ɻ
ᶡЇ ᵤᴍ ש ᴍ Їה ᵤ

ᵩ

Å ᴍ Ѓ 50%Ag Є ᵤ

1500-2000ᾣ/kg

Å 0.03-0.04ᾣ
/W

Å HJT ᴌ ҆ Ѓ҆
ꜘ 0.02ᾣ/WЇ EVA POEש Є

Å Ї
Å ҅

ᾩ

Å ᾩ ₳ Ὺ Ї
ῴᶕ ᾩ Ї
└ Їᶕ

Å

Å Ї  19-

25mg/W Ґ 16-20mg/W

Å 0.02ᾣ/W

Å ԑ ⌐ Ї ᴮׂש Ὴ
Å ᶕ Ҳ Ғ
Å

═

Å ═ Ҳ ЇῊ
ⅎ  100% Ї
Ї ɻ

Å

ÅῊ Ї ═

Å 15%

Å 0.01-0.02ᾣ
/W

Å Ї ꜠
Å ᵤ

0BB

Ѓ Ӏ
Є

ÅḦ ᴶ Ң ═Ї┼ᵲ Ї

Ғ ԓ

ӐҏЇ ֢ Їװ

ש ᴶ Ї

ԝ

Å ⁯
Å Ӏ Ї 19- 

25mg/W Ґ 13-16mg/W

Å 0.03-0.04ᾣ
/W

Å HJT ᴌ ɻ҅ᵩ
Ї ԓ ҏ ꜘ Ї
҅ ҏ

Å ד

Е

1

*Е ԓ2023 ҏ ᵆ ɼ
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2 HJT  ï Ґ Е  HJT֥ Ї√ ῇ ɼ ֥
ɻ ֥ Ғ ЇHJT֥ ֥ ᴓ Ғ ҏ Ї ꜠ ҅ Ґ ɼ

HJT֥ ‟Ї2022 Ғ ֥ Ї2022-2030Eשׂ

῎ ֥ ֥ (MW) ┼ PECVD PVD/RPD Ң ═

600 YAC ’
1,000 / /

ῘҲ 160 singulus ’ Microtech

60 YAC ҿ
60 YAC ҿ
100 YAC ῍

Ҳ
100 ᶉᴵ∕ Ҍ ᶉᴵ∕ ᶉᴵ∕
200 YAC singulus

250 ҿ ’ ҿ
1,000 / ᶉᴵ∕ ҿ/ / ҿ/ /ᶆ ҿ/ ᶉᴵ∕
100 singulus ’ /

120 YAC Ҍ ὰ

ҏ 30 ᶉᴵ∕ JUSUNG

ҡ 150 YAC /

250 YAC ᶉᴵ∕
250 ᶉᴵ∕ ᶉᴵ∕ ᶉᴵ∕ ᶉᴵ∕

Ҳ 160 ᶉᴵ∕ ’ Microtech

ᴓ 200 YAC ’
200 ҿ Ҍ ҿ ҿ
400 ҿ ҿ ҿ ҿ/Ҳ
60 Ҍ ᶉᴵ∕ ֘ / ҿ
200 ᶉᴵ∕ ҿ ’ ҿ

− 1,200 ҿ ҿ ҿ

ᾩ 30 YAC

Ґ 1,000 YAC ᵥ Microtech

REC 600 Exataq ҿ

10

15

20

25

30

35

40

2022 2023E 2024E 2025E 2027E 2030E

PERC TOPCon HJTҌᾣ/MW

ῗ ⅎ

₉ ҲЇҲ ֥ PERC֥װד ҿӀЇHJT֥
Ї√ ῇ ԓῚ ҩ ɼ Їה ╦֥
‟ Ї ҿ ᴓɻ ᶉᴵ∕ɻ Ҍ

HJT ֥ Ї ֥HJT ₧
Ṩᴍ ᴮׂש ҅ ЇHJT֥ √ Ґ ɼ

ЕCPIAɻ
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HJT֥ ꜘ Ї ⅎ ֥ ꜘɼ Ὶ Ї2023 HJT֥ ꜘ 10GWЇҡ
2023 HJT֥ ꜘ 5GWЇ 2023 HJT֥ Ӥ ԋ ɼ

ⅎHJT Ї2023

֥ ЃGWЄ

ᶡ

ᶱ ᶡ

2022 ӎ
֥

2023 ӎ
֥

↔֥ /┼ CVD PVD Ң ᾩ ῇ

~3 18 8
G12HC 130ɛmЖG10HC 110ɛmЖ
M6 130ɛmЇ ↔ ῇ110ɛmҲ

YACЇ ҿЇ
Von ArdenneЇ
ҿЇ

ҿЇҲ ҿЇҲ

ҡ 2 9 8
120ɛmҿӀЇ110ɛmӤ

֥
YACЇ Ї Ї Ї

ҿ
Ї ҿЇ AMATЇ∕҅Ї

ҿ
ᵅЇ∕҅Ї
ҿ

2 5 6
Ӏ ҿ130ɛmЇ120ɛm

ῇ 
YACЇ AMATЇ ҿ

ᴵᶉ∕.Ї
ҿ

AMATЇ ҿ ᵅЇ ҿ

−ᾩᴥ / 1 5 Ӏ ҿ130ɛmЇ120ɛmῇҲ ҿ ҿ ҿ ҿ

Е

ᴗҟ

Е2023 ӎ֥ ҿ ẅɼ ↔֥ ԓ2023 ╦Ҏ ɼ֥ ҿ ẅЇ ғ ᴗҟ ӎ֥ ӎ֥ ẘ ɼ
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ᶡ҅Е2020 ῇHJT Їꜘ ֥ Ї ᾨ ҟῪHJT֥ ᾨɼ

2023

G10 ∆ HJT

ᴌҏ

2022

HJT ֥
└2.7GW

2021

A 8ֽᾣ

2020

V 210mmHJT

V ₴ꜗ 723.97W

V 23.31%

V҆ ᾩ

῝ HJT ֥  ð  G12-132 ᴌ Å2023

2.5ֽᾣ

֥

2022.05 Å 5GW

HJTᾩᴥ ᴌ

2022.01 Å5GW HJT ᴌ

2021.11 Å ꜠ԋ2GW HJT ɻ
ᴌ ֥

2021.03 Å500MWHJT ᴌ
֥

֥ ⅎ ∆Ӄ

Е῎ Ї

Ԝ

↔֥ Е5000 MW

↔֥ Е5000 MW

↔֥ Е7100 MW

↔֥ Е5000 MW

Å ῪҘ⌐180+

Å PCT Ҙ⌐ 6
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ᶡԑЕҡ ЇHJT ꜗ ғ ᴮׂש Ї ҟ֥ ꜘ ɼ

HJT֥ ב

ᴥ 705Wp+

210 HJT ᴌ

ҡ ꜙ Ї2018-2022

97.5

144.0
160.6

188.3

293.8

47.7%

56.0%

0

50

100

150

200

250

300

2018 2019 2020 2021 2022

ֽᾣ

11.5%
17.2%

YoY ҟ ῇ

ҡ1986

2006 Ὺ ҅ Ὴ ֥
ᵩ ֥ ֥

2002 ᾩᴥ ֥
ғ┼

2019 ꜠HJT

2020 HJT ᴌ ₴ ҅

2010 ҡ ֢ ∕ҟ ҏ

₴ꜗ Е680-705Wp

Е22.7%

30 ꜗ Ḧ Е90.3%

Ї

Ӏ

Ҏ ῇ 8ֽᾣ

Ӏ 583 Ҙ
⌐

ᾩᴥ 3ү

Å ᵤ ᾩ  ⁯ ᴶ Ї
ᴌ ꜗ Ж

Å Ї ᵤ  Ї
ғ Ж

Å ש Ӏ Ї
⁯  50%ɼ

Е Ӏ

ҡ ᴓ ῎ ԓ 

1986 ЇӀ Ԑה ɻ
ᴌװ Ί ᾩᴥ

֥ ɻ ֥ Ї
ᾩᴥ ֥ Ҙҟᶱ ɼ

Е῎ Ї῎ Ї
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Å 2006 Ї ҟꜙ ֥Ї ᾩᴥ ᴌҟ

ꜙӐ ᾩᴥ ꜘ ɻᾩᴥ ɻᾩᴥ
ᴌɻᾩᴥ ᾩᴥ┼ ҟꜙ

Å 2020 ЇHJT ꜗ ֥

Å 2011 Ї ҏ Ї ᾩᴥ
1.5GWЇ֥ҟ ԝ Ї ԋ
ה ᴌᶱ └ᾩᴥ

Å 2021 ЇiCell қЇ HJT Ґ

Å 2022 Ї ֥ 600MW

HJT210 Ὴ ֥Ж 700+ ꜗ HJT

ᴌ

24.7%

HJT

῝ ֥   HJT210
98.5%

HJT

23%

24%

25%

26%

2021

H1

2021

H2

2022 2023E 2024E 2025E 2026E

96%

98%

100%

2021 2022 2023E 2024E 2025E 2026E

Å Е ԋ100 Ґװ
֥ , ֥

120 Ґװ ֥ Ж

Å Е Ї
ɻᵤ Ї

Å Е 680֧Ї
↔֥ 10GWЇ
֥ 2GW48.4

51.3

30.2
25.3

66.9

5.9%

-41.2%

164.3%

0

10

20

30

40

50

60

70

2018 2019 2020 2021 2022

-16.1%

ֽᾣ YoY ҟ ῇ

ᶡҎЕᾩᴥ ᴌᶱ Ї2020 HJT ꜗЇ ╦ ɻ ҩ HJT

֥ ɼ

ꜙ Ї2018-2022 HJT ֥ ⅎ ∆Ӄ

Å Е 860֧Ї
↔֥ 12GWЇ
֥ 3GW

Е῎ Ї῎ Ї
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Å ᴌꜗ 425WÅ 210mmЇ12

N HJT

Ņ −ᾩᴥņЇ
ᾩᴥ ҟ Ὶ

ᵲҿӀ ҟꜙ

῎ ЇӀ ҟꜙ
ꜘ

1994

2010

῎ ֢ ҏ

2021

Å ↔֥ 1.2GW+

֥ 4.8GW

Å ҿӀɻ ҿ Ї
װ Ὺ

Å Ὺ Ҳ ⅎ Ї
Ӏ ҡ ɻ ᴗ
֒ Ї Ӏ ҿ
ꜘ ɻ ҡ ֘

Å Ņ ņŅ
ᴮ ņŅ  TC0 ņŅ

ņŅ
ҏװ25% ņŅ
ņ ᵯ

ꜗ ᴶ
ᴌ 30%

MBB

⁯ ⅓ ᴺ Å ᴌ ꜗ └
25%

῝ ֥  ð JGDN80 HJT ᴌ

7.4

6.1

3.3

5.2

-16.9%

-46.3%

-2.6%

62.8%

0

2

4

6

8

10

2018 2019 2020 2021 2022

ֽᾣ

3.2

YoY ҟ ῇ

ᶡ Е −ᾩᴥᵲҿ ꜘ Ї2021ה ᾩᴥҟꜙЇ HJT Ї ╦ ֥ԋ
1.2GW HJT֥ ɼ

−ᾩᴥ ꜙ Ї2018-2022

−ᾩᴥ ԓ − Ґ ҅үԐҟ
ɼ − ԓ1994 Ї ҅ Ҙ

ԓ ɻ ɻ
֥ԓ҅ᵩ ᴗҟɼ

2021 −  ᾩᴥ֥ҟЇ
HJT ғ ᴌ֥ Ї ԋ

῎ ┼ ҟӐ ɼ

−ᾩᴥHJT ֥ ⅎ ∆Ӄ

Å2023 ӎ֥ Е
1200MW

Å ↔֥ Е4800MW

Е῎ Ї῎ Ї
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҅ЉῊ ᾩᴥ ҟ

ԑЉῊ ᾩᴥ ⅎ

ҎЉῊ TOPCon ֥ ⅎ

ЉῊ HJT ֥ ⅎ

֒Љ ⅎ  -Ὴ HJT Ӏ ⅎ

῏Љ ⅎ  -Ὴ XBC Ӏ ⅎ
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XBC

ԓTOPCon HJT Ї XBC Ї BC ЇXBC ῗ
ҏ ɼ Ї ╦ ׃ ɻMaxeonЃ TCLҲ ῎ Є XBC֥ ɼ

ЕIHSMЇ

֥ ЃGWЄ XBC ӎ֥

ӎ֥ Ӑ Ѓ ẅЄ
XBC

ӎ֥ Ї2023E ↔֥

~30%
HPBC ֥Ї
֥ Ӥ BCҿӀװ

19% ABC ֥

Maxeon 43% xBC

Silfab - xBC

Solitek - xBC

Carbon - xBC

33.0

8.5

1.3

0.0

0.1

0.0

0.5

1.2

0.7

1.0

Е2023 ӎ֥ ҿ ẅɼ ↔֥ ԓ2023 ╦Ҏ ɼ֥ ҿ ẅЇ ғ ᴗҟ ӎ֥ ӎ֥ ẘ ɼ
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ῇЇ2018-2022

2000 Ї

῎ Їװ ᵩ
ɻ ᵩ ɻ┼
ɻ ҿӀ ҟꜙɼ

2015 Їӕ ᾩᴥ ῳ

Ї῎ ῊⱵ
ⅎ ᾩᴥҟꜙɼ

2012 Ї῎ ҏ֢ Ӏ
ҏ ɼ 10 Ї

֥Ї ֥
1GWɼ

2022 Ї Ὴ

Ὴ ᾩᴥש҅ ᴌ
֥ ðHi-MO 6ɼ

2023 Ї HPBC ῇ
֥ Ї ֥ 1.5GWװҏɼ

₴Hi-MO 7֥ Ї Ӏ
HPDC ɼ

῝ ֥   Hi-MO X7

BOS Е Ӏ ֥ ЇHI-

MO7ꜗ 4.5%Ї
Ї Wp ɻ ɻ

ɻ ֢ ᶽ Ὴ

ᶡ҅Еᾩᴥ ҟ BC Ї ҿҟῪ ɼ ῚBC Ί
ԎⱵЇᾥⅎ ԋῚ BC ɼ

Е῎ Ї῎ Ї

Ї ᾨ ḦЕ
ԓ ɻ

װ ᴌ ҏ
ᴮ ЇHi-MO7 ᶱԋ

⁯Ғ ԓ0.4%

ꜗ Ḧ

ᴓ ῎ ԓ2000 Ї Ⱶԓ
ҿῊ Ίᴍẅ ῎ ɼ Ņװ

ᾩ Ї∕ қ ņҿᶕ Ї Ņ ằ
ɻ ņ ᵣЇ ∕ Ї

ɻ ᴌɻⅎ ᾩᴥ ” ɻ ᾩᴥ
” ɻ ֒ ҟꜙ ɼ Ὴ

Ņ ņ+Ņ ņ֥ ” ɼ

ЕHi-

MO ᴌ
ɻ ᴌ ɻ
ɻ
ᵤ

Е
ԓ ɻ ᴮ

ꜗ Ї
ԓ Ӏ ᴌ

3%

%

12.3 16.8
25.9

43.9

71.4

36.2%

54.6%

69.5%

62.5%

0

20

40

60

80

2018 2019 2020 2021 2022

YoYֽᾣ

BC ᴰ 5-6

Ӏ ɼ

ðð Ԑ
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ᶡԑЕ ᴓ ᾨ BC ЇABC֥ ᾩ ҟ ᾨɼ

N ABC ᴌ֥ ב

N ABC ᴌ ∆
54 -Ὴ

ᴓ ꜙ Ї2019-2022

ᴓ2009

2017 Ὴ ֥ PERC

2016 PERC

2022 Ὴ ₴ABC ᴌ

2023 ABC ᴌ ֥ 24%+Ї
֥ 26.5%+

2021 ∕ ABC

ᵤ ⁯Е
Ò1%Ї Ò0.35%/

מ֢ Е22.5%-23.6%

ᵤ Е-0.29%/ɹЇ

ḦЕ15 ֥ ḦЇ
30 ꜗ Ḧ

ᾩ

ҿ ᴍẅ ᴯᵊῗ

Å╦ ᾭ Ї
⌐ ῇ ᾩЇ⁯

ᾩ Ж

Å ꜘ n+FSF ҅ ᵤ
Їᶕ BC

ҏ ᴮׂשЖ

Å PN ɻ ᵣԓ Ї ҿ

ᴮׂשЕ +

ҏ ᴓ ῎ ԓ 

1986 Ї Ὴ ᾩᴥ Ӏ ᶱ
Ӑ҅ɼ῎ ԓ
ɻ ֥ ᴮׂשЇ ₴ԋװ

ABC ҿ Ї
Ņ Ỵņᾩᴥ ᵩ ”

ɼ

Е῎ Ї῎ Ї

60.7
96.6

154.7

350.7
59.2% 60.1%

126.7%

0

100

200

300

400

ֽᾣ

2019 2020 2021 2022

YoY ҟ ῇ
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ᶡҎЕ SunPower TCLҲ ЇMaxeon ֥ ᴮׂש Ὴ ᴮׂשɼ

Ҏ ᴮׂש

Å֥ ᴮׂשЕMaxeon IBC ∆֥ Ї҅ Ὴ ҟ ֥
ҟ֥ Ҳᾩ ֥

Å ᴮׂשЕMaxeon қ ү 1483 Ҙ⌐ 412 Ҙ⌐
Ї қ

Å ᴮׂשЕMaxeon 100+ү Ї 1700+ ᵲᴯᵊЇ
֥ҟ Ὴ ᶱ ᵩ ɻ ꜙ ֥

ᵩ

2023 5 22 ЇTCLҲ 22.73%װ ᴓ

ҿMaxeon ҅ ҡɼ

2019 11 11 Їҿԋ ḈTCLҲ Ї

Sunpower ⅎ MaxeonЇ

ᾩᴥ ┼ ⅎ ҟꜙɼSunpower

ᴰ Maxeon Ґ҅ש ҏ

ᵲЇSunPower ЇMaxeon

װ ҿ ∕ ֥ɼ

TCLҲ ғSunPower῎ ᵲ N IBC └24%-26%Ї

ԓқ ᾨ ɼ

2023

MaxeonװŅMAXNòҿ ᾫ ҏ .

2020

2019

2012

MaxeonװŅWe Push the

Boundaries ɻ We Hold

Ourselves to a Higher

Standard ɻ We Thrive

Togetherņҿᴍẅ Ї
ᴌɻ ” ɻ

ꜙ ꜙ ɼ

Maxeonᴍẅ

Maxeon Maxeon& ᵲᴯᵊ

ᴌ ” ꜙ

Е῎ Ї
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