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2021 Installation, production,

Manufacturing capacity, preliminary numbers
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Share by country along the value chain in 2021
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Polysilicon Production in 1H2022 in China

Polysilicon Production (Unit : 10,000 t) Monthly production by company
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» 365,000 tons of polysilicon produced in China, a 53.4% increase, YoY basis
« Production in July was dropped and expected to increase in the 2"d half of 2022
» Power control in Sichuan affected the production
» GCL started production by FBR process (100,000 tons/year)
« Enhancement plans are announced
* Inner Mongolia : Tongwei, Dago, TCL/GCL, East Hope, Risen Energy
* Qinghai: Canadian Solar, Trina Solar
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Wafer Production in 1H2022 in China

Wafer production (Unit : GW) Wafer size outlook by CPIA
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« Wafer production in 1H2022: 152.8GW, a 45.5% increase on YoY basis
Share of larger sized wafer is increasing

Tier 1 manufacturers modified manufacturing lines for 182mm (M10) and
210mm(M20). M10 will be major size in 2022

Tungsten wire saws are introduced in place of diamond wire saws for cost
reduction

Thickness of wafer :165um - 160um
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Cell Production in 1H2022 in China

Cell production (Unit : GW) Cell technology outlook by CPIA
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« 1H 2022 production : 135.5 GW , a 46.6% increase YonY basis

» Major technology is PERC but share of n-type technologies will increase towards
2030

« One third of recent new manufacturing capacity plan to adopt n-type technologies
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Module Production in 1H2022 in China
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» 1H2022 production : 123.6GW , a 54.1% increase on YoY basis

» Production of higher output PV modules (540W or more) is increasing because of requirement for large
scale PV projects tender. N-Type PV module specific tender is also implemented (4GW of demand)

» Operation halted or operation ratio reduced in some companies due to price hike of PV modules
Exported PV module in 1H2022: 78.6GW, @ 74.8% increase

* Major destination in 1Q 2022 was India (Before India started BCD)
*+ In2Q 2022, demand from Europe increased. Over half amount of export went to Europe
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ITRPV published in 2012 predicted more mono-like Si
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Trends of PV module technologies
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Looking back industry situation in 2010 and 2021 situation

2010 % 2021
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Source : IEA. “Solar PV Global Supply Chains”, July 2022)

* While PV markets diversified more and more, supply chain concentration
in intensified
» China heavily invested polysilicon production and wafer productionChina

also became a major producer of PV glass, EVA, back sheets and
junction box, etc.
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Chinese PV Target set in 2010 and 2021 status: Crystalline silicon technology

| umt | 2000 2020 2000 | 203

Efficiency % 16 -19 18-20 20-22 _ >25
PolySi consumption a/Wp 7.0-9.0 6.0-8.0 4.0-6.0 - 4.0
Gw 4 10 20 [ 18186W 100
Domestic deployment
(Cumulative installed GW 0.3 5 50 500
Polysilicon price $/kg 50-60 30-40 20-30 _ 20
PV module price RMB/W 12.0-15.0 8.0-10.0 6.0-8.0 _ 5.0
10000RMBAKW 1820 1215 810 | 415 | o8
PV generation cost
RMB/kWh 1.50 1.00 0.80 0.60
(1,500h/annual)

Source : 2009, 2015, 2020, 2021, 2030 figure: Li Junfeng, Wang Sicheng, 11t PV Conference and Exhibition (November 2010)
Souece: 2021 figure : CPIA, RTS Corporation, IEA PVPS SnapShot Report
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Success of Chinese Industry

» [dentify challenges in early stage
— Local polysilicon production
— Local material supply chain : glass, encapsulants, etc.

— Manufacturing equipment
« Economy of the scale backed

» Technology enhancement (efficiency gains, larger and thinner wafers,
throughput, etc.)

* Policies to stimulate market
— Golden Sun Program (subsidy)
— FIT Program

* Policy to encourage higher efficiency products: Top runner program
* Financing
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Chinese PV Target in 2010 and 2021 status: Other technologies

" TUnit] 2009 | 2015 | 2020 | 2021 _1-2030 |
TF silicon 5-8 8-10 10-12 15
CdTe 9-11 11-13 13-15 18
Efficiency %
10-12 13-15 16-18 20

3rd Generation PV Tetllfgnolokgi Commenc
C?hroruegah' ialization

Source : 2009, 2015, 2020, 2021, 2030 figure: Li Junfeng, Wang Sicheng, 11" PV Conference and Exhibition (November 2010) and RTS
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Companies Perovskite PV commercialization plan in China
Company Technology Status

2 —— Hangzhou Microguanta Semiconductor PVK +100MW/year commercial line
- (FU ke EBARHS) -Shipped 5,000 pieces of modules

b %CI;SII)Optoelectronlcs Material (1522545 PVK, Tandem - Pilot operation of 100MW/year line in Dec 2021

+10MW/year line. started commercial operation in July

9 pazheng DaZheng (Jiangsu) Micro-Nano . 2022
Technologies (KIEf#ATHS) Flexible PVK -Plans to increase 100 MW/year

T Wonder Solar (BEEE PVK -Established pilot line in August 2021
M}Eﬂgﬁf Uz%%iﬁgl;éhégechnology PVK +Plans to star pilot production in Q32022
CATL ERRFAHTEERREE (CATL) PVK +Pilot plant construction in underway (May 2022)
@ Shenzhen Infinite Solar Energy PVK ‘Test I_ine will be completed in 3Q2022 and plans to start
o Technology CARYIFERREAELIT) (substrate?) 02?3[22(:2 i?u)::rtQZseendotr?é igiicity to 100 MW/year in 2024
{);i(n;leixin Semiconductor (&Z&+8 (Ps\tj}éstrate?) -Media reported to establish 1GW/year line in July 2022

Source: press release, etc. compiled by RTS Corporation, as of August 2022 f‘ 4 RTS Corporation 16




CPIA Outlook for conversion efficiency of PVK technologies (Feb 2022)

PVK Type (Surface area) 2021 | 2022 | 2023 | 2025 | 2027 | 2030

Small laboratory cell (0.1cm?2)
Champion efficiency

24.8%

Glass substrate small-sized

0
PVK module (30cm?) il

Glass substrate (>900 cm?) 17 %

Flexible module 20.2%
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Outlook and policy action towards 2030 by IEA

PV capacity additions PV supply chain investment PV critical mineral demand
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« By 2030, to 850 GW/year of PV manufacturing capacity needs to achieve net zero GHG emission by

» |EA’s five key policy action areas to ensure solar PV security of supply
 Diversify manufacturing and raw material supplies
» De-risk investment
« Ensure environmental and social sustainability
« Continue to foster innovation
» Develop and strengthen recycling capabilities

Source : IEA, “I'Solar PV Global Supply Chains”, July 2022 Yy RTS Corporation 18




Lesson learned
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