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How we conduct analysis

Information in the National Survey
Reports from each member country

RTS’s primary survey for non-member/
member countries

Available information and figures from
— Industry associations such as CPIA
— Press releases, etc.
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Trends of annual capacity
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Installation, PV module production & capacity

Unit (MW)

250000
200000

150000

100000
0 _— ..I .ll III II II II II I

2007 2008 2009 2010 2011 2012 2013 2015 2016 2017 2018 2019

M Installed capacity W Production ™ Manufacturing capacity

« « [Effective capacity: less than reported figure
m  Gap is widening due to Chinese 5.31 policy in 2018
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Production share by country

Share of PolySi production - 2018 Share of PV WaferProduction - 2018
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Chinese market gave non-negative impacts on production

Annual installed capacity in China
2017: 54GW - 2018 : 44GW

Polysilicon Si wafer Si cell PV module
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sc-Si share increased

PVPS

Photovoltaic module production (GW)
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an | Solar cell production PV module production PV module shipment

k (GW) (GW) (GW)

1 |Hanwha Q CELLS 7,4 |JinkoSolar 8,6 |JinkoSolar 11,4
2 |JA Solar 7,0 |JA Solar 8,5 |JA Solar 8,5
3 |Tongwei Solar 6,5 | Canadian Solar 8,0 | Trina Solar 7,5
4 |JinkoSolar 5,8 | Hanwha Q CELLS 7,7 | Canadian Solar 6,8
5 | canadian Solar 57 LONGI Green 75 LONGI Green 6,6

Energy Technology Energy Technology

Note: Production volumes are manufacturers’ own production, whereas shipment volumes

include commissioned production and OEM procurement.

Source RTS Corporation (with some estimates)
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2019 Trends in the upstream sector

* Production capacity increase
« Higher efficiency & output
Combination of several technologies
Full shift from conventional to PERC cells
Increase of commercial production of HJT
sc-Si increases the share driven by Longi
Bifacial PV module shipment increase
 Further cost reduction

« Polysilicon and wafer price reduction

* |Increase of wafer supply but oligopoly advanced
 CdTe PV module shipment increases with First Solar S6
« Consolidation continues
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PV module production capacity by major companies
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Production capacity of major players as of Sept 2019
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2019 1H Shipment

ﬂ 2019 1H Shipment (GW)

- JinkoSolar(China/Malaysia) 6.4 JinkoSolar(China/Malaysia) 11.17  JinkoSolar(China/Malaysia) 9.8
. . . . Trina Solar

! JA Solar(China/Malaysia) 5 JA Solar(China/Malaysia) 8.5 (China/Thailand/Vietnam) 9.0
UGIE) ST Trina Solar
(Chinal/Thailand/Vietnam) 4.5 (China/Thailand/Vietnam) 7.54 JA Solar (China) 7.2
(CEmEC B EtelEr Canadian Solar
(Canada/China/Brazil/Vietnam Canadian Solar . —
) 3. 7 (Canada/China/BrazillVietnam ) 6.82 )(CanadaIChlnaIBrazﬂNletnam 6.8
Hanwha Q CELLS 35 LONGI Green Energy Technology 6.58 Hanwha Q CELLS 5.4
(Korea/China/Malaysia) ) (China/Malaysia) ) (Korea/China/Malaysia) ’

; GCL System Integration

LONGi Green Energy Hanwha Q CELLS

' Technology (China/Malaysia) 3.19 (Korea/China/Malaysia) 5.60 T?g:i“n‘:;’w (GCLsI) 4.8

GCL System Integration .
Risen Energy (China) 2.78  Technology(GCLSI) 457 LONGi Green Energy 4.7
. Technology (China)
(China)

n First Solar 2.2 Risen Energy(China) 3.35 Yingli Green Energy (China) 3.0
GCL System Integration .
Technology (GCLSI) 22 | 330 Risen Energy (China) 2.8

. Energy/Suntech Power(China)

(China)

n Zhejiang Chint Electrics(China) 2 Chint Electrics(China) 3.15 First Solar (USA/Malaysia) 2.7

Source : RTS Corporation Including estimates
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Status Trends Projects

Capacity for High-Efficiency Tech (2018)

Technology Manufac(tll\Jnl;’(\e’ )Capamty

P-PERC 60000.0
N-PERT 4000.0

Bifacial Modules 15000.0

14
Source: CPVS



CPVIA outlook of PV module cost

sc-Si PERC PV Module Umit: RMB/W
EEPERCEEH
160 22 US cent/W
15 US cent/W
1.20
Poly cost
0.80 Non-poly wafer
Non-poly cell
e Non-poly module
0.00 T
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Source CPVIA roadmap 2018 (Feb. 2019)
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Trends along the value chain : upstream .=
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Debottlenecking G7 > G8
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- inner sc-Si _  Half-cut i

- Large wafer _ Using loT for - Shingles _

optimizing cell - LowerAg -

process consumption.-

Glass-Glass
Non-EVA
encupsulants
1,500V
Bifacial

AR coating
Anti-Soiling
Reliability

Lower cost equipment/ process / higher throughput/ location

. Higher efficiency

. Larger size

. Material/ electrodes
. Process

. Flexible substrates
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Downstream -

 Bifacial PV modules

* Inverter:
—  Central vs String, 1500 V or more????
— Consolidation on the way
— MLPE adopted in specific markets

« Trackers (central control or distributed control)
* Floats for FPV (easier O&M, increased module area)
* Repowering
— Replacing PV module/ inverter, optimizer
* More cost efficient O&M

— Soiling detection, drone inspection,
Al application to detect failures

« PV +Storage (Distributed & Utility scale)
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Towards TW era

PV competitiveness will open the new market

« Cost reduction continues but the pathway will change
— From economy of scale to technological improvement
—  Carbon foot print !
— Logistic cost matters

« Efforts on differentiation required

- Higher performance, higher reliability
- Added-value: BIPV, VIPV (Vehicle-integrated) , FPV
- Sustainable manufacturing

o Re-definition of bankability required
"« Shaking out or consolidation of upstream sector will
continue. Inverter sector as well.
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