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Part 1: Solar PV Development in China & 158 4~: ¥ H 49 X A fE R R

The PV Value Chain (multi-crystalline)

Polysilicon Wafer Solar Cell Solar Module Systems

China’s solar PV manufacturing started in early 2000s in response to the growing
demand of European markets (Germany in particular) boosted by feed-in-tariffs (FiTs).
Initially China’s solar manufacturing focused on solar cell and modules, 95% of the
production exported. Today, China’s solar manufacturing is the world leader in all
segments of the production chain.

fE LR AT (FiTs) BJHESNN, A ERRBHBEGIRBIE N IR F-20 1 280),  PAN A B i
IR CRpRl e f8 D MR K. Sed] A B I ABH RE 36 Mk L A BH fE F it AT L1,
95 % By i FH T H H o An4,  Fp [ AR B B )3 b o AR 7 B 234 B RS
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Part 1: Solar PV Development in China % 15k 4~: + E 49 X A AL 1R 2

China’s PV Manufacturing Leading in all Segments of Production Chain

B BB R B ST T S Ar

Poly-Si PV Cell Module WET{ (]

"r°°";§;§;‘ﬁc“a‘“ £ G SR et e i 4 ¥
(1000 Ton) (GW) (GW) (GW)

Global=Ek 400 74.8 75.0 72.0 73.0
Chinaf 194 64.8 51.0 53.0 34.5
Share %Lt  48.5% 86.6% 68.0% 73.6% 47.3%
Global4&=®Ek 432 105.5 100 107 102
China* 242 87.6 68.0 76.0 53.0
Share %5tk 56.0% 83.0% 68.0% 71.0% 51.9%

Source: China Solar PV Industry Association
R F EDS IRk
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Part 1: Solar PV Development in China % 158 4~: P B &7 X 8 f Bk A&

Upstream: Production of Poli-Si
L. BEREFE
(1000 tons)
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Source: China Solar PV Industry Association
R F EDS IRk
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Part 1: Solar PV Development in China % 15k 4~: + E 49 X A AL 1R 2

Midstream: Production of Solar PV Modules

Flif: KFEBEERAH &
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R F EDS IRk
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Part 1: Solar PV Development in China % 1Sf4~: P [ 9 K8 4t Bk R &

Installations GW)

Downstream: Solar PV System Installations

T KB R RG2S
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H World 125 30.2 32 384 43 53 73 102

Years

M China W World

Source: China Solar PV Industry Association
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Part 1: Solar PV Development in China % 15k 4~: + E 49 X A AL 1R 2

Energy supply

Job creation
| 4
Economic impact

21920

Social benefit

A

Ecological benefit

B
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Summary: Impact of Solar PV Development in China

B4 EAEREIR KRR

1 Description of impact B /&R i

Installed solar PV capacity: 129 GW (7% of the national total); power generation 116.6 TWh (1.8% of
national total) in 2017.

20174F, KFHEECRBENIAE N129GW (HERBEMNTY , RHEE116.6 TWH (5EEBER1L 8%) .
More than 2000 firms in solar PV industry, with over 2 million jobs in 2017.

201 74E K A AE AR AV A8 20005%, #24:2002 5 ANk Az

Over 1 trillion yuan direct investment in solar PV industry during 2011-2017; solar PV industry contributed
170.8 billion yuan in tax revenue (subsidies received 60 billion yuan) in 2017.

2011-20174F, KBHBECAR W HEAR B 174470, 20174E 1% RN X 17084270 CRiv
6001275) -

Solar PV provided electricity to 1.54 million rural population (contributed to the achievement of 100% of
electrification by 2015); and helped 1.65 million rural households out of poverty.

KEAREGAR & B 15473 48R N DR H 7 (FI20154ES2HL100% 540D, FFHSBI165 5 404 5 RE i
s

Cumulative solar PV power generation amounted to 256.5 TWh, equivalent to 80 million tons of standard
coal consumption, reducing CO2 emission of 210 million tons.

i RFHAE R K B B A256. 5 TWh, AH24T-8000 5 MibnfESERE, I8/ CO,HER2. 142ME .
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Part 1: Solar PV Development in China % 1 4~: ¥ E 9 X 848 IR A&

Factors behind China’s Success: Energy Policy + Industrial Policy
T EMIIRIER: BEIRBUR+™WBUR

Energy Policy: supporting energy transition to reduce pollution

REVRIEUSR . SCHpReUE e B LAY/ e

* China intends to raise the proportion of non-fossil energy in primary energy consumption to about 20% by
2030.

o ETHRIFI20305F R E A REVEAE — IR BEVR I T B LU IR iR R 420 %

* China promises to cut its 2005 carbon intensity by 40-45% by 2020. Target already met by 2017 (-46%).

o HPEZK VA 20204 B HE I 5E BE L 20054F [£11£40-45 %, 20174 C Sl HAr (FEK46%)

* China’s CO, emissions shall peak around 2030; by then the newly added energy demand will be met by
non-fossil energy.

o PEBCO MM EAE 20305 A Ak G, AR IR B I A AT BE VR T A BT REVR 5 K

Industrial Policy: supporting domestlc manufacturing to create jobs

fﬂkﬁzﬂ% SCHF PN )3 M g LB B
Generous feed-in-tariffs boosting the domestic market for solar PV installations

o 0 BRI B SCREE S TR N OKFE e BRI

* Tax credit for solar PV products (-50%), extended to 31 December 2020

o KPFHEESAR= MBS S (FER50% ) BUSR AEK 22 20204F12 H31H

* Dedicated industrial park for Solar PV manufacturing

o« OKPFHAESG RIS Tk bl [X




Part 1: Solar PV Development in China % 15k 4~: + E 49 X A AL 1R 2

China’s Feed-in-Tariffs for Solar PV
Hh [ K BH gE OB AR B _E R B Ay

Yearky [8] Utility Scale Solar PV (Yuan/KWh) Rooftop Solar PV
LV RIAR A BHEE IR 2 10K BH Be R
Class Ill Region* Class Il Region* Class | Region* (Yuan/KWh)
=KX R X* —KHhX*

1.00 0.95 0.90

0.98 0.88 0.80
0.85 0.75 0.65
0.75 0.65 0.55

201846 8 LS ' ' '

*Three regions are defined based on solar resources and construction cost
*FR A A BH R B U A B A K1) o = A X
Source: China National Energy Administration
PORIRIE: 1 [ oK RE YR )
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Part 2: Potential of Solar PV Market in Developing Countries

F23 . AETFERXRMAARRTHOE]

Population without Access to Electricity

TLEAO

millionJ & % million d }J %
Africa E||5f9ﬂ 48% 602 36%

Developmg Asia 439 11% 54 1%
SV 7= FE o 3 (X

Central and South America 17 3% 4 1%
HERMEEEN

Source: World Energy Access Outlook 2017, International Energy Agency
BRI : 20174F (ARl EE) , EHPrRElE
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Part 2: Potential of So[ar PV Market in Developing Countries
F230 4 AT B RK KA UK TG0

Estimated Solar PV Installations in Developing Countries (GW)

Wit kR EFKHIRFHEAREIEE (GW)

_ 2016 (Actual) 2030 (Scenario) 2040 (Scenario)
2016 (SEFR) 2030 (IR 2040 ({FE)
Developing Asia 25 304 576
(exc. China)

TR BEFHX (FEER
’ ” "
Eurasia XK K 0 2 4
Central and South America 3 22 36

el S RSTEE S|

Source: World Energy Outlook 2017, International Energy Agency
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Part 2: Potential of Solar PV Market in Developing Countries

F2Hy: REFEARRKMERKTZOES

About 30 GW: China’s relocation potential
£130GW: H E R REBE

* In developing Asia, the net increase in solar PV installations from 2016-2030 would be
+279 GW and 2030-2040 another +272 GW = a major market.

o EWPREFHIX, 2016 - 20304 KPFHREGARIEHL 18627975 FL, 2030-2040
EWHE T G2725 L EE T

* |n Africa, the net increase in solar PV installations would be +45 GW, and 2030-2040
another +77 GW =» 2nd largest market.

o fEIEM, REHBECARILALIFIGKCORE A 2455 FL, 2030-2040F it #4775 PL=>
K

* On average, the requirements of solar PV modules in developing world would be 30 GW
per year during 2016-2040, which can be produced locally instead of imports.

* 2016 - 20407, K E SRR GIRA-F R E R 2305 B, 4l (e i
A, AN TR BRI T

* China’s manufacturing capacity is about 80 GW, it is possible to relocate 30 GW of
production in other developing countries.

o HEMFEREZI N80 B, 1] LA HoAh kR A B K #2307 L.
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Part 2: Potential of So[ar PV Market in Developing Countries
F230 4 AT B RK KA UK TG0

Relocation: Chinese companies’ motivations
%% TEHAFRNBI
* China’s solar PV exports are facing increasing trade barriers (anti-dumping) in the world.

o PEIKFHEES AR D T 5 S BE2e O BisE)  H a2

* The developing countries often require domestic content in solar PV projects.

o R E ZFRAEEX R FH RETGRIH $2 H =1l EER

* The labor cost has been increasing in China so the manufacturing in other developing
countries would be more competitive (e.g. 50-80% in Southeast Asia)

o WEZTN A LT, HAh R T E KB HE N E B S ) ORE RS 8 1A
2177 [E [150-80% ) -

* Chinese companies have already established 6.5GW of solar cells/modules capacity
abroad.

o P EAME SR FH B8 LB/ AR RE A 216,57 L.
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Part 2: Potential of Solar PV Market in Developing Countries

F230 0 REFTERXRMAENMRT H6HE)

International comparison: rising wages in China

EPrEE: ET R EEKER

Wages per hour across all sectors
Constant prices [US5)

Brazil 3.4 —

-

3030 Brazil

2.5

/ 2.2 Thailand

Mexico 2.0 T 2.0
e i <
“"--?_/_f__ 1.9 Fhilippines
il ey |
Colambia 1.8 e = ig Eqilsirpgra
SaE z
Philippines 1.7 —

Thailand -

[China 1.5 -

Source: Euromonitor International

BORLRIE: B [ Br

Manufacturing wages per hour
Constant Prices [{US5)

2035 2034
T

Partugal 8.3 -

Zracit 2.9
— 2.7 Zrazil
- 2.5 Argentina

iaxicn 2.2

argentinag 2.1 2 2.1 Hexico

2.0 Thailand

e = 1.7 Colombia
Thailzrd 1.4 e i
Colambia L4 —--57 7
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Part 3: “Industrial Park + Solar PV” Model %33k 4: “TZLYERX+KfageR” A

Solar PV Production Chain: Staged Transfer

AFHBEERAE T 5E: BB

Country/ Silicon/wafer | PV cells PV modules PV systems Marketing /

Production Chain RE/ B YR B8 ik FefRH A4 IR RS Installations

B BN ot ]

*** sk %k % %k k sk %k % %k k sk %k % %k k sk %k % %k k

Large market %k k K 3k %k k K 3k %k k k K 3k %k %k k
countries

(>1GW/year)
RETHEK
(>1F BL/E)
Middle sized %k %k %k %k 3k %k k %k %k %k %k k
market countries
(0.1-1 GW/year)
hEITE XK
(0.1-1% FL/4E)
Small market sk k
countries
(<0.1 GW/year)
/N E K
(<0.1F /)
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Part 3: “Industrial Park + Solar PV” Model £33k 4-: ‘T YR RX+XKfagk bk’ A

Solar PV Manufacturing Investment IN Industrial Parks
Tk e X P B K FH g2 6 AR il i b 3% 3%

* Industrial parks are effective to attract foreign investment in manufacturing: one-stop shop, tax
benefit, access to infrastructure (roads, ports, energy, communications).

o Tk X aeH R G AE M F FE: —uh RS Bl REati i GER.
1. BedR. 1BE) o

* Investors in solar PV manufacturing (e.g. PV cells, modules) can be among the “first movers”, and
encourage other investors.

o RPHAESGARFIEN, CanyetReth . HAE) MR ETT LS “SE” , HrmshHAR
T

* Supply chain within the park (manufacturing, supported by R&D, logistics, demonstration,
training etc.)

o FIXAIEENEE GRERIE. BTR. JEE). RiE. BRI

e Support rural electrification in the country.

o CFFEZRA X AL

* Access to export markets in neighboring countries.

A [ B E T 3
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Part 3: “Industrial Park + Solar PV” Model #33:4%: “T L F RXK+XKfEEE4K” R

Solar PV Deployment FOR Industrial Parks
o9 Tl el [X #8 KBH BB AR & HL

* In developing countries, stable energy supply is often one of the constraints, even for industrial
parks.

o fEREHEZ, RIER T XA, sedi N A e 22 R R —.

* Solar PV can be deployed within industrial parks as part of the energy supply.
o A LAAE TV e X N E B R FHBEGAR, VRN REIR AR N I — 847

* Solar PV based smart minigrids can help to ensure stable and affordable power supply in industrial
parks, and provide demand response to the electricity grid.

o EETOKPFHAEGAR B R Ao f 2 e AT LLFRE Bl OR ol bl X fE (i AG e Hor] 4, IR B 3
(ST NS

* Other new solar PV technologies such as building integrated solar PV (BIPV), energy storage can be
demonstrated in industrial parks.

FIAEFE XA J s Ho At g ROR BH BE YGRS @ 38— AL REHEES Gk (BIPV) « BEJRAEAF
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Part 3: “Industrial Park + Solar PV” Model £33k 4-: ‘T YR RX+XKfagk bk’ A

Example: Smart Solar based Mini-grid FOR Industrial Park
B AT FE X FTE K FH fe iR & e B
e ' e Singyes Renewable Energy Industrial Park,

Zhuhai, China
o [E BRI FT BE YR = M [

e Smart Minigrid, building integrated PV
(BIPV), PV corridor, PV pavilion

o BRI M. JeREFR A, Ot
PRAER. JeRREE

* Installed Capacity: 5 MW
o RHLBE=E: 5MW

* Installation Area: 50,000 m2
o M. 5HPHK

Photo credits: Singyes Solar
KR RIR: Pl oK FHBE * Electricity generation: 5173 MWh
)\ PEKING UNIVERSITY e KHE: 5173MWh




Part 3: “Industrial Park + Solar PV” Model £33k 4-: ‘T YR RX+XKfagk bk’ A

Expanding domestic Solar PV Applications: « Solar + X »
TREAKMEERREA: « XAFE +X»

n u

» “Solar +”model, i.e. “Solar + Farming”, “Solar + Fishing”, “Solar + Sheep raising” etc, can provide viable
business models for expanded solar PV markets in developing countries, and reduce dependence on

subsidies.
> “KPMafe+” BX, B ‘KREf+RL” o “Kmig+ml” o “KMEf+EHL” F, TUMEALXETEAR
T RKPERARTHTATE B LA X, F B H 8 D 3t 4k 69 4% i o
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Part 4: Summary and Conclusions 43k 4: B & Feskib

* Lessons learnt:
- China’s success in solar PV has been based on “energy policy + industrial policy”

o 245 P ETERBHBOCRGUEI I3 T “REIHBGR+BER” -

* Requirement in developing countries:
- There are still 1 billion people without access to electricity, most of these people can be
provided electricity through solar power.

o REHEXRITR: 210/ NToH B w, K FHAE AT 2 e rh ER 7 N K

* Opportunities:
- China needs to relocate its solar manufacturing capacity around 30 GW by 2030.

o MliE: 220304, HEFEEEEZZI30GWRHEE & .

* “Industrial Park + Solar PV” Model:

Investment in solar PV manufacturing can be among the first settlers in the industrial

park; and the solar PV can provide electricity to the industrial park.
“Tolk e+ KBEAE AR BT KFH geG ARG Al AT LAy Tl bl X E b N 31

K BHEE AR R H AT LAy Tl [l X 2 Fa 77
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