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@ 2000-201 756 RFHEYLEZN (MW, DC)

FIGURE 1: EVOLUTION OF ANNUAL PV INSTALLATIONS (MW - DC)
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FIGURE 2: EVOLUTION OF TOTAL INSTALLED CAPACITY (GW - DC)
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@ 2000-2017 XA ENE ERZHL (GW, DC)

FIGURE 4: EVOLUTION OF REGIONAL PV INSTALLATIONS (GW - DC)
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& 2017 BN BEREENENHHER (GW)

L JABLE 1: TOP 10 COUNTRIES FOR INSTALLATIONS AND TOTAL INSTALLED CAPACITY IN 2017 |
TOP 10 COUNTRIES IN 2017 TOP 10 COUNTRIES IN 2017
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FIGURE 6: THEORETICAL PV PRODUCTION 2017 /\ o . — j‘
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Global Annual PV Shipments RS
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Global Leading PV

Manufacturers, by Shipments

Manufacturer Manufacturer Shipments
(2017) (2016) (GW)

JA Solar Trina
2 Canadian Solar 5.4 JA Solar 49
3 Zhongli Talesun 5.0 Hanwha 4.0
4 Jinko Solar 4.9 Jinko Solar 3.9
5 Trina Solar 4.8 Motech 2.9
6 LONGi 4.5 First Solar 25,
7 Hanwha 4.2 Longi Lerri 2.7
8 Tongwei 3.8 Canadian Solar 2.4
9 Motech 3.2 Yingli 2.4
10 Aiko 31 Shunfeng- 2.2
Suntech
Other 45,5 36.4
Total 91.9 69.5

» 20174, HUHHI)FREM T FH TR

Canadian Solar,
5.84%

Zhongli Talesun,
5.50%

linko Solar, 5.39%

other, 50.06% .
B Trina Solar, 5.28%

LOMNGI, 4.95%

Hanwha , 4.62%

Tongwei , 4.18%
Aiko, 3_41%\_ Motech, 3.52%

2016

1A Solar, 7.05%

Hanwha, 5.76%

Jinko Solar , 5.61%

other, 52.37%
" Motech, 4.17%

First Solar , 3.88%

Longi Lerri, 3.88%

Canadian Solar, 3.45%

\Jﬁngii , 3.45%

Shunfeng-Suntech,
3.17%
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U.S. Solar PV Deployment Forecast
16,000
14,000
12,000
10,000
s
g 8,000
:
6,000
=
4’000 l
20 []
T
0 —— e
2010 2011 2012 2013 2014 2015 2016 2017 2018€ 2019¢ 2020€ 2021€ 2022 2023€
N MR S - m Residential Non-Residential = Utility

research (S A

Is now Wood Mackenzie

Top 10 Solar States by Cumulative Solar Capacity

1. California —= 22,071 MW 6. Massachusetts - 2,138 MW

2. North Carolina - 4,412 MW 7. Texas = 1,973 MW
3. Arizona - 3,463 MW 8. Florida - 1,893 MW
4. Nevada - 2,607 MW 9. Utah - 1,616 MW

5. New Jersey - 2,447 MW 10. Georgia — 1,553 MW
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U.S. Solar Electric Generation (TWh)
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Annual Solar PV Installations and Blended Average PV Prices
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Residential Solar PV System Pricing

$4.50 70%
o
g $4.00 e S— 8
£ $3.50 _ 7% 61w :
S $3.00 — ' . 64% &
% $2.50 | g 62% 62% :
° e 61% o
T $2.00 a 60% g
B $1.50 oo M- 58% 58% ©
3 e I i
E $1.00 56% ;
Es EE NN ENEN

w
$0.00 I inni I l 520 B
Q12014 Q2 2014 Q3 2014 Q4 2014 Q1 2015 Q2 2015 Q3 2015 Q4 2015 Q1 2016 Q2 2016 Q3 2016 Q4 2016 Q1 2017 Q2 2017 Q3 2017 Q4 2017 Q1 2018 @
= PV Module Inverter wew Electrical BOS e Structural BOS mm Direct Labor wm Engineering and PII mmmm Supply Chain, Overhead, Margin -Soft Costs as % of Total

$1.40

$1.20

$1.00

$0.80

$0.60

$0.40

Total System Cost (S/watt-DC)

$0.20

$0.00

= PV Module

Fixed Tilt Utility-Scale System Pricing
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50.60
o
$0.40 3
2
5030 8
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50.10
50.00
Q12016 Q22016 Q3 2016 Q42016 Q12017 Q22017 Q32017 Q42017 Q12018
PV Inverter and AC Subsystem s DC Electrical BOS s Structural BOS msssm Direct Labor ssss Design, Engineering, Permitting mmmm Logistics, Misc., Overhead and Markup =PV Module
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Installed capacity (GW)
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€Cents / kWh

EESERIT AN BUER

60
© Fraunhofer ISE Electricity costs
Photovoltaic FIT
=== Household 1 000 kWh/a to 2 500 kWh/a
50 B—=, incl. VAT (2000-2017: +3.7%/a)
== Household 2 500 kWh/a to 5 000 kWh/a
incl. VAT (2000-2017: +4.7%/a)
e | clustry 500 MWhH/a to 2 GWhH/a
40 net price (2000-2017: +4.6%/a)
=== Inclustry 20 GWh/a to 70 GWh/a
net price (2000-2017: +3.0%/a)
30 /‘ Feed-in tariff for PV
Household power price e —8—PV Rooftop up to 10 kw
(2000-2017: -7.8%/a)
20 " =@ PV freestanding
q-——'—", (2000-2017: -10.0%/a)
i“ Feed-in tariff for Wind
Industry power price e
10 . —_ —— r = : ) o~ - == \Vind offshore, initial tariff, acceler. Model
(2000-2017: +4.6%/a)
- - g . & g = = - ' b e = o =@ \Nind onshore, basic tariff
Wind FIT (2000-2017: -1.9%/a)
0 T T T T T T T T
2000 2002 2004 2006 2008 2010 2012 2014 2016

Year Data: BMU, EEG 2017 and BMWi Energiedaten. Design: B. Burger - Fraunhofer ISE , Update: 14 June 2018

Electricity Costs and Feed-In Tariffs (FIT) in Germany

15



Percentage of Annual Installed Capacity

BEERIELIRAAT:

90%

100

80%

70%

60% ® More than 500 kWp

B 100 to 500 kWp
50%

® 10 to 100 kWp
40% ¥ up to 10 kWp

30%

20%

10% 8 @ Fraunhofer ISE i

0% -~
2000|2001 |2002 | 2003 | 2004 | 2005|2006 | 2007 | 2008 | 2009|2010 20112012 (2013|2014 |2015|2016(2017| Year

42| 49|70 |75 |146|14,1|14,0 13,4 | 13,3|23,8|29,6 | 31,0|41,2| 26,5 24,7 | 40,1 | 27,4 | 27,4 | Avg. size [kWp] / Install.

11 | 23 | 16 | 19 | 46 | 67 | 60 | 95 | 146 | 160 | 250 | 234 | 186 | 125 | 77 | 48 | 50 | 67 | No.of Annual Installations
(values in thousands)

Share of PV-Systems in Germany Share of PV-Systems in Germany
by cumulatice capacity (2017) by cumulative numbers (2017)
1%
B up to 10 kWp W up to 10 kWp
© 10 to 100 kWp ~ 10 to 100 kWp
B 100 to 500 kWp H 100 to 500 kWp
m more than 500 kWp # more than 500 kWp

@ Fraunhofer ISE ® Fraunhofer ISE



Average Price (€/kWp)

BERICRRGE N 21T

Historical Price Development Germany for 10 to 100 kWp roof-top PV-Systems

5000 -

4500 -

@ Fraunhofer ISE

Q4 Q4 a4 a4 Q4 a4 a4 Qa4 Q4 a4 a4 a4
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Year

. BOS incl. Inverter

B Modules

Percentage of
the Total Cost

Data: BSW-Solar. Graph: PSE GmbH 2018

o REGIEMBEEIEML, M20164EMI4700€ /kWp LS| 7201 74E 1 1100€ /kWp;

o A% SKAE RGP BB AR PRI
* BOSHIT A% B FEIR, (HEA & LBl A2 BTt .



EPBT [years]

HEEBRTCRARZENEEEEYYE (Energy pay-back time, EPBT) :

Global Irrad.: 1000 kWh/m2/yr

3.5

1.5

Mono-Si

Glass-EVA-
backsheet

2011

14.8%

~300 MWp

@ Fraunhofer ISE

Multi-Si

Glass-EVA-
backsheet

2011

14,1%
~300 MWp

a-5i
Glass-PVB-glass

2008-2011

7.0%
33-45 MWp

pm-Si
Glass-EVA-glass

2013
estimate

10,.0%
120 MWp

CdTe
Glass-EVA-glass

2010-2111

11.9%
963 MWp

CIGS

Glass-Eva or PVB-
glass

2011

11,7%
20-66 MWp

1 Inverter

= Mounting + aabling

m Laminate

B Frme

m Cell

® Ingot / aystal + wafer

m Si feedstock

Technology

Module composition

Status

Efficiency
Scale of production
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2012-20174E HA P A YEARSE 0 (3842 HiT/BL)

*3 R 1R 5 B ) 1+
300
K
252
250 \
197 190
200 “K
150
N 131
100
50
0 y
20124F 20134F 20144F 20154F 20164F - MR =
2012-201 7 E HA KR RS #s (BA46L: Hio/F)
*H AT R B R E I 1
500
450 51
400 - 3
350 e o
\ 24 w— P (<10KW)
300
e *2‘15*\2\53\ I T Ll (10KW-1MW)
250 S =J
200 e AT G (2AMW)
150
100
50
0

20124F 20134FE 2014%4F 20154F 20164 20174F

ro MODGEED =
S| EAEEAE

o JEARA P A% M
20124F #1280 H 7T/ FL B
B2 T 2017131 H ot
/B

« RGN BB E R
[EF2



Projected Growth of Solar Cells in Japan (cumulative)™

El K%{ﬁﬁ?ﬂﬁ%ﬁﬁ% Unit: GW

120

80

100.1

65.7
60

42.8
40

National trends in system prices 2
or different applications (JPY/W) :
2016 2020 2030
Residential PV systems Commercial and industrial Ground-mounted average
(< 10 kw) average (10 kW - 1 MW) (= 1 MW)
2012 451 372 280 *2 Source: Japan
2013 413 342 275 Photovoltaic
Energy

il i i i Association, JPEA
2015 348 256 240 PV OUTLOOK
2016 324 245 236 2030 (2015)

In 2016, Japan’s solar power market was the second largest in the world. Stable growth is
expected to continue, with installed capacity projected to reach 100GW by 2030. 21
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Installed PV Capacity (MW)

BAFEENELBEITEIE (MW)

Annual and total installed PV capacity
in Italy during the 21st century
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i Total capacity M Annual installed capacity

o 2011EEZENLE R AN, bGW, TE 2RI TFE, 201651 A382MW;
o 201 THEEENL & /NI _E T+ 409MW ;
o 20174 BT EEN =R R 119, TGV,
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HHEHrks: €/W

Year 2009 | 2010% | 2011? | 2012? | 2013® | 2014 2015 2016
Standard module
crystalline silicon | 2,50 1,70 1,50 0,80 060 | 0,55% | 0,55® | 0,48%
price(s): Typical
RGiMHKE: €/W
Price/Wp 2011" 2012 2013" 2014 2015 2016
Residential PV
—— 3,60 2,60 2,20 1,67 1,60 1,35
Commercial and 122
oo O 2,70 1,80 1,40 1,40 1,32 )
Ground-mounted 2,80 1,70 1,20 1,03 0,96 0,88
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.0 N

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

® off-grid domestic ® off-grid non-domestic

® grid-connected distributed ® grid-connected power stations

« 20165F RGN =18 3] 1 5. 9GW;
o RS, 201 7TAERENLE L. 36W, EHLEEILEF 7 7. 26W.



$/W pre-subsid

BRHS

Price Evolution of PV Systems and Panels

1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

e Typical PV module price -

2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Lowest module price === Typical small grid system price

2016

EIRAE R RGN R AR

$20164F, LN
TFER] 70, 8IT/W;
AR T B30, 547R
76/ W;

o /NI ZAGIEN T [FF]
2. 42V 1 /W:

« RGUENTEE RGN

PEDIN G

battery...)

Category/Size Typical applications and brief details Current prices
per W

OFF-GRID Up to 1 kW Water pumps, lighting, remote homes $5.50-511

OFF-GRID >1 kW Pastoral systems $5.50- 511

Grid-connected Rooftop up ; :

to 10 kW (residential) Resinential %292

Grid-connected Rooftop

from 10 to 250 kW Commercial rooftop $1.79

(commercial)

Grid-connected Rooftop .

above 250kW (industrial) Industrial >1.82

Grid-connected Ground-

mounted above 1 MW =olar-Earms 32.76

Other category (hybrid

diesel-PV, hybrid with Battery Hybrid $3.15/wW
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India Solar Demand Forecast (MW)

12,000 - | - 80,000

m Annusl Rooftop Solar Instal lations [WW)

10,000 m Annual Utlity-seale Solar Install ations (MW) E - 70,000
s Cumulative Solar I nstallations (VW) =
. 60,000 =
=
E 2,000 - 2
z - sogo0 2
g =
3 L
F 6000 - _appoo E
) E
3 B
£ - 30,000 E
- 4,000 - £

- 20,000

2,000 -

. 10,000

2009 2010 2011 2012 2013 014 2015 016 2017 2013F  2019F  20X0F  A0IF A0XIF

Source: Mercom India Research [Dec 2017)

o 201 THEEENLE NI, 63GW, Bt HeRIENL=IAT] T 18. 3GW;

o WERHIRIE, EIEEAE20185E5E —ZF 228 [ 3269MW I K BH Y64k
20224 N B KA R 1L, 5GW, BT EHL A BIE R T0GW.
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Price of Modules Imported to India ($/W)

0.80 -
0.70 -~
» Range of prices
0.60 .53 0.53
0.49 A
B \ ' 0.40 0.40
0.40 + 0.35 0.34
Average module
SRk price 0.32
0-20 I I I I [ I I I I I I I [ I I I | I I I I 1
O O W O O O O O O O O O N N NN N NN~~~
e e v sl 9w g g g g s s e s s ey gy sl e
TP 22853238383 22338532838

o AT 20165E0. 538/W T R 1720174+ H #I0. 348 /W,
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PV capacity (GW)

@ 20224E & REENL A B K K BRI

Solar PV generation and cumulative capacity by region, 2016-2022

1200 1000

/

@
800 / - 750
0 250
2016 2017 2018 2019 2020 2021 2022
-@- Generation Europe . China APAC . North America . Latin America
. Africa Middle East . Eurasia & Accelerated case

#)20204F, AHOGRIENLE ERK X FI700GW, LK HEERIA730TWh;

20224, OGN E /L RI860GW, &k L& R iA900TWh.

(Uml) uonesauad Ad



& 2050 kKR BB & AT

Figure 8: Regional production of PV electricity envisioned in this roadmap
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Figure 10: Past modules prices and projection to 2035 based on learning curve

pv module price (USD/W)

100

—
=

0.1

0.00 0.00 0.01 0.10 1.00 10.00 100.00 1 000.00 10 000.00

Cumulative manufactured capacity (GW)
= Experience curve ¢ Observations O Targets

Motes: Orange dots indicate past module prices; purple dots are expectations. The oval dots correspond to the deployment starting in
2025, comparing the 205 (left end of oval) and 2D5 hi-Ren (right end).

20354, FefRAH M A L% 3]0.3USD/WE]0.4USD/W.
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The Forecast of World's Energy Structure

Other 1IN 2100
Solar thermal _ renewables Biomass ,,,.
Wind power
31%  N\15%  69% 'giu Geothermal

/ 1.6%
Hydroelectricit

o

~ Solar power
. 63.8%

3 s F German Advisory Council on Global ChangefE 20034 — {31 &
(Title: World in Transition — Towards Sustainable Energy Systems, Flagship
Report 2003).
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Advantages of BIPV
*No land use;
*BIPV provides electricity at the point of use;

*The PV elements become an integral part of the |
building and reduce building material use;

*Power Is generated on site;
«Cooling load can be reduced,
*Renewable for low-carbon emission buildings.




@ BIPV potential study in Europe

Europe
(75%:
Germany,
France, UK,

Italy, Spain)

USA

Japan

Net Available

Solar
Surface

(Km?)

3.723

4.563

1.050

Available Roof Surface
Installable PV Estimated Residential % of PV
“Potential” Electricity Electricity
(GW) production consumption
(Twh/year) 2006
(TWhlyear)
465,4 (8m3*/Kwp) 511,9 59%
859
161,9 (23m*KWp) 178,1 20%
570,4 (8m?*Kwp) 570,4 42%
1351
198,4(23m*KWp) 198,4 14%
131,3 (8m3*Kwp) 118,1 91%
229
45,7 (23m?*/KWp) 41,1 18%

* Facades not included



@ Other PV Projects ™ Capacity (<)

2016 Photovoltaic System at the Siu Ho Wan 1100
Sewage Treatment Works

2016 Redevelopment of Tai Lam Centre for 63
Women

2016 Reprovisioning of Yaumatei Specialist 69
Clinic at Queen Elizabeth Hospital

2016  Sports centre, community hall and 57
district library in Area 14B, Sha Tin

2016 Public library and indoor recreation 23
centre in Area 3, Yuen Long

2016 Reprovisioning of Yau Ma Tei Police 48
Station

2015 Po Leung Kuk Stanley Ho Sau Nan 6
Primary School

2015 West Kowloon Law Courts Building 46

2015 Redevelopment of Fire Services 98
TrainingSchool

2015 Redevelopment of Victoria Park 468
Swimming Pool Complex

2015 Construction of Trade and Industry 46

Tower in Kai Tak Development Area

CLP Power’s Renewable Energy
Generation System at Town
Island

A standalone renewable energy
(RE) generation system: 180kW
solar panels and 2 nos. of 6kW wind
turbines




@ Our research in BIPV in PolyU

Air outlet Spectroradio-
louver meter

[ Wl

[T R
A AR o .
e

e
-

Ventilation BIPV itz 8 [1ollow BIPV | =

-

Study of the overall energy performance of
BIPV facade:

= real-time power generation performance
» thermal performance

= natural lighting performance

1- double glass a-Si PV module
2- air inlet louver

3- air outlet louver

4- air-flow duct

5- sandwich insulation board

6- inward opening window

7- connect and support bar

8- ceiling




@ Study on semi-transparent solar PV windows

- Collaborative project with HA



@ Study on semi-transparent solar PV windows

- Data acquisition system
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& MHOLEEAIZILN (Airborme LIDAR)

Airborne LiDAR Survey with
SatRef Data Services

(ARRIE: AT REE)



?b RBOLEEREEAR (Airborne LIDAR)
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Q@b Detalls of the FIT in Hon Kong

Three types of FIT rates will be offered according
to the installation capacity of your RE system:

Capacity of the Renewable FIT rate
Energy System (per unit of electricity -kWh)

<10 kW HK$ 5

> 10 kW - <200 kW HK$ 4

> 200 kW - < 1MW HK$ 3

The rates listed above are effective from 1 Oct 2018 onwards
and will be reviewed regularly.
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