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Rapid development of solar photovoltaic applications
In China and in the world;

Future trend of solar photovoltaic applications
Potential BIPV applications in Hong Kong;
Our other research projects in BIPV applications

Conclusions



PV installation in the world
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PV installation in the world

|
Figure 1: Global cumulative growth of PV capacity
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KEY POINT: Cumulative PV capacity grew at 49%/yr on average since 2003.
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PV Manufacturing in the world

Figure 2: PV manufacturing by countries
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PV Installed Capacity
(MWp)
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PV Market in China

T 220104 35 41500MWp, E it %E800MWp, A E T
RN

fHJEILAE K e AR i, 2.8GWp (2011), 3.5GWp

(2012), 4.5GWp (2013);

*Europe has more than 80 percent of solar demand In

2010, declining to 53% in 2012 and only 39% in this

year;

«33% of global solar PV shipments ended up in China

now;

o7 out of the top 10 leading solar PV suppliers are based

In China



http://cleantechnica.com/2013/01/23/a-third-of-all-global-pv-shipments-ended-up-in-china/
http://cleantechnica.com/2013/02/05/top-10-solar-pv-module-suppliers-in-2012/
http://cleantechnica.com/2013/02/05/top-10-solar-pv-module-suppliers-in-2012/

Market PV module price ¢RI B ERTH Mg
(RMB¥4.5 per Wp now in China ! )

E 83% of PV module price has been reduced during last 6 years; the historic PV module price in
China was shown in Figure 4. It was RMB 36 Yuan/Wp in 2007, and by 2011, it was RMB 9
Yuan/Wp. The lowest retail price once dropped down to ~RMB 5 Yuan/W (~0.63EUR) in 2011.
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Figure 4: PV module price in China, 2007-2012
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KEY POINT: This roadmap expects the cost of modules to halve in the next 20 years.




Electricity cost of solar power
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Estimation of payback of a BV-roof

Location:  Shenzhen User: Manufacturer

PV capacity: 1000kWp (1M/Wp)

Initial investment: RMB¥10,000,000 (about ¥4-5/Wp for
PV module, ¥2-3/Wp for inverter/controller
/cables, and ¥2-3 for supporting frame and
Installation)

Annual power: 1,000,000 X< 1.1kWh=1,100,000kWh

RMB¥1.00/kWh Is charged to the user for 10 years:

Benefit: RMB¥1.00<1.0M X 10= RMB#¥10,000,000



PV system cost In the world

Table 2: Typical PV system prices in 2013 in selected countries (USD)

| USD/W Australia | China | France Germany Italy Japan United United
Kingdom | States

Residential .8 . 4.1 A4 2.8 2 2.8
Commercial 1.7 1.4 2.7 1.8 1.9 3.6 2.4 4.5
Utility-scale 2.0 1.4 2.2 1.4 1.5 2.9 1.9 3.3

Sources: Friedman et al. (2014), Comparing PV Costs and Deployment Drivers in the Japanese and U.5. Residential and Commercial
Markets, February, MREL/TP-6A20-60360; PV-P5 |A (2014a), PV Cost Data for the IEA, personal communication, January.

Figure 3: System prices in Italy, 2008-2013
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Source: Gestore dei Servizi energetici (GSE) (2014), PV in Italy: Generation Costs and Value Chain, May, Rome.

KEY POINT: In 2013, PV systems in Italy cost 30% to 44% of what they cost in 2008.




Forecast of PV power In the future

Figure 6: Cumulative technology
contributions to power sector
emission reductions in ETP 2014
hi-Ren Scenario, relative to 6DS,
up to 2050

Biomass 7%
CCS 5% Hydro 6%

Nuclear 3% \‘
Other renewables 2% Land-based

Wind offshore 6% wind 14%

Fuel switching
and efficiency
3%

Electricity

efficiency

improvements
23%

KEY POINT: Solar PV would equal wind power

in cutting CO, emissions over the next 35 years.




Forecast of PV power In the future

Figure 8: Regional production of PV electricity envisioned in this roadmap
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KEY POINT: in the hi-Ren scenario, PV provides 16% of global electricity by 2050,

and China has a 35% share of the total PV electricity production.




PV module efficiencies

Figure 13: Commercial 1-sun module efficiencies (actual and expected)
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Mote: SPW stands for SunPower, HIT 5/P stands for Heterojunction Intrisic Thin layer Sanyo/Panasonic.

Source: De Wild-Scholten, M. (2013), “Energy payback time and carbon footprint of commercial PV systems”, Solar Energy Materials &
Solar Cells, Mo. 119, pp. 296-305.



Solar cell efficiencies

PV cell type Efficiency (26) 5

Single Crystalline
solar cell

Polytechnic
_ Crystalline solar cell

Amorphous
Crystalline solar cell

CIGS solar cell
CdTe solar cell

Dye-sensitized solar
cell

Organic solar cell

Perovskite Solar
cell
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Perovskite Solar Cells Beat New Records to 17.9%



Energy policy in Germany

Figure 22: Feed-in tariff levels and LCOE of small rooftop in Germany (USD/W)
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Mote: The German feed-in tariff applies to systems <30 kW to April 2012 and to systems <10 kW after that. LCOE assumptions: real
discount rate 2.4%, annual O&M 1% of initial investment, 1040 full load hours. All prices are in 2013 USD.

KEY POINT: Feed-in tariffs, if well-managed, can deliver PV deployment providing

fair remuneration to investors.
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20MWp In Xuzhou
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1MW0p solar roof project in Shenzhen
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Functions of

*

= Power generatorges

Insulationl &

= Part of

construction

materials _ |
s Water proof oo e R
= Shading

= Noise barrier
= Insulation
= Natural lighting



Advantages of
BIPV

Power generation from renewable energy: clean and CO2
emission reduction;

No need of expensive land is used in urban areas;

Reduction of construction cost due to replacement of cladding;
No power transmission is needed and power Is used in the
building;

Peak power demand is reduced as solar power is generated when
needed,

Cooling load and lighting load may be reduced.



BIPV potential

Available Roof Surface

Net Available | Installable PV Estimated Residential
“Potential” Electricity Electricity
(GW) production consumption
(Twhlyear) 2006
(TWhlyear)
Europe
(75%: 465,4 (8m*Kwp) 511,9 59%
Germany, 3.723 859
France, UK,
Italy, Spain) 161,9 (23m*/KWp) 178,1 20%
570,4 (8m#Kwp) 570,4 42%
USA 4.563 1351
198,4(23m3*KWp) 198,4 14%
131,3 (8m2/Kwp) 118,1 51%
Japan 1.050 229
45,7 (23m*/KWp) 41,1 18%

* Facades not included
> #ENanoMarketsTiill, 20164EBIPV T 76 1d 1101235 e i, FF HBIPVE:

WA EWEE N2 /A4, M20114E343MWIEK-F1]20164-3.6GWE &=, [ i)
BIPVI1) A4 1] g8 1A £1$2.50/Wp.

> Pike research Tijl|, #2017 £EKBIPVENLE =R A H4.6GW.



BIPV projects




transparent

BIPV projects: semi




BIPV Projectws

Building Integrated
Photovoltaic

The next generation of sustainable
green architecture




BIPV Projects

The CIS Tower In Manchester was

clad in PV panels at a cost of £5.5
million. It started feeding
electricity to the National Grid In
November 2005.



http://en.wikipedia.org/wiki/File:CIS_Tower.jpg
http://en.wikipedia.org/wiki/CIS_Tower
http://en.wikipedia.org/wiki/Manchester
http://en.wikipedia.org/wiki/National_Grid_(UK)

The Wal Chai Tower BIPV project

Year of 2002

Installation

Power 55 KWp

capacity

Type of Vertical facade; semi-

Integration transparent modules;
roof integrated modules




The BIPV projects in the Science Park

-t

The BIPV systems In the
Science Park:

roof Integration,
*sun-shaded type and facade
Integration
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The Largest PV installation in Lammar Island:

PV modules: DuPont 550WD

(Amorphous thin film)
Developer: HK Electric

Y. X
| W s A

e Amorphous silicon photovoltaic module —
5,500 pieces

e Total Area of PV modules — 8470 m=2

e Maximum output of each PV module — 100 W
e Total installed Capacity — 550 kW

e Capacity Factor — 12.9%

e Anticipated power output — 620,000 kWh

e Design life — 20 years

e Project Cost — HK$23 million



Our recent research in BIPV

Ventilation louver

Renewable Energy Research Group (RERG)



Airflow and heat transfer in open/close cavity

Close cavity,

oo’




Development of a ventilated PV-DSF

Research contents:

= Real-time power generation
= Thermal performance

= Daylighting performance

' I)oub]e olass a-
' Si PV modules
S Rl - e . —
SN Airinlet  [SESSSeE 2
* e

Principle:

@ = Combining BIPV and DSF

technologies to improve its
thermal, power and
daylighting performances

"PolyU campus



SJLruciulc Ul uics; Development of a PV-DSF

- PV-DSF

Air outlet
louver

Semi-
transparent a-Si
PV modules

Inward opening _
window .

_

—

— L
[=——— e

o R I

— =gy
e e

(a) Outside view

| Air inlet louver

(b) Inside view

Advantages of the design:
» air exchange & solar passive heating
» Improved daylighting performance
» ventilation design

 reducing cooling load

» enhancing PV energy efficiency

@ Ambient T
© Inner surface T

0 [ :

§ Constituted by:
a-Si PV laminates

Inward openable window
airflow cavity

air louvers
S E=2

1- see-through a-S1 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

§- ceiling

O PV module T O Air-flow T X Air-flow V

® Indoor T © Heat flux



Testing and data acquisition system

> A testing and data acquisition system has been built for the

BIPV testing facility.
U T » testing the |-V characteristic

Lﬂcrﬂ-—inn:llzrter Envoy-Gateway Of d i ffe ren t P V mo d u I es

&TK simultaneously
R~ > quickly switching the status of
. PV module between |-V

testing state and on-grid
power generation state.

= » weather data would be
nergy vield metering

: s collected simultaneously.
e

[ I]:ulogger:

Spectroradiometer Pyranometer

Figure 1 the testing and data acquisition system for BIPV testing facility



Study on semi-transparent solar PV windows

| - A trial facade for HA




Study on semi-transparent solar PV windows

1 PV systems Solar cell types Rated power Efficiency/

Transmittance

PV window 1 Semi-transparent a-Si a-Si: 56\W*3 6.3%/20%

PV window 2 Semi-transparent 97W 6.8%/20%
hollow a-Si

Poly-Si 260W 16%/opaque
CIGS 150W 12%/opaque
Poly-Si 260W 16%/opaque
Poly-Si 260W 16%/opaque



Study on semi-transparent solar PV windows




Inside views of PV windows

Efficiency: 6.3%
Transmittance:20%
Rated power: 63W/m?

Ventilated PV window

Efficiency: 6.8%
Transmittance:20%
Rated power: 68W/m?

Hollow PV window



Study on self-cleaning technology for cleaning PV
modules:

- A Concept From Bionic Structure




Super-Hydrophobic surface and Super-Hydrophilic surface

Super-hydrophilic, 8(clean glass surface):<10° Super-hydrophilic self-cleaning glass



Super-Hydrophobic surface VS. Super-hydrophilic Surface

Nano-Coating )
| € e
h‘hﬁ -— Dirt particies

Super-Hydrophobic glass: A thin layer of
nanostrcutured polymer or wax coating

Advantages:
(1) Super hydrophobic property to form the
water droplet to wash away the inorganic dirt

Disadvantages:

(1)Can not remove organic grime

(2)A costly and time consuming process
(3)Short life time

P
b

A
‘g',lll

ordinary curtain wall hydrophilic curtain walls coated
with TiO

Super-Hydrophilic glass: A thin layer of TiO2
coating:

Advantages:

BI~) Photo induced super-hydrophilic
properties to form the water sheet to wash away
the inorganic dirt

(B) Photocatalysis to break down the organic
grime into CO2 and water

Disadvantages:
(1) Should be activated by sunlight after some
time



Advantages of our product: Superior self-cleaning
property

The comparison between two PV modules after two
month. The self-cleaning coating has superior super-
hydrophilicity.



Practical Applications: Shen Zhen

The photovoltalc power stations, Han s Laser Co. Ltd, ShenZhen



Practical Applications: Gan Su

The 100 MW photovoltaic power stations in Jia-Yu-Guan, Gansu
Province



Practical Applications: Glass Factory in ShenZhen

The tempered glass manufactory line: the self-cleaning coating is fixed
onto the glass surface after the high temperature tempered process



Practical Applications: Washing machine

8 PR eI IR (5]

We are now collaborating with Hai’er Group ((8f 5% E) for the
development of auto cleaning function.



Study on energy payback and energy yield ratio
|

35 20
N EPBT

uGPBT
15.8 EYR

26 - 16 EPBT _ Einput + EBOS,E

output

5 | 11179 I

s | | g7 GHG; + GHGg,
1 | — GHGOUtpUt
e EYR: Egen X I—PV

mono-Si multi-S1 a-Si CdTe CIGS input + EBOS,E
Environmental payback time & Energy
yield ratio of PV systems

2.7

Jury
=]

Energy yield ratio

o]

Payback time (Years)

A~

» Energy payback time (EPBTs) and GHG payback time (GPBTSs) range
from 1.9 - 3.0 and 1.4-2.1 years, both are much less than their lifespans
of 30 years.

» Energy yield ratio (EYRSs) range from 10-15.8, i.e. generating power of
about 10 times of the energy requirement during lifetime.



Study on potential BIPV power generation

i In Hong Kong

> Solar-architectural gf,ﬂﬂiﬁﬁ.i‘fia
area estimation (rules

of thumb) to estimate l = Toorareavs.
gross roofarea"

the PV-suitable
J—G=>

rooftop area using
buildings’ ground
floor area

The procedure to estimate the potential PV-suitable rooftop area



PV-suitable rooftop area (2)

Ratio “gross roof area / ground [
floor area ”

Architectural suitability factor 0.7
Architecturally 98 km?
suitable roof area

Solar suitability factor 0.55

The potential PV-suitable 54 km?
rooftop area

Estimated potential PV-suitable rooftop area in Hong Kong.



Potentials of installation capacity and PV
energy output

- > The potential total active area of PV modules was
calculated as 37.4km?. The total potential installation
capacity Is estimated as 5.97 GWp.

Aact.: AbOt. X Apv

CCu.

Epotential :Aact. X Goptimal X1 stc X /1

> The potential PV electricity output is about 5981GWh,
accounts for 14.2% of the total electricity use in 2011.

> Reducing imports of coal and natural gas by 25% and
54%, respectively, and mitigating about 3 million tons of
GHG emissions yearly.



POtentlal POwWer _ Type of buildings R(Zﬁ];n%;ea Fac(?(c:;ezz;\rea
generation of BIPV In P — G  6oF
Hong Kong Commercial 0.8 0.3
Industrial 3.6 1.35
l Public housing 5 1.875
Government, schools 7 2.625
Empty land 9 3.375
Total 40.4 15.15
Type of Roof Facade PV Generation Demand (%)
buildings | (GWh/y) (GWh/y) (GWh/y) (GWh/y) ’
Residential 3116.9 1168. 8 4285. 7 — —
Commercial 116. 2 62. 3 178.5 — —
Industrial 748 280. 5 1028. 5 — —
hP“b'.'C 1038.9 389. 6 1428. 5 — —
ousing
Government, | =) 5 545. 5 2000 — —
schools
Empty land | 1870. 1 701. 3 2571. 4 — —
Total 8494. 8 3148 11642. 8 42640 27. 3




i Conclusions

» The cost between solar PV and traditional power is
closing. It is the right time to invest more in this area,
especially BIPV In urban arears like Hong Kong;

» Launch an incentive scheme to encourage building
owners and investors for installation/adaptation of solar
energy, Just like the incentive scheme to diesel vehicles’
owners to replace their cars with Euro 1V ones;

» Other i1ssues: labour policy; policy about Gross Floor Area
(GFA) ...



End
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