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1. Challenges & Opportunities
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Energy Situation of Taiwan

M In 2008, more than 99% of energy was imported, roughly 1% of global
consumption.

M In terms of final energy consumption, the share of the industrial sector was
52.6%, the residential and service sectors 23.2% and the transportation sector
12.8%.

M [n terms of electricity consumption, the share of the industrial sector was 51%,
and the residential & service sectors 38.9% (the fastest growth rate).

Final energy consumption, 2008 Total electricity consumption in 2008
2.3% = Industry
= Energy ® Industry
= Energy

= Transportation » Transportation

1.0% ® Agricuture

®m Agriculture
u Residential

n Service

® Residential

W Service 1.1%

» Non-energy use 0.5%

Total: 117.7 million kLOE Total: 229.8 billion kWh
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The Challenge — Energy Productivity & De-
carbonization
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‘The Global Challenge — Climate Change

. 550
®CO2 emission . E ~
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: — e o ACT M
-3%) must be achieved 9 O glien e
- - - - = 1..,"- ot .
to minimize temp. rise G 7 &
@ a5 | - 520 ppm, T2100=2.7C, Te=3.3C
®New (breakthrough) -2 i
technologies are E %
expected to contribute 10
" 450 ppm, T2100=2.3C, Te=2.8C
by 45%~ 75% 04— . ————
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Sources: 1. Energy Technology Perspectives 2008, IEA
2. 2009 Annual Conference & Exhibition, AWMA
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Global New Opportunities & Trends

B As governments struggle to revive their economies with
stimulus packages, they are also seeking to lay the founda-
tion for future growth, which is increasingly linked with

»the climate change agenda

>the IOW Cal‘bon SOClety Green stimulus theme allocation (cUSD436bn)
Energy
Estimated timing by theme (USDbn) Efiiciency _
Lo Buildings
'Elu h"-
150 - Water 1 5%
I
5% - Lo C Vech I
100 it
Other Low Qi .
Carbon 579 |
50 - e ; |
e Grid
Renew able 21%
" ‘ 9%
2008 2010 2011 2012
Source: A Climate for Recovery-the Color of Stimulus Goes
B Low Carbon W Energy Efficiency [l Water/Wasie Green, HSBC Global Research, Feb 2009
: 6

Copyright 2010 ITRI = ¥ H 7 7 Fo



r I!&iﬁiﬁ%ﬁ":

Global New Opportunities & Trends (cont’'d)

B The stimulus commitments are also using the green growth
for domestic job creation to fulfill the important social need

W The fiscal packages also signal where future growth may be
Intensified and business opportunities created

Energy-eHficiency spending sector wise (USD237bn)

140

20
100
80 4 65.4
Bl <
2l -
Buildings

B

Where businesses are generating profits now

121.8

Muclear

Water Energy
13% Eﬁclercy

Buildings
91.7
Tran ;rrl
‘aQ Intergrated |'1:1L,.Sh‘-.-
rr-. yer
N
- 43 Renew able Slorage
Low Carbon Hail Grid
Vech
Source: A Climate for Recovery-the Color of Stimulus Goes

Green, HSBC Global Research, Feb 2009
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The New Opportunity — Energy Efficiency

» The “low-hanging fruit” and no-regret policy of energy efficiency
must be harvested and strengthened to buy time for transition

Energy Intensity in Taiwan
Previous achievement

20% Future goal (564.3 million
50% KLOE saved)

12
10 l

LOE / NT$ 1000
oN A O ®

1975 2006 2025 Year
BmFor instance, Taipower rebates residential & public-sector customers for
energy saving by up to 30% of electricity bills

®39% of users qualified for the rebate July *08-June ‘09, 4.5 million MWh electricity
saved relative to the last same period (equiv. 60% of annual consumption of Taipel
City), more than 7700 Da-An Park’s sequestration capacity (28.8 million tons CO,) s
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The New Opportunity — Energy Efficiency

»EXperience and evidence indicate efficiency alone is not enough

» Low-carbon technologies and, perhaps, life-style shifts along with macro
economic adjustments are necessary to arrest the emission growth

Ac'tua-l Emissions Ob d
450ppm stabilization EUGSDEZE%?'
—~ 8. F T —660ppm stabilization i :
H?: ALF1 3.5% IPCC SRES
o) (2000) growth
2 ALB s T
e AIT for 20002010
@ 8. A2 or 2000-2010:
S B A= =T A1B: 2472
5 B2 g =T A1Fl: 2.71
g 7 1 AT 163
= AZ:213
N B1:1.79
o
O 8. F -4 B2:1.61
L A A P
1990 1996 2000 2006 2010
Time (y) 9

Raupach et al. 2007, PNAS Copyright 2010 ITRI 1 ¥ i 7 fo
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The New Opportunity — Convergence of Green Tech

& Low Carbon Society

Consensus agreement reached in the 2009 National Energy Conference
for charting future energy policy and research & development priorities

B Aim for a low-carbon society
O Reduce carbon emission to the level of 2008 during 2016 ~ 2020

0 Reduce carbon emission to the level of 2000 by 2025 (close to
IEA’s “450 Policy” scenarios of 2030)

O Reduce the overall energy intensity by at least 2% annually for the
next 8 years, and by 50% by 2025

O Increase the supply of low carbon energy to at least 55% of the
power generation mix by 2025

Hintensify public efforts

O Accelerate the deployment of renewable energy and improvement
of energy efficiency

O Implement “Flagship Program of Green Energy Industry”
O Initiate the “National Energy R&D Program”
O Begin the low carbon community/city demonstration planning

Copyright 2010 ITRI 1 ¥ Hi#% 7 I
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Talwan s Renewable Energy Development Act(REDA)

B Approved by Legislative Yuan on 12 June, 2009
B Goal: 6,500~10,000 MW (new installation)

B Electricity utility companies are obliged to connect and
purchase (with subsidy) renewable electricity, and
contribute to the Renewable Energy Fund

B Feed-in tariffs of renewable electricity will be calculated
every year

B Renewable powers in early stage of development and
thermal utilization of renewable energy are eligible for
subsidy

B New or refurbished public buildings and infrastructures
must employ renewable energy

11
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2. Green Energy Technology
& Industry Development
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National Energy R&D Program (NEP) 12

m A program led by National Taiwan University along with
other major academic institutes

® NT$ 30B for FY2009~2013

® Aim to develop the fundamental energy science and
technologies needed to achieve the policy goals of 3 E’s

® Focus on four areas:
O Energy technology policy
O Energy conservation & carbon reduction
O Energy technology
O HR education & training

13
Copyright 2010 ITRI 1 ¥ Hi#% 7 I



r T 3R £l ET 2 pe

National Energy R&D Program (NEP) @)

Energy Conservation & Carbon Reduction [

e clean coal & CCS

HVAC

green building
transportation energy saving
industrial energy saving
lighting & appliances
forestation

Energy Technology

smart grid

AMI =

Energy Technology Policy

energy conservation
& carbon reduction
new energy industry

solar energy

wind power
biomass

ocean energy
hydrogen energy
nuclear energy
geothermal energy

4

Education & Training

energy security

e research on teaching skills
e school education
e public awareness

7
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Green Energy Industry Program s

Low Carbon Society

Clean Energy @COHS@

[Solar Energy, Wind, Bio-fuel, Fuej [ nghtlng, HVAC&R, }‘_

Energy
efficiency
technology &
industry for
Taiwan

Renewable
energy &
industry for
Taiwan

cell & Hydrogen, Hydro Power Transportation, and
Ocean and geothermal energy Energy management

Green Energy Industries

Potential Growth Industries

Wind Power, Bio-fuel
FC & H2, EICT, EV

____________________________________________________

Under development with good potentials

Major Growth Industries

____________________________________

With strong base for developmen

15
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Green Energy Industry Program /)

Approved by the Cabinet on April 23, 2009

B2008 ®2() 15 (Projected)

Billion NTD (~31 Million USD) ($5B) ($36B)

oo il =10
500 v

400

300

200

100

LED EICT Wind Power EV
PV Bio-fuel FC & H2

16
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Green Energy Industry Program 3

A well-established green
energy industrial base

=== Policy push
=== =P Market pull

Global market

Domestic
market

Increase”
domestic
market

Increase scale
~of export

Domestic production
capacity (Industry
competency)

Foster
conducive
environment

Breakthrough
technologies

Critical
investments

ST
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Major Green Energy Industrial Development

Distributed Energy et T 1 . . ﬁ Fuel Cell & H,
SyStem (DES) ._-?'\‘--..--—'—'_.;h.‘_ i _/} %L ! 5v .T

Next Generation
Solar Cell

Advanced Metering
Infrastructure (AMI)

» Enhance Energy
Conservation

= Promote Renewable
Energy

Smart Meter

= Develop Green Energy wind Power
Industry ' -

LED Lighting
Applications

........
- L

LEV & EV Refuse Derived Fuels (RDF)

18
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2A. Renewable Energy
- PV & Wind Power-

19
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contribution to mitigate global warming

15-fold Growth Industry
- BIPV+Energy Conservation

B Residential buildings consume 30% - 40% of global energy
B PVs and energy conservation in combination can make significant

B NanoMarkets: “The estimated growth rate for BIPV is more than 100%
in the 2011 - 2013 period”

120

100

80 |

60

40 r

Market size (100 million US$)

20 r

1.48

1.97

5.29

6.67

8.41

10.6

108
75.5
52.8
23.7 I

0

2006

2007

2008

2009(e)

2010¢e)

2011()

2012(e) 2013() 2014() 2015(e)

BIPV is a large market that may eventually account for ~50% of the total

area of installed PV B.P. Nelson, NREL

Sources: NanoMarkets, Frost & Sullivan, Lux Research and ITRI 2009/April

Copyright 2010 ITRI 1 ¥ Hi#% 7 I
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Development of PV Technology

Upstream Midstream Downstream

> Polysilicon >>mgot/Wafer > Solar Cell >PV Module >>PV System >

W PV production: >2.11 GWp in 2008 (25% share of world PV supply)
M Focus on next generation material and modules (CIGS thin film, Polymer, DSSC)

. Motech
Domestic
] Annual Production (NT$ B) E'[_OI‘I
B R&D Strategies: Gintech
- _ 1,000 Delsolar
O Upstream poly-silicon raw material and Solartech
purification technologies NSP
. : : : Mosel Votalic
O Module verification & validation technology Bigsun
O Domestic equipment for mass production 450 Top Green
_ 4 Ever Energy
O Develop the next generation solar cell Tainergy
219/ Unitech
2006 2015 2025 Sun Q

Sunrise Global Solar

21
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Wind Power —the Major New Renewable Energy

| Waﬂd Total |nmnad_ Capacity {MW) Source : WWEA(2009/02)

An increase of
29% and expected
to continue in
double digits still

14.88%

3.59%
B2%

EUSEA M China 25.63% W Dlia
_{;Ermn}' . HI |a.i:|. . ]IJ]:P
W France W Portugal W Rest of the world 22
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Dévelopment of Wind Power and Technology

Current Status (5/09)

®Installed capacity: 376
MW, with 198 installed
wind turbines

®FElectricity generated:
around 940 GWh
annually

21n Planning
SE  123E 122.5E

BSurpassing 1000 MW installed capacity 2010-2011, with
2025 total development target of 3000 MW

BOff-shore wind turbines, with minimum maintenance
requirements and maximum marine durability, and small
wind power generators (~10 kW) are future focuses

23
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2B. Energy Conservation
- LED Lighting & EV-

24
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Technology Trend of White LED Lighting

—¢- Efficiency (Im/W)

~®- Unit price (NT$/Im)
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World Class Lighting Laboratory

B The first non US-based NIST certified testing laboratory at ITRI
B Provide a platform for standardization and an information hub
B [everage international collaboration for quality products

NIST: National Institute of Standards and Technology

26
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2018

2015

2012

2009

A

2015-2018 Scenario

Innovative and High Quality LED Lighting 2007

Korea .
6% North America

12%

Europe
9%

r Interactive Lighting China
12%

Intelligent Human

Intelligent Human Factor Lighti

LI}
i

ACLED |htelligent Mood Lighting

Large-sized LCD

Backlight B

Seetlamp
2008 R&D 100 Award
ITRI AC LED

Japan
45%

B No.l in production &
sales volume, and No.2
In revenue

B Competitive position
due to Taiwan’s ICT &
LCD industrial base and

120lm/W

y

Output value, Benefit business model
27
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Electrified Road Transport —EV

M Transportation further electrified, in addition to the mass transit
system, for personal road transport, representing a significant future
modal shift for sustainability

» Strong industrial base for bicycle,
motorcycle, motor, power supply and
Li-ion battery module in Taiwan

— jonomer
= STOBA

» Demonstration program for 160

ITRI STOBA: self-termined oligomers with thousand LEVsS underway
hyper-branched architecture

Source: http://lwww.luxgen-motor.com.tw/cars/EV
28
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2C. New Energy Technology
- PEMFC & H, -

29
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Global Trend & Status a3

® Fuel cell market was projected (2007) to grow significantly after
2010

» The purchase of 10,000 fuel cell backup power systems by ACME, India
represents the biggest order in years, starting delivery 2009, firmly
catapulting FC backup powers into the demand-driven market

® Stationary applications represent the largest potential market for
the projected period

World Fuel Cells Market Projection US Fuel Cells Market Projection
B 9800 FUEL CELL DEMAND BY MARKET, 2012
10000 US$ M 8500 ($975 million)
8000 - Pt
Ganaration
48.2%
6000 - P "'\
J’(
/ \
4000 - 3100 o .
2500 i .F_,=': Alivary
ASMEpace
2000 - 8%
220 375 420 570 Motaor
Q === . e | | ! Vﬁ;glzi i
2002 2004 2006 2007 2011 2012 2016 2017 Portable o

13.3%

Sources : Freedonia Group (2007/05,2008/04), ITRI IEK (2007/08)
Source: The Freedonia Group, Inc

1. 55% market share for non-industrial stationary applications in 2006 30
2. 40% market share projected in 2016 Copyright 2010 ITRI 1 % H 7 7 Fx
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Global Trend & Status @)

US triples its subsidy, tax credit @ 30% _ _
installation cost up to US$ 3,000/kW New Small (<10 kW) Stationary FC Shipments

5000

Japan begins subsidizing residential Fuel Cell Today 2009

PEMFC CHP system purchase (up to 4000
40%), projected market size exceeding 3000 9%
US$ 130 million in 2009 and US$300

m B I \

million in 2010, and Germany and Demark

follow suit 1000
Niche markets of backup power units, o

. . . 2004 2005 2006 2007 2008
forklifts and portable applications have the -
highest growth potential Global Backup Power/Forklift Market Projection

10- (Battelle Memorial Institute, 2007)

Fuel Cell Today 2009 o 14000

. 81 g 12,000 -
E 61 %: ﬁ 10,000
° O ROW 3 5 80007
= M Asia 1S 6.000 |
E 44 O Europe IEI‘_: s
= HMNA 9 4,000 -
> 21 I I § 2,000 |

0 T T T T . ) ;&gsgg‘ggvmw/\mm

2005 2006 2007 2008 2009

Year (projected) Copyright 2010 ITRI 1 ¥ Hi#% 7 I
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Global Trend & Status 33

® Markets of stationary FC products
growing, due to economic, energy-
saving and emission mitigation

benefits

Residential CHP market expected to grow
In temperate and cold climate regions via

PV market growth model

Backup power and forklift markets

worldwide

NPV Analysis of FC Backup Powers vs Battery

(Battelle Memorial Institute, 2007)

3-Year Battery Replacement

PEMFC
with with Tax
Incentive . Incentive

61,326 56,609

Fountime
72-hour
Fountime
176-hour
Fountime

*(Gen. is generator,  PEMFC is PEM fuel cell

33,901 32,014 )

00,209 03,49
o o551/

NS—

5-Year Battery Replacement

28,283 24,386

o o o

Real-life FC CHP Benefits
(New Energy Foundation, Japan, 2009)

2500 p— — s

e i.ﬁvrderiqlnn and | T g et
= 22 M month
5§ 2000 | —— @ © 0 © o |
E . Tunsper:funning a © ":'.'-- . AT Aporoximation
= 1500 ferriakin o WP~ o - A top
< | 865MIimonth | - © IR, £ perfofming
= : e o systems
T 1000 | . 7o e
§ i = :.- . o=
i spg | -""""° sy - :"'.'.-?"- +; Average
= i e P B ETEM nl.h
— T -y
2 0 LR ool
> B
2 _500 2,555
- . *
£ Energy-saving™
-1000 . )
0 1000 2000 3000 4000
250 — e o
‘ | Avarage heat demand ‘
152 7MA' moanth &
200 | F & :
| Top performing e © oo ZAp Jr:';xl;*n1tilbn
Bystaims © 3 "<_;.I‘ J.-f""' S I';[ the tr;p

5 H - -

150 .!-}E Ik GD.&-"mG:‘Itr\ o =0 _?'i =5 '7 parforming
(@85%) S\ Lol T %ot o  systoms

100 Sae Y ] -

C02 Reduction (kg-CO2/month)

[oissmee _r-'-::";'_}}_;-‘ S g e N .
o o 1. % Iq_" l .A.'\I'?l’aga
i 2 e EE’-G'_"*Q'-"monlh
? 2 e ——
e CO2 reduction™ ‘

o0 1000 2000 3000 4000
Heat Demand (MJ/manth)
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Status & Trend In Taiwan

® A fast-growing local supply chain centered around stationary and
portable applications is gradually in shape
» Maturing supply chain of SMEs reputable in mass production and
business network for small industrial and consumer goods

® Public-supported demonstration & validation program started 2009,
16 projects approved, with REDA giving additional future support

Hydrogen - Fuel Cell
H2 Production H2 Canister Catalyst Nenbrane MEA Stack Systems
®oCPC . k
j ®H Bank ®Optodisc ®APFCT ®Syspote
[
.glorglioHducts ®APFCT ®Enerage ®General-Optics ~ ®TSTI O®TSTI
®AIr Liquide 0..E"rié'r'a'1'g'é """ ®Delta Elec ®Delta Elec.
i i : ®Toplus
Electrode (Zinc-air ®Nanya PCB
NG Supply FELluEs ( ) oBoyZm OCHEM
oCPC ®TSTI ®cVionyx ®Taigene OC_eprert
®Green Hydrotec eToplus eSimplo
Methanol ®Polaray GDL Bi-polar BOP ®CHEM o Coretronic
®Sentec ®APFCT
®Merck @ Jemmytex
®Lee Chang Yun ®CeTech .UIC- OKAORI ®Bo arr):
9 9 Electrolyser ® Ample New ®En-liang ®TSTL y
®Yonyu ®Delta Elec. ® Taipower
Methanol ®EPOCH ®DHCO ®Phoenix
Cartridge ®General-Optics @ Motech
®Asia Vital Note : Excluding research institutes and universities  Copyright 2010 ITRI 1 ¥ 382 5 I
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2D. Technology Convergence |

- System Smart Networking -

34
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Distributed Energy System

The full potential of DE can be realized by integrating generation,
transmission & distribution and energy storage in a seamless,
intelligent network

jtentral power plants

- g, F o
s B¢ Offices
N

- 7 *

‘

Technology Scope:
m Renewable Energy
m Advanced Power Electronics

Micro-
turbines

m Efficient Energy Storage
m Smart Grid

In rial plan . .
R Bl Wind turbines

. ) ~' &
Micro Grid = £
AN /"'Y S
| =7 | | A

Source: European Smart Grids Technology Platform (EU,2006)

Copyright 2010 ITRI = ¥ H 7 7 Fo
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Future Intelligent Network (FIN)

System
Power Management Generation  Transmission Distribution Load
Infrastructure
Information & Distributed Energy Resources (DERS)
Cczrmrr;]unllcatlon Advanced Metering Infrastructure (AMI)
echnology
En B :
Intelligence T P — (N network
Infrastructure ‘o
i b0 &
Security network
+
: &5 LEV
Transportation a;®
network

@ EV

= Energy
m Storage
System

36
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Building Blocks for a Low Carbon Community

B Energy-efficient and smart appliances technology combined with ICT
Infrastructure and technologies (e.g. smart grid)

B On-site energy and resources first, and waste (heat) recycling
B Time-pricing of electricity and real-time DMS technologies

gE— - Day lighting

Light sensor T

Intelligent
air conditionin

High efficiency

R illumination

Grid _ |
Intelligent
)fridge L Rl

Photovoltaics
- —

Transformer ' Battery set

S SN \Wind power .
The monitor system
Controller
37
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2E. Technology Convergence Il

- Low Carbon Island Penghu -

38
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Taiwan’s Offshore Pearl - Penghu Archipelago

25N

24N

27N

120°E ' 121'E ' 122°E

(I

B L

P

P FCIST

39
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Background Information

[ Land Area; 96 km?
[ Resident: 86,000
(3 Tourist: 500,000/year Water,

Waste, 5.6%

O Transportation: 60,000 scooters, 0.0%q |
18,000 passenger cars, a few Fi
hundred buses and fishing boats

J Electricity: peak load 65.5 MW,
lowest demand 26.3 MW, 4.8 MWp
wind farm

J Water: require 30,000 m3/day,
rainfall 1130 mm < evaporation GHG Emission: 465,000 tons e-CO2/year
1593 mm/yr (5.44 tons e-CO2/year per capita)

O Waste: 50 tons/day Energy Consumption: 145,000 KLOE/year
Planning Targets:

‘ ®Reduce GHG emission by 50% within 4 years
®Become a test bed of low carbon technologies 40
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Closing Remarks

B Taiwan, taking advantages of its strong ICT industrial base,
enacts legislations and provides new investments to support
R&D and the development of green energy industries in
pursuit for a strong post fossil economy and sustainability.

B [n June 2009, Taiwan passed the Renewable Energy
Development Act, more effectively accelerating the green
energy industries development and the transition to a low
carbon society.

B Taiwan strategically focuses on two major and five emerging
Industries for growth, and open innovations and industrial
cooperation are needed to accelerate technical breakthroughs
and, hence, the low-carbon economy development.

41
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Thank You
For Your Attention !

42
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