


Taiwans Energy Policy
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Change in Energy Situation Trend in Deregulating Energy Enterprises Pressure in Environmental Protection

Energy Policy
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N Due to the shortage of indigenous energy, more than 97.9% of energy is imported.

N Imported crude oil is the major portion of energy supply and 76.7% of it is from the Middle East.
N During 1984~2004, average annual growth rate of energy supply is 6.4%

E Nuclear Power
[JHydr opower
BLNG
ONature Gas
EBPetrol eum

MCoal
38.1 Million
KLOE 16.0%
3.9
2.9
59.2
18.0

1984

Dependence of imported energy 88.8%

>

73.03 Million
KLOE

1994
95.3%

11.9%
3.0
4.4
1.2

52.8

26.7

134.06 Million
KLOE 7.3%

1.2
7.4
0.6

51.0

32.5

2004
97.9%



Structure of Energy Consuv—
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' The shar es of energy consumption in commer cial

and residential sectorsincrease
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m Fuel Cells & H, Development Strategies

JFocus on system technology platforms that have
the widest possible applications

L ook for the best synergies between the fuel
cell technologies and the existing infrastructures
(reducing entry barriers & accelerating
commercialization)

JConduct technology validations through |ab.
and field demonstrations

dDevelop H, infrastructure technologies that
would enhance the long-term energy security




History of Taiwan FC/
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Fuel Cell
feasibility
study

Tech.

Demonstrati
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PAFC Study (from 1988~1997)
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CHP System Technolog_
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3 kW PEMFC (Reformate) Combined
1 kW PEMFC System Eff. @ 46% Power and Heat System

AC electrical efficincy with different H2 flow rate

Power Module Specifications:

i 1 kW PEMFC (H,) Combined * Methane Consumption: 25.0 ipm

Power and Heat Systern 'EleCtr|C|ty Output: 3 kW Single
: , Phase 110V/220V AC

e A *Overal Efficiency: ~ 55%
o Electrical Efficiency: ~ 20%

Water Tank Specifications:
» Storage Capacity: 250 Liters
* W/D/H: 50/50/130 cm
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AC electrical efficiency h

02 —=a—— prototype
—<— Improved
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4
H2 flow rate(lpm)

300W PEMFC Power System

Power M odule Specifications:
» Hydrogen Consumption: 12.0
slpm
* Electricity Output: 1 kW  Single
Phase 110V/220V AC

Power M odule Specifications: » Overal Efficiency: 75%
* Hydrogen Consumption: 3.6 slpm * Electrical Efficiency: 46%
* Electricity Output: 300W Water Tank Specifications:
DC12v « Storage Capacity: 250 Liters
s . . . . 0 -
Electrica Efficiency: 40% « W/D/H: 50/50/130 cm

* Air Cooling



Composite Bi-polar PIW

w Targets Achieved
Properties

Conductivity] > 100 s/cm 170 s/cm

Corrosion | < 16 mA/cm?|0.45 mA/cm?
Current

Tensle >3000 psi 4500 psi
Strength

. I 5o \Ging | >4000ps | 7800ps
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NG & MeOH Reformer _
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CO Conversion,%
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3 kW NG Reformer (1)

3 kW NG Reformer (I1)

3 kW NG Reformer (I11)

]

—H, 50 L/min
—H, Conc. 3 45%
—CO Conc. £ 20 ppm

1 kW Methan_ol Reformer

o
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50* 30*20cm
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—H, 30 L/min
—H, Conc. 3 50%
—COConc. £20ppm 8



National Fuel Cell_

2,5 & 12 kW Test Stations (Industrial Grade) 9



Taiwan Fuel Cell Part
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Taiwan Fuel Cell Partnership (TFCP)
I

Steering Committee
Convener Bureau of Energy, MOEA
Taiwan Institute of Economic Research
Commissioner Environmental Protection Administration
National Science Council
Science & Technology Advisor Group
Industrial Development Bureau, MOEA
Department of Industry Technology, MOEA
Department of Railways and Highways, MOTC

Science & Technology Advisor Group, MOTC :
Industry Technology Research Institute Secretariat

_ Fuel Working Fuel Cell Dynamo & Vehicle Regulations & Industrial

Working Group Working Group Other Working Group Testing Working Promotion
Groups Applications Group Working Group

« Chinese « Institute of Working Group « Mechanical « Energy & * TIER
Facilitators Petroleum Nuclear  Taiwan & Industrial ReSOUrces
Corp. Energy Power Research Laboratories(ITRI)
Research Company Laboratories
(ITRI)

10



Summary of Other Activities _
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M1 kW portable power unit suitable for increasing
outdoor recreational power demands

B Tawan Fuel Cell Partnership becomes a member of the
US Fuel Cell Council and interactions at the Working
Group level start

B The 1 round robin test, based on ASME PTC 50-2002,
was completed in 2004 and the 2" round robin test is
underway

11



Vel Le Milestones of Taiwan’s Fu_
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2001

2002

2003

2004

TPC/ERL/ Feasibility Study

EC/ERL/ PAFC Program

EC/ERL/TPC/ 200kW PAFC Power Plant Demonstration

EC/ERL/ Adjusted to Develop PEMFC Technology

TIER/ Fuel Cell Scooter Promotion

EC/ITRI/ Fuel Cell HPS Program

EC/YZU/ Fuel Cell Research Program

APFCT/ Fuel Cell Stack and Scooter

DolT/TBIRDC/ Fuel Cell Bike

EC/MRL/ Hybrid Fuel Cell Vehicle

EC/EPA/TIER Taiwan Fuel Cell Partnership

DolT/MRL/ DMFC Program

DolT/Jemmytex/ 1kW PEMFC Generator Using Hydrogen
NSC/Universities/ 48 Fuel Cell Projects

Dupont/APFCT Fuel Cell Scooter Program

EC/ERL 1 kW Hydrogen Combined Power & Heat System Prototype
AEC/INER/ SOFC & DMFC Program

DolT/YZU Fuel Cell Research Program

IDB/APFCT/ PEM Stack Assemble Line Project

BOE/TIER Strategic Fuel Cells and Hydrogen Development Planning Completed

BOE/ERL 3 kW NG-based Combined Power & Heat System Prototype .’



MOEA H, Infrastructure Technology & PE_
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Hydrogen Infrastructur e Technology Development
Distributed Hydrogen Production(H,>10 Nm3%hr @ h,, > 80%,
FER) and Storage(> 4wt% material-based) Technology, and

H,-based Economic Modeling

Hydrogen Production/Stor age
I mprovement of fossil-based refor mation technologies & energy system
*Pre-study of long-term, advanced H, production/stor age technologies
*Domestic hydrogen resour ces projection apriori

H, Economy Evolution & System Demonstrations
Establishment of H,-economy modeling capability
eLaws & regulations adaptation and adoption
*Hydrogen ener gy system demonstrations

PEM FC Applications Development

3 kW Stationary PEMFC CHP System Applications and

Development (h,, > 70%, Durability > 2500 hrs)
System Durability | mprovement & Cost Reduction

*High performance stationary/portable system development

*K ey components commer cialization

*High performance NG/M eOH/L PG refor mer development
PEMFC Applications & Demonstrations

e Alliance/partner ship, education and training
L aws & regulations adaptation and adoption
*Hydrogen energy system integration and demonstrations
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Hydrogen Energy
Technology Demonstration
and Commercialization

Establishment of an
Innovative Energy Resource
Station by 2008

Renewable Energy Integrated
Demonstration and
Commercialization

PEMFC CHP System
Demonstration and
Commercialization

13
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Integrated Renewable Energy and

Fuel Cell Power Generation Demonstration
| Commlssoned by Taipower and to be Completed in 2006

( Pressurlzed Tanks 000
Renewable
Ener
9 Metal Hydnde t

A

Sources p
S Electricity
O Wind Hydrogen
| | [ Generator ] [ Fueltels | ==  Heat

;; | Utility Grid ) <—J
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PEMFC Scooter System D_
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Fuel Cell Technology

Components/stack Technology
Fuel cell system design
Fuel Cell systemn production

Vehicle Technology

. . _ Fuel Cell Scooter
Chassis design technology Fre-commercial e Diarliiction
Fuel cell system layout Prototypes

Scooter production T

Beta Phase
l Validation

H, Storage Technology

Materials technology Hydrogen
St::lr‘.age canister technology It Hydrogen
Canister production technology Concept/ Practice Infrastructure

H, Supply Technology

Hydrogen production technology
Hydrogen refilling technology
Refilling plant

Exchange station

R&D Funding, Incentive and Codes and
Government Support Education ! Standards

Courtesy of Asia-Pacific Fuel Cell Technology Co. 15



PEMFC Scooter System_
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Courtesy of Asia-Pacific Fuel Cell Technology Co. 16



m A Mini-hydrogen Corridor Concept (2007-2010)

Refining &
Manufacturing
Research Institute

Southern
Taiwan Science

ITRI Southern
Campus

Fuel Cell Bus & Car

Hyr Station

Innovative Energy Tech. Station
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@ SOFC Technology Development J
7 Carried out by INER
2005 [ Methanol Reliability
EFhanoI }—>—> Electricity H|gh$alue
Diesdl Production Base
Scaleup
2010 Pressurization
(400$/W)
Electricity i
\ 2010 Aggregation
Biomass ,.
(|\|/|_an-d’) > | ntegration
arine - ¢
ﬁ 100MW
- Cl
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System

Conducting
Membrane

MEA
Catalyst
Year

200Wh/K g
60~70

104 S/cm
10%cm/s

100 mA/cm?

200 mA/mg
2002

“Notebook PC(2007)
> Power Pack(2005)

400Wh/K g 600Wh/K g
50~60 50~60
e 102 S/Icm
-8
10" cml/s L e
2
200 MA/crm?2 300 mA/cm

250 mA/mg 300 mA/mg

2004 2006 2008 2010

Sponsored by DolT

@ Cellular phone(2010)

1200Wh/K g
50~60

102 S/cm
10°cm/s

400 mA/cm?

450 mA/mg
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T
% Public and Private R&D Investment In

H, Infrastructure & Fuel Cells Technologies

Public | NT$250M | NT$260M | NT$350 M*
Budget | (US$7.6M) | (US$8.1M) | (US$11.1M)

Private NT$ 100 M NT$ 100 M NT$ 100 M*
lnvestment | (US$3M) | (US$3M) | (US$3.1M)

Total NT$350M | NT$360M | NT$450 M*
(US$10.6 M) | (USS11.1 M) | (US$14.2 M)

*. Figuresareestimates up to May, 2005

Source: TIER/ITRI 20



e

Public and Private R&D Investment in
H, Infrastructure & Fuel Cells Technologies
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Academia | Basic Research in DMFC, SOFC,
PEMFC and H,

Research |R&D in PEMFC, SOFC, DMFC
Institutes | and H, Key Components and
System Technology

Private | Development of Key Components,
Sector and I ntegration/Demonstration of
PEMFC, DMFC and Metal
Hydrides

Source: TIER/ITRI 21
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Concluding Rem
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o Significant progress made for PEMFC CHP system
development in Taiwan and future focus on
performance/durability improvement, cost reduction
and field demonstrations

e DMFC & SOFC also making headway into system
Integration with potential industrial and energy
Impacts

« Hydrogen infrastructure technology a new R& D
element, focusing on high-efficiency, cost-effective
and distributed production methods and composite

—/ehemical-storage technelegies

—l—

22
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Concluding Rem
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e Substantial, long-term resource commitments from the
public and private sectors to hydrogen and fuel cell
technology R& D activities with a coordinated
objective to advance technology deployment and early
commercilization

 International cooperation, e.g. IPHE, on technology
development, demonstrations, standards and codes will
cut cost and accelerate early markets devel opment and
the hydrogen transition

23



