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KOH H,PO, Li,C04+K,C04 Zr0; Y,04
100 200 100 650 1,000
Co [o4]
co Co Co
CO Co
o,
60 35 45 40 45 55 50
EUREKA 1992 DOE
1987 DaimlerChrysler GM B BWW  Delphi
PEFC
PAEC (Polymer Electrolyte Fuel MCEC
AFC R (Phosphoric Acid Fuel celh) (Molten Carbonate Fuel SOFC. R
(Alkaline Fuel Cell) PEMFC (Solid Oxide Fuel Cell)
Cell) _[Cell)
(Proton Exchage Membrane=
)
2001 1 22
FCV FC
FCV
ICEV
ICEV 2-1-2 FCV
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A"

2-2-2

CNG LPG HV FC | CHF FC FC
RAV4 RAV4 EV GX FCEV FCHV-5 ECX FCHV 10
RV RV
mm 4,115 4,335 3,980 4,470 4,595 4,445 4,350 4,735 4,165 4,735 4,610
mm 1,695 1,695 1,695 1,695 1,695 1,725 1,695 1,815 1,760 1,815 1,695
mm 1,645 1,420 1,675 1,440 1,460 1,490 1,605 1,685 1,645 1,685 1,500
5 5 5 4 5 5 5 5 4 5 5
kg 1,230 1,140 1,540 1,180 1,250 1,250 1,850 *1 *1 *1 1,300
kg 1,505 1,415 1,815 1,400 1,525 1,525 2,125 *1 *1 *1 1,575
cc 1,998 1,686 1,668 1,998 1,496 1,998
PS 135 88 105 63kW 77 70
kg-m 18.5 17 13.8 167Nm 11.7 125
kW 50 50 65 80 80 80
Nm 190 400 *1 *1 272 260
58 55 20Nm3 96 45 *1 *1 156.6"5 *1 100™
kwWh 27 1.3 *1 *1 *1 *1
FC kW *1 90 86 90
km/ 10.8 17 18 7.8krr:1/kW 18.8 16.2 35.5 *1 *1 1 *1 3.0
km 626 960*2 210 376 1 *1 *1 *1 395 300 300
km/h 170 165 125 180*2 "1 165" *1 *1 150 155 150
*1 *2 *3 *4 *5 350 *6 LAf 4
WE-NET 7 11 3
HP 2003
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FCV
2001 1
FCV 2-3-1
2-3-1 FCV
15 20
30
Well-to-Wheel
CO2
NOx SOx PM
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CO2
CO2
GTL
2001 1 22

Gas to Liquid
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1980 Ballard Power Systems
Ballard PEFC Benz
Ballard FCV 1997
Benz FCV 1997
12 Ford Benz Ballard
2002 12
5
FCV FCV
2003 12 DaimlerChrysler 2004 3 FCV
3-1-1
3-1-1 FCV
92 93 o4 9% 96 T % 99 00 I T
FCHV-5
FCHV-BU I FCHV
FCHV-3 FCHV-4
FCEV FCEV  |oMm Fine-N
] FCHV-BUS2
FC FCV FCV X-TRAIL FCV_ | X-TRAIL FCV
EFFIS
(Ballard Honda FCX
FCX-V1 FCX-V3FCX-V FCX-V |
FCX-V2 | | FCX
FCX KIWAMI
FCEV FCEV FC-EV
FORD-DC DC- |
MFCV Space Liner FCV
F|CE\/
MOVE EV-FC MOVE-FCV-K-
MR Wagon FCV
Wagon R FCV.
Hy-Wire
$-10
GM
| | _ _
Ford I | P2000 | Focus
DC |
FCEV] FCEV F-Cell F-Cell
1 -2 -3 | NECAR-5
DaimlerChrysler Ford = 02 CIARY
NECAR-5
w Bora Hymotion
| |
FC
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3-2

3-2-1
1 PNGV

PNGV Partnership for a New Generation of Vehicles

1993 9 3
3-2-1 2002 1 FreedomCAR
Cooperative Automotive Research PNGV  FreedomCAR
PNGV
NASA 2004 3
3 General Motors Ford DaimlerChrysler
1994
2004 10 80 mpg 34 km
i DOE NSF
Daimler Ford oM
Chrysler
DOC DOT
USCAR
The US —
Council for
Automotive —
Research
Goal 1 DOD NASA)
Goal 2 EPA

Goal 3 80mpg

3-2-1 PNGV

12
13 3 2000 JEVA
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2 FreedomCAR & Fuel
1 FreedomCAR & Fuel
FreedomCAR 2002 1 9
Department of Energy DOE 3
3-2-1
USCAR U.S. Council for Automotive Research

FreedomCAR & Fuel 5
17
12
12 7 2,000

FCV
2015 FCV

3-2-1 FreedomCAR

* Freedom”
“ Freedom”

“ Freedom”

Department of Energy

U.S. Council for Automotive Research USCAR
- General Motors
- Ford
- DaimlerChrysler

15
16 3 2003 JARI
FreedomCAR CAR Cooperative Automotive Research
U.S. Council for Automotive Research GM Ford DaimlerChrysler cooperative
endeavor pre-competitive
2003 1 28 12
2003 2 6 17 12
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2 FreedomCAR & Fuel
FreedomCAR & Fuel 3-2-2 EERE

Ofice of Energy Effciency and Renewable

Energy 3-2-3
HydrogenFUEL Executive Steering Group FreedomCAR
. FreedomCAR
Fuel Operation Group FreedomCAR Operation Group

Chevron Texaco Ford

ggﬁlcl)cophi ips DaimlerChrysler
DOE

ExxonMobil <:> { General Motors}

T 5 & i

Fuel Cell & Vehicles Tech Team
Fuel Tech team <:> Joint Tech team <:>

*
* * *
* * *
* / *
*
*

3-2-2 FreedomCAR & Fuel

2004 3
David Garman
Assistant Secretary
Energy Efficiency and Renewable Energy (EERE)
1ir
Richard Moorer
Deputy Assistant Secretary
HydrogenFUEL Technology Redevelopment FreedomCAR
1T 1T
Steve Chalk Ed Wall
Office of Hydrogen, Fuel Cells & Office of FreedomCAR & Vehicle
Infrastructure Technologies Technologies
OHFCIT OFCVT
* * *
* * *
* * *
3-2-3 EERE FreedomCAR & Fuel

18



3 FreedomCAR & Fuel

FreedomCAR & Fuel 3-2-4
FreedomCAR & Fuel Partnership FY2004 2008 $1,700 M
FY 2004 $ 2482 M
HydroaenFUEL FreedomCAR
$1585 M $1549 M
$933M $89.7 M
FE $49M m EERE
NE $64M =
_/I
2004 82.0M 2004 89.7 M
EERE Office of Hydrogen, Fuel Cells and EERE Office of FreedomCAR and
Infrastructure Technologies OHFCIT Vehicle Technologies OFCVT
‘03| “04 “03 | “04
112 226 11| 12
108 | 294 24| 26
45 5.9 CARAT 05 0
9.7 | 184 GATE 05| 05
19 57 216 | 234
38.1 | 820 134 | 135
31| 31
2004 652 M 183 | 194
EERE Office of Hydrogen, Fuel Cells and 19| 30
Infrastructure Technologies OHFCIT 14.2 | 16.6
‘03| “04 50| 39
6.1 75 03| 03
7.3 7.4 09| 09
235 | 148 09| 08
148 | 252 — | 05
1.8 9.9 841 | 89.7
0.4 0.4
53.9 | 65.2

3-2-4 FreedomCAR & Fuel

HydrogenFUEL $93.3M EERE
FE Office of Fossil Energy NE Office of Nuclear Energy, science and Technology

19




3 DOE R&D

1
DOE FreedomCAR FUEL EERE
Office of Fossil Energy FE
2 R&D 3-2-2
3-2-2 EERE FE R&D
Office of Energy Efficiency . .
Renewable Energy EERE Office of Fossil Energy FE
R&D O O
PEM SOFC
O FreedomCAR Fuel Partnership 0O SECA Solid State Energy
O 21stCentury Truck Partnership Conversion Alliance
O Technology Introduction
SOFC
SECA Solid State Energy Conversion Alliance
Office of Fossil Energy 1999 SOFC
2 EERE R&D
EERE R&D
MEA
3-2-3
3-2-3 EERE R&D 2002
$45 kw 2010
50 $300 kW
5,000
40,000
30
2004 6 R&D
Go/No Go
20 F 28.9
2003 JARI
14
15 3 2002 NEF FC

20



R&D 3-2-4
3-2-4 R&D 2002

Catalytica 3M MEA
Nuvera STAR 3M
Nuvera Hi-Q DeNora/DuPont MEA

UTC Fuel Cells
UTRC Superior Micropowders Pt

SWRI/Gore

ANL
Air Products LANL
McDermott /
ANL Porvair
PNNL Honeywell
LANL UTC Fuel Cells

ORNL
Honeywell
Mechanology TIVM TIAX
UTC Fuel Cells BTI
TIAX DTI
2003 2004 3-2-5

3-2-5 2003 2004
30 R&D
FCV
2003 1 http://e-center.doe.gov
2003 11
R&D Go/ No Go 2004
2004 6
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3 EERE
EERE 3-2-6

3-2-6 DOE/EERE

2010
70 $1.50/gge  150kg/

2015

- $2.50/gge

2012 DOE
2015
2010
- 7.5
- 1,500 Wh/L
- $5 /kWh
2010
- 50
- 40,000
2015 PEM FCV
- $30/kW
2015

2008 25MW

2012 5,000 PEM FCV 5
- 5,000
- $45/kW

2010 FC

gge Gallon of Gasoline equivalent

EERE 3-2-7
3-2-7 EERE

DOE

(h~|lO

(€3]

N
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DOE/EERE 3-2-5
3-2-6

Potential Hydrogen Technology Transition Pathway

! o

OFCVT OHFCIT
o FreedomCAR

Goals

OFCVT OHFCIT

OHFCIT  Office of Hydrogen, Fuel Cells & Infrastructure Technologieg
OFCVT Office of FreedomCAR & Vehicle Technologies

3-2-5
2003 JARI
R&D R&D
e ——
i l
i i RD&D [.‘: ) [
»
Piiicss .
i | I
& [ III i
Priass | >1'ﬂ'
1Y
I | 1 o
B

S R 5

3-2-6
2003 JARI



4 DOE
1

DOE 2001 11 5

Committees on Appropriations

Full Report

DOE 1

Interim Report
DOE
2 DOE
2003 2 DOE

Congress

a FC
FC

FC

FC

13
14 3 2001 JEVA

DOE Fuel Cell Report to Congress ESECS EE-1973
ESECS EE-1973

DOE Fuel Cell Report to Congress

2012

24

2003
2003

2

2

the House and Senate
2

Fuel Cell Report to

FC



FC 3-2-8

3-2-8

DOE Fuel Cell Report to Congress ESECS EE-1973 2003 2

20

FC
FC

25



FC

FC

FC
FC

FC

FC
SECA

SECA Solid State Energy Conversion Alliance
SOFC

26

DOE

1999

FC



FCV

3-2-9
3-2-9 FC
2000 2005 2008 2010 2015
Phase 1 Phase 2 Phase 3
FC
60-70%
60%
30-50kwW 2008 20-25MW 2012 500MW
35-55% 40-60% 5
$400/kW $400/kW 25
10 40-60%
$400/kW
I
DOE Fuel Cell Report to Congress ESECS EE-1973 2003 2
FreedomCAR U.S. Council for Automotive Research DOE
FC FCVv
FCV
DOE
2002 11
National Hydrogen Energy Roadmap
FCV

DOE National Hydrogen Energy Roadmap 2002 11
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3-2-10

CaFCP 50 FCV
1
3-2-10 FCV
2000 2004 2009 2015
Phase 1 Phase 2 Phase 3
FCV FCV FCV
e == S %
1,000 2,000 5,000
$200/7kW $125/kW $30/KW
50 $3/gallon $1.5/gallon
2,000 o 120g/mile
$125/kW 5,000
$3/gallon $45/kW
$1.5-2.6/gallon
120g/mile
[ N
l I I I ]
DOE Fuel Cell Report to Congress ESECS EE-1973 2003 2
FC
National Energy Policy
FC

FC

National Energy Policy
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FC

2015

R&D

DOE

DOE
FE

29

FC

R&D

2015

EERE



IPHE
DOE 2003 4 28 IEA
International

Partnership for the Hydrogen Economy IPHE

1/10

2040 33

19

DOE

IEA

IPHE

2003 JARI

30




6 16

The US
vision and roadmap to a hydrogen economy
IPHE
DOE 13
20 20
10
60
50
2003 3

Fuel Cell Annex to the US-EU Non-Nuclear Energy Cooperation
Agreement

IPHE

IPHE

2003 JARI

2003 JARI
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2003 11 18 21 IPHE

DC 14
EU
IPHE
IPHE 3-2-11
3-2-11 IPHE
IPHE
IPHE
IPHE 1)
2)
3)
1)TOR Carbon Sequestration
Terms of Leadership Forum
Reference 2)TOR IPHE
TOR
3) TOR
2003 JARI

http://www.usea.org/iphe.htm
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6 CARB

1 Zero-Emission Vehicles ZEV

CARB 1990
Emission Vehicle ZEV
ZEV
3.5
2% 2003 10% ZEV
1996 ZEV 2003
1998 03 ZEV10%
PZEV ZEV 4% PZEV
PZEV 3-2-12
15
15 15
ULEV
3-2-12 PZEV
PZEV
1 SULEV NMOG 0.01gpm NOx 0.02gpm
ULEV NMOG 0.04gpm NOx 0.07gpm
2 Og/test
3 OBD OBD2
4 15 15
1 4
2000 Advanced Technology PZEV
1998 ZEVA4% 2% PZEV ZEV
2% 3-2-13 2003
ZEV 2018 16%
ZEV PZEV PZEV
2000 JEVA
15
PZEV: ZEV PZEV SULEV HEV
FCV

33

ZEV Zero

SULEV




3-2-13 ZEV PZEV PZEV

ZEV Gold EV FCV
PZEV Silver HEV FCV CNG
PZEV Bronze SULEV
2002 1 GM DJ/C
6 03-04
ZEV CARB 05
ZEV 2003 1
ZEV 3 4 8 ZEV
GM D/C
2004 2
2004 3 25
ZEV
ZEV 05 ZEV 10%
18 16%
20
16 b @ et
- ] O
12 b ey U R P N . |:|
i I -
8 - P [ AN MY DR (R
4 - _ ................... ...
0 1 1 1 1
2005 2009 2012 2015 2018
ZEV 3-1-13 ZEV PZEV PZEV
ZEV
ZEV LDV+LDT1 LDT2
LDT2 07 12
ZEV LDV LDT
6
ZEV PZEV GM D/C
6
LDT2=Light Duty Truck2 Loaded Vehicle Weight 3,751 5,750 SUvV
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ZEV ZEV
ZEV
ZEV
FCV EV HEV PZEV
05 40 12 0.931 0.266
09 4 3 0.7 0.2
PZEV 03 04 MY 6%
PZEV 05 06MY PZEV
FCV 01 08MY FCV
250 05 08MY PZEV ZEV
FCV 09 11MY 2,500
12 14MY 25,000 15 17MY 50,000
FCV EV
FCv 1 EV 11MY 10 17MY 5
FCV 11MY
09 ZEV
1990 ZEV EV PZEV FCV
EV PZEV  HEV
05
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CaFCP

2000

1999 4
CaFCP
11 1
3-2-14 2000 6 CaFCP
CaFCP FCV
2003 2007
3-2-14 CaFCP 2004 1
DaimlerChrysler Ford Hyundai
VW GM
FC Ballard UTC-Fuel Cells

BP Shell Texaco ExxonMobil

California Air Resource Board CARB
California Energy Commission CEC

South Coast Air Quality Management District
U.S. Department of Energy DOE

U.S. Department of Transportation DOT
U.S. Environmental Protection Agency EPA

Alamada-Conra Costa Transit AC Transit
Santa Clara VTA SunLine Transit Agency

Air Products Praxair

Methanex

Proton Energy Stuart Energy PG&E
Ztek Corporation

3-2-15 CaFCP 2004.1
30
58 3
41
14.53 232 km
1.2
2 CaFCP HQ
2,600
15 JHFC
14
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3-2-16

D/C

FCV
California
Energy Commission
CaFCP 2003 4 2007 3
v
v LA
v 300
v
v
v
v
v
v
v
CaFCP 1 2003 1
1 2003
3-2-7
2004 3 AC Transit VTA SunLine FC
3-2-8 FC 7 3-2-17
2 DOE NREL
National Renewable Energy Laboratory
DOT CEC
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UC Davis (Q4 2003) |

AC Transit

LAX (Q4 2003)
SCAQMD

i CaFCP HQ

Aubum (Q4 2003)
=" PG&E CNG

SunLine Transit

uc

PR, . —

Sunisne Trantd Agenty
Coachedla valey

UTC-FC FC

Alamada Conira

Van Hool Gili
FC uTe-rc FC Bglllgrd
ISE Research
3-2-8 CaFCP
3-2-17 FC
AC Transit | SunLine VTA
Van Hool -
ISE Research Gillig
FC uTC Ballard
3 | 1 3
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California Stationary Fuel Cell Collaborative
CARB 2001 6 California Stationary
Fuel Cell Collaborative CaSFCC CaSFCC

3-2-18

3-2-18 CaSFCC

State Agencies California Air Resource Board
California Business Transportation

and Housing Agency
California Department of General Services
California Department of Transportation
California Energy Commission
California Environmental Protection Agency
California Public Utilities Commission
California Resources Agency
California Power Authority
California State Fire Marshall
California Trade and Commerce Agency
Governor's office of Planning and Research
Local Agencies South Coast Air quality Management
Federal Agencies US Department of Defense
US Department of Energy
US Environmental Protection Agency
Non-Government Agencies | Los Angeles of Water and Power
National Fuel Cell Research Center
Sacramento Municipal Utility
US Fuel Cell Council

2006 50 250 MW

CARB CaFCP  CaSFCC R&D
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2002

Pavley

1493 Assembly Bill 1493 Gray Davis
1493 Fran Pavley
Bill
CARB 2009
2005 1
3-2-19
3-2-19
2002 12
2003 3
10
CARB 11
2004 5
6
7
CARB 9
2005 1
14
15 3 2002 JEVA
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3-2-2 EU
1 EU Framework Programme:FP
1 EU Framework Programme:FP
1984 5

European Commission EC

5 FP5 1998
2002 2002
3-2-9 6 3-2-20
3-2-21 175 2 1
FP5 17
FP6 2002 2006 European Research Area
ERA
3-2-20 1 EU
Billion € 17.5
15
112
6.6
54
3B
EFZ FFa FRd FE
1991 a1 1908 007
3-2-9 Framework Programme
2003 JARI
5 1 FP 2002 FP5
FP6 2003 1
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3-2-20 FP6 1

Focusing and integrating Community research 13 345

11 285
(T hematic priorities)

E ) P I B
sess | |
L "N I

610

700

S " N B

Structuring the European Research Area

3 JRC

Non-nuclear activites of the Joint Research Center

http://www.cordis.lu/fp6/budget.htm
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3-2-21 FP6 2

(Support for the coherent development of policies)

(Euratom Framework Programme)

2 Structuring the European Research AREA 2 605
1
, 290
(Research and onnovation)
2
.. 1580
(Human resources and mobility)
3
. 655
(Research infrastructure)
4
, , 80
(Science and society)
3. Structuring the foundations of the ERA 320
1
. . 270
(Support for the coordination of activites)
2
50

(Pr/aﬂty thematic areas of research) - -

s

[ T N

2
50
(Other activities in the field of nuclear technologies and safty) - -
3 290
(Nuclear activites of the Joint research Center)

e

17 500

http://www.cordis.lu/fp6/budget.htm

2 FP6

43




3-2-10 FP6

FP5

Million Euro
160 -
140 A
120 A
100 A
80 1
60 1
40 A
20 8 .
"~ FP2 (1987- FP3 (1991- FP4 (1995- FP5 (1999- FP6 (2003-
1990) 1994) 1998) 2002) 2006)
3-2-10
2002 10 High Level Group on
Hydrogen and Fuel Cells HLG HLG
HLG

2003 6 16 17 -

The hydrogen economy-a bridge to sustainable energy

HLG
Hydrogen energy and fuel cells-a vision for our future
3-2-22 3-2-11
3-2-12
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3-2-22 HLG

fuel cells

Technology Partnership

European Roadmap for hydrogen and

European Hydrogen and Fuel Cell

'l.:l:li. I .P'l " i

Fiih el s

3-2-11 HLG
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14

i L SOFC [<10MW]
i f mf FCV [

*1. FoV
s > PEM [<300
\*/ MCFC/SOFC  [<500KW] [ICE “
2000 PEM [<50kw]

3-2-12




Alternative Fuel Contact Group AFCG 2001
11
Communication of Alternative Fuels 2002
2003 12 AFCG
Market Development of Alternative Fuels

Biomass-to-Liquid

Well-to-Wheel
Well-to-Wheel
CONCAWE EUCAR European Car Manufactures
75%
2010 CO2
16% 13%
2020 10%
2020 5%
2020
fast track CO2
Biomass-to-Liquid
EU 2010 6% Biomass-to-Liquid

15%

Biomass-to-Liquid
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3-2-3 FC

FC CUTE Clean Urban Transport for Europe
ECTOS
Ecological City Transport System
8 10 DaimlerChrysler 30 FC CITARO
3-2-23
3-2-23 FC
FC
FC
FC
8 10 30 FC

2
10
40

3-2-13 ECTOS
1 CUTE
3 FC CUTE 9
27 FC
14
15

3-2-5 2

48



ECTOS PAATT _ |
Ecological City Transport System _ _ {
3 .
lI-P- ! . I-I|
> ?‘II Sk

C ol ST CUTE

‘_:‘_:-_'11 maERR, Clean Urban Transport for Europe
Aierny | \ 27

r I-' ™ -1 Ly )
FrdsP et Lo =y
L 1 g W Al o P e

3-2-13 FC
14

3-2-24

3-2-24 FC

GVB Amsterdam TMB Barcelona HHA Hamburg
London Transport EMT Madrid AVL Luxembourg
INE Reykjavik STCP Porto SL Stockholm SSB Stuttgart
Ballard Power Systems bp Busslink DaimlerChrysler
First Group Environment & Health Protection agency
EvoBus Gas Natural Hamburger Elektrizitatswerke
Shell Hydrogen Air Liquide Milieudienst Amsterdam
Norsk Hydro Fortum Xcellsis Neckarwerke Stuttgart

14

FC 8 10
1 120kg 3
50 FC 1 15
8 50%
10%
3-2-25

49
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FC

3-2-25

2003.9.8

9

2003

2004.2

15

FC

CUTE

9

2003

2003 4

ECTOS

CUTE ECTOS

3-2-14

FC

10

2005

2004

2003

2002

FC

]
Citaro
2001

FC

3-2-14

15
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3-2-4

1
1990
1990
ZIP
2001
2 TES Transportation Energy Strategy
1998 5 3-2-26
3-2-26 TES
DaimlerChrysler AG
BMW AG
Volkswagen AG
Adam Opel AG
MAN AG
Deutsche Shell
ARAL AG
RWE-DEA AG fur Mineraloel und Chemie
TES 2008 CO2 20
11 80
2000
1 3
JEVA
1 2010 2.5% 2020 15%
2010
2020 15,000
2005 2008

Berlin Project

2001 3 TES

51
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3 CEP Clean Energy Partnership

CEP Clean Energy Partnership FCV
3-2-27
CEP 3-2-15
3-2-27 CEP
BP Aral
GHW Electrolyser
Linde
BMW 4
DaimlerChrysler | 8 FCV
Ford 4 FCV
GM Opel 1 FCV
| 2002 | 2003 | 2004 | 2005 | 2006 | 2007 |
| 20021 20043
2005.4
1 2007.12

2

3-2-15 CEP

15
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3-2-5

1
64TWh
40 45TWh 25 30TWh
6.5TWh
15TWh
1.3WTh
65% 100%
75
86
8.6toe  OECD
86
2
2000
2,000
NATO . ”
33 66
40
8 9 4 5TWh
8 10

1kwWh 2
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3-2-28 3-2-16

3-2-28
PEFC 2002-
3 DaimlerChrysler
PEFC
PEFC 2003-2004
2
PEFC 2006-
1
PEFC
2030-2040
The lceland’s Vision
The Past The Present The Future
A
The transition
The internal combus - is m essy
) tion engine led to the emm ==
s oil industry -
S
3
8
§ The fuel cell may
T lead to the methanol /
hydrogen economy
2 O 2 O TiVme
3_2_16 113 7
13
14 3 2001 NEF FC
1999 DaimlerChrysler Shell Hydrogen
Norsk Hydro 8 Icelandic
New Energy
1 2001 3
ECTOS Ecological City Transport System
2002 3-2-3 FC
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3-2-6

1 NRCan
1 National Fuel Cell Research Initiative
National Fuel Cell Research
Initiative 3 30 24

NRC-IFCI The NRC Institute for Fuel Cell Innovation

2 CTFCA
Canadian Transportation
Fuel Cell Alliance CTFCA 2001
2000
2005 5 2,300
1,720
PEMFC PEMFC

3 Hydrogen Highway
Hydrogen Highway NRC Methanex BC Hydro Powertech
Fuel Cells Canada FCC
CTFCA
BC

3-2-17 BC Vancouver Surrey
Victoria Squamish Whistler Village
Whistler Village 2010
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TPC

TPC

15

2002 2

1999

4,000

NRC

56

o TIHART—
=
T
® -~ o
W — ""'"I ‘_ﬂ_ . .
#E-m-r-m
¥ X
MDD Y _
" =
3-2-17 Hydrogen Highway
JHFC
TPC
TPC
3 150 17
1998/1999 200
1,900
National Research Council Canada NRC
NRC 19



NRC NRC-IFCI NRC Institute
for Fuel Cell Innovation NRC
NRC PEMFC SOFC FC
FC

4
1 Vancouver Fuel Cell Vehicle Project VFCVP
2004 FCC NRCan NRC-IFCI
BC Vancouver Fuel Cell Vehicle Project
5 FCV
5 800
NRC
Ford Focus FCV 3
5 Dynetek Ballard
FCC
FCV NRCan BC NRC FCC

2 CH,IP Canadian Hydrogen Infrastructure Program

CHzIP
BC BC Hydro
BC Stuart Energy
Dynetek
Step Step 3-2-29 70MPa
2003 3
2004
2,300
30%
PR
3-2-29 CH,IP
[Step  35MPa
15
2002 JEVA 15
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30% CNG70%

24 24kg

100%

Step 70MPa

35MPa 70MPa 70MPa
35MPa 70MPa
82.5MPa Step
70MPa
Step
PowerTech 70MPa
82.5MPa
3 Hydrogen P700
Hydrogen P700
Powertech BC Hydro JFE
70MPa
OEMs
DaimlerChrysler Ford Peugeot Hyundai 6
Dynetek 3 4 10
1 3
1
2
3
2004
3-2-7
3-2-30
CaFCP
FC 2020
FC
13 14 3

2001 JEVA FCV
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2005

GM 2003 DC
3-2-30
Washington DC DOE PAFC
GT Univ. 1995
Chicago 1998 Ballard FC
Palm Springs 1998 PEFC Utility car
Palm Desert 1998
CaFCP Sacramento 2000-2007 | FC FC
DOE California 2004-2008 | FC
Richmond
CaFcP Oakland 2004-2005 " Ballad 3
Santa Clara
Palm Springs
2003 2
GM DC Washington DC GM HydroGen3
-2005
Vancouver 1998 Ballard FC
FC Vancouver Victoria
VECVP Whistler Village 2004 Ford Focus FCV
NEBUS Stuttgart 1998 | D-Benz NEBUS
Hamburg
Oberstdor 1999 Neoplan FC
Erlangen 1999 MAN/Siemens
CEP FC DaimlerChrysler
. Berlin 2002-2007 | GM/Opel Ford
Clean Energy Partnership
BMW
ECTOS Reykjavik 2003-2005 DaimlerChrysler CITARO
CUTE
EU
Amsterdam
Barcelona Hamburg .
CUTE London Luxembourg | 2002-2005 Degrg%ghrys'er CITARO
Madrid Porto
Stockholm Stuttgart
FIAT IRISBUS
. . . . FC
CITYCELL Demo. Project Torino Madrid Paris | 2002-2006 CITYCLASS HS-EC BUS
CRISTALIS HS-FC BUS
WE-NET 7
1 3 13 1 22 2001 JEVA
14 2002 NEF
FC 15
GM DC FCVv GM
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Washington DC Demonstration Project 3-2-31

3-2-8

350bar

700bar

3-2-31 GM Washington DC Demonstoration Project

GM

GM Washington DC demonstoration Project
GM WDC Project

NGO

2003 2 2005

FCV

6 GM HydroGen3
2004 1 4
2004 2

GM FCV
Shell

GM Shell

3-2-32

3-2-33
FC

2003

JARI
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3-2-32

CaFCP
California Fuel Cell
Partnership

2000

2002 10

2002 4

CARB CEC DOE
DOT EPA SCAQMD
Ford Motor DaimlerChrysler
GM Toyota Honda Nissan
Volkswagen Hyundai
B.P Shell ChevronTexaco
ExxonMobil
Ballard UTC-FC

The Clean Air Now
Solar Hydrogen
Vehicle Project

—

Ford Ranger

Clean Air Now
DOE SCAQMD Xerox

9000

Ballard

34m3

Chicago
Transit Authority Ballard
Power Systems Air Product
Hydrogen Components

DOE
Augusta Public Transit 4

SCAQMD
SBIR Schafer Corporation

DOE
Schatz Energy Research
Center Humboldt State UNV.

DOE Las Vegas
Air Products Plug Power

Ballard

BC Hydro BC Transit
Ballard Electrolyser

CH:zIP

Canadian Hydrogen
Infrastructure
Program

2004 35MPa

70MPa

35MPa

BC Hydro PowerTech
Stuart Dynetek

CUTE ECTOS

Ballard FC

DaimlerChrysler Ballard
EvoBus BP Shell Hydrogen
AirLiquid Xcellsis

61

13 3

2002 NEF

14




3-2-33 2
SWB
Solar-Wasserstoff- LH:2 BMW Linde Siemens
Bayern
LH2100L 3
3,000L
NEBUS
Ballard Daimler-Benz
New Electric Bus
W.E.I.T Dow Chemical
Wasserstoff-Energy- | 6 Benz Sprinter 13
Iceland-Transfer Hermes Versand
Service
EQHHPP Euro-Quebec Hydro-Hydrogen Pilot
Project MAN
2002 2 NEDO
WE-NET
2002 8
2003.9.16 JHFC
35MPa 25MPa
1MPa
60Nm3
30Nm3 h
JHFC 2002 6
2003
4 1 WE-NET
2005 3-3
8
13 3 14
2002 NEF FC
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3-2-34

1. London LA-Xerox
Chicago Ford

2.
Sacramento

3. Miinchen

4, JHFC

5. JHFC

6. Hamburg

7. AL Palm Desert

8. PEM

9. AL Vancouver Palm.Sp.

10. JHFC

11. Palm.Sp WE-NET

12. JHFC

13. JHFC

14.LP JHFC

15. JHFC

16. PEM WE-NET

17.

13

63
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3-3

3-3-1
FCV 3-3-1 3-3-3
3-3-1 1
Ballard Xcellsis Ballard
FCVv FC Ford
2000 FCV Necarb5 3-3-4 Millennium-
2 Cell
2001 Necar5 1,300km
2001 7 Hermes Versand Service
FCV Sprinter 3-3-5 2
2001 12 Millennium Cell NaBH4
Town & Country Natrium 3-3-6
2002 10 FCVv F-Cell Ballard
3-3-7 2003
DaimlerChrysler 60
FC CITARO Ballard
3-3-8 2003 10 30
2003 3 F-Cell JHFC
F-Cell
FC CITARO
2003 6 HEV FCV
2003 10 F-Cell
2 120
12
DOE/PNGV 50kW DaimlerChrysler
IFC Ballard
1999 12 DaimlerChrysler Ballard
Ford 2000 FCV Focus FCV
2000 EVS-17 FCV  P2000
2002 4 FCV Focus FCV Ballard
3-3-9 5
2003 2004 Focus FCV
1996 CEA
2001 7 Millennium Cell CNES
2001 12 CEA CNES
2002 2 UTC Fuel Cells
2002 JEVA 2003 JARI
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3-3-2 2

Capri Johnson
h Matth Matthe
Volkswagen Johnson Matthey \
Volvo 2000 11 FCV BoraHyMotion  CaFCP
2002 2 HY.Power PSI FC
7 5 kw Shell
evco 1998
UTC-FC
BMW Delphi SOFC Delphi
DOE/PNGV 30 kW
Ballard ExxonMobil
1997 Zafira BP
FCV ChevronTexco
FCV FCV Quantum
Exxon BP General-
2000 Precept Hydrogen
3-3-10
2000 Zafira Hydrogenics
Giner
2001 1 Clean Hydrocarbon Fuel ShellHydrogen
2001 6 Quantum
2001 6 General Hydrogen
2001 8 FCV Chevrolet S-10 3-3-11
2001 10
2001
FCV HydroGen3
2001 10 Hydrogenics Giner
2002 1 FCV HydroGen3 3-3-12
2002
GM FCV AUTOnomy
2002 5 Chevrolet S-10
2002 7 Quantum 70MPa
2002 8
FCV HY-wire 3-3-13
2002 12 FedEx Express 2003 6
HydroGen3
2003 2 HydroGen3 70MPa
2003 3 HydroGen3 JHFC
Shell Hydrogen
D.C. FCV 2003 10
2003 4 FCV BMW 2010
FCvVv
2003 5 DC FCV
2 1
2003 7 HydroGen3
2003 10 2010 4 FCV
10 100
2002 JEVA 2003 JARI
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3-3-3 3
Thor Industries.Inc. 2001 UTC-FC
Th FC ISE Reserch
or FC UTC-FC ISE Reserch
2001 2 2 Nevera FC
FCV SEICENTO-FCEV
Fiat FIAT IRISBUS 2 FC CITYCLASS
1a HS-FC BUS 3-3-14 CRISTALIS HS-FC BUS 2003
FC CITYCELL Demo
2001 6 Quantum 350 UTC-FC
Quantum
2003 1 FCvV 1
2008 2010
2003 10 1 FCV
2002 JEVA 2003 JARI
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3-3-4 DaimlerChrysler Necar5 2000

x m 3.605x 1.720x 1.575

5

150km/h

55 kw

75 kW

3-3-5 DaimlerChrysler Sprinter 2001 7

800kg

120km/h

150km

55kW

Ballard Mark900

55kW
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3-3-6 DaimlerChrysler Town&Country Natrium 2001 12

80mph

300

AC

35kwW

Ballard XCELLSIS

NaBH4

40kwW  Li

3-3-7 DaimlerChrysler F-Cell 2002 10

X X m 3.785x 1.720x 1.590

140 km/h

150 km

65kW

210 Nm

Ballard Mark902

68.5kW

35MPa

4.2 100km 23.8km

2003 12
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3-3-8 DaimlerChrysler CITARO 2002 10

70

80 km/h

200 km

200 kW

Ballard Mark902

250kW

35MPa

120

3-3-9 Ford Focus FCV 2002 4

4.338x% 1.758

1,600 kg

128 km/h

260-320 km

65 kW

Ballard Mark902

35MPa

69



3-3-10 GM

Precept 2000

108mpg

500

85kW

GM

100kW

3-3-11 GM Chevrolet S-10

i

GM 2000

94 kW 126hp
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3-3-12 GM HydroGen3 2002 1

m 4.315% 1.750x 1.685

1,750 kg

5

160 km/h

400 km

60 kW

215 Nm

94kW 129kW

68 4.6kg

3-3-13 GM Hy-wire 2002 8

m 4.357%x 1.670x 0.279

1,900 kg

5

60 kW

215 Nm

94kwW 129kwW
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3-3-14

FIAT IRISBUS CITYCLASS HS-FC BUS

m
73
60 km/h
UTC-FC
75kW
20 35MPa
FCV DaimlerChrysler FCV
3-3-15
3-3-15 DaimlerChrysler

Necarl 1994 190Van

Necar2 1996 V-Class

Nebus 1997

Necar3 1997 A Class

Necar4 1999 A Class

Necar4A 2000 A Class

Necar5 2000 A Class

Sprinter 2001

Natrium 2001

F-Cell 2002 A Class

CITARO 2002
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3-3-2 Ballard Power Systems

Ballard Power Systems 1997 12 DaimlerChrysler
Daimler-Benz Ford
2001 Ballard Power Systems XCELLSiS Ecostar 100
3
Ballard
3-3-1
APU APU
FC Ballard Power Systems FC
Ballard 1y g 1 sis
FC Gener FC
ation Ballard Power Systems
Syste
ms
Ecostar
E-Drive E-Drive
Colem | Alstom Colem
an an
3-3-1 Ballard

2001 JEVA
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3-3-3

PEFC

3-3-16  JARI

3-3-16

PEFC

PEFC

2003

3

GDL MEA

MEA

MEA

DuPont

3M

BASF

Celanese
Venture

Gore

JohnsonMatthey

Engelhard

dmc2
(OM Group)

SGL-Carbon

Ballard Power
Systems

UTC Fuel Cells

Nuvera
Fuel Cells

Siemens
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FC

3-4-2

3-4-1

3-4-1

NEDO

3-4-1

49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

3-4-2
56 57 58 59 60 61 62 63 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
>
—>
200kW 1MW
+—>
PAFC 1MW 5MW .
+—>
50kW  500kW
2
+“—>
50kW__500kwW
10kwW
< > 1
MCEC 100kW 208
—>
1000kW
——>
100w
¢ N 11
SOFC kw1 30
kw2
+—>
1kw 11
10.0
+—>
PEFC W
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WE-NET
—o0
L—o
CE
_L_'i °
_L_'__ °
—o
O
—— O
—— O
—o0
—— O
—o0
—o0
—o0
L—o
3-4-1
1993 3 15
WE-NET
WE-NET World Energy Network
5 NEDO WE-NET
WE-NET 1993 1998 6
1999
2001
1 2002
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2003

77

10
WE-NET 3-4-3
FC
7 1997
FCV
3-4-3 WE-NET
1
2
3
4
5
1993-1998
6
7
8
9
1
2
3
4
5
6
1999-2002 7
8
9
10
11
12
3
CO2
PM
2002 2007 5 2004
15 4,773
4 2
NEDO

NOx



3-4-4
3-4-2

KYODO NEWS ONLINE 1999.12.19
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1,206
3-4-5

FC




3-4-4

2005

2001

2002

2004

2005

11 12 19

3-4-5

12
2000

13
2001

14 15
2002 2003

16
2004

RATRA

79




08

L7 h-IOT e ot EHE

£ b = Cf}
SN TN g P = [ 2-325] | i Eol TH B e T G [P D] | LhEErERS
e o T ] « BEFER R T ¥ S B T T » IR R 7 1 7 T
e > ”
[ swzaemicRrsRss sane® (015 | | S TS B e - | REREY M. BARE AT SE
PR ML [ TR R R = A R L B T :
R L LT e
| Eﬂmmmim(“ |F...'| | ................. I !’l#]lﬂ#_” “I*JL“#_Eg!ﬂ I
e BT 7 50— S I
T M o N I
HR v e e et EHdm s FERE T 2T L | EAEETE WE iR I
e e & B ISEE (1 2--16)
- S TR 1
SRR b A IR - o | nEDOD aemriat-ieimes | | HEDO TENOSEDA & |
fpEd | T y R RN AR T LSRR EE e
I =E ot A il Sk AT 3 iesl JEFH LMl LN =6 S
maErebm | ] | 2R TR RS | 1eHmEh DTE AW TR B
LR L] Bl wa ErfarezEs
;ﬂlﬂ:::;m bl i B RS LREEEE L Fo
o ax | |m= | mE gned | | eaoeesa
M BFRihEFRe e el O H TR EE e N}
| R ¥ Phmiaamiees
FOEVM - R
T 3
ogewery) 2 "Eneewsss — ____}_l__l
[ 150 ToR a0 (MRSt IEC TORMRESEED-Cvs | | 00 TOIerR B Pasimvay || B0 TO SO - maacevs) |
a— ] EEIARERES 50 () SOBHE: RRIAHRREF R 1= ) SoWE, | ECE. SSBE MEATEE I
3-4-2
HP 13 1

* 15 7 1 JEVA JARI JARI



2004 1 8

DOE

1999 12
9
2000 1 22
9
13 1 22
1
15 20 30
70
2
CO2
NOx SOx PM
3
4
5
12
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21

1
2
kW
1kW
5,000 25 /
kw 1 30 50
3
4
5
1
2000 2005
2005 2010
2010 5 2.1 kw
2003
2
2010
2020 5 10 kW
2
GTL
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GTL

2000 8 8 13

11

20046 3 11

3-4-6

3-4-8 2005

12

3-4-7

83

2003

4

22

15




3-4-6

2005 2010
2010
36 t 4 Nms
500 1%
2010 2020
2020
500
58 t 65 Nms
3,500 7%
2020 2030
2030
1,500
151 t 170 Nms
8,500 17%
12
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3-4-7

2005 2010
1kW
KW
LPG 2010
220 kW
2010 2020
1kW
2020 1,000 kW
2020 2030 | 2020
2030 1250 kW
12
3-4-8
2010 2020 2030
5 500 1,500
210 kW
1,000 kW 1,250 kW
220 kW

12
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15 12 24 16

15 3-4-9
16 2004
SOFC
3-4-9 16
15 16
1,568 1,613 2.9
() 307 329 7.2
() 39 30| a223
() 51 42| a18.8
() 45 64 39.6
() 16
() 20 20 1.3
2,268 2,438 7.5
() 772 876 13.5
() 234 262 12.0
2,348 2,456 4.6
() 693 635| a84
() 62 62 0
603 653 8.3
16 2003 12
16 2004 1
16 2003 12
( 2005 ) 2005 2010 (2010 )

86



14

3
14 20
15 25
3 3-4-3
JARI 14
6 6 15
8 10
14
ENAA
2
JHFC Japan Hydrogen & Fuel Cell
Demonstration Project JHFC
14 16 3 1 17
3-4-2 2
NEF
14
12 15 31
16
15 JHFC 2004 3 12
14 JEVA 15 7 1
JARI 15 JARI
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15

3-4-3

JHFC
15 8 28
1
1
FCHV BUS2
15 9
FCV
15 4 21

88

2004 3

FC

FC



10kW

2005

2019 400
FC

14 3

HP
14 3

89

15

2001

HP



12

3-4-2 FCV
1 PEC
PEC
FCV FCV
Necar5 FC-EV 2
FCV
13 2 8 DaimlerChrysler
FCV
FCV
PEC 2 15
2 3-4-10
FC-EV 3-4-4 Ford DaimlerChrysler Ballard
FC FRP
FC DaimlerChrysler  Necar5 3-4-4
FC-EV 400km Necar5 1,300km
DaimlerChrysler 2001 5
3-4-11
3-4-5 HC
75% CO NOx
3-8-3
8
2001 5
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3-4-10

FC-EV Necar5
Mercedes-Benz A-Class

5 5

5 5
mm 4,350 3,605
mm 1,695 1,720
mm 1,605 1,575
mm 2,670 2,425

kg 1,850
Ballard Ballard MKO901

75kW
65kW 88ps 55kW

3-4-4

FC-EV 5
3-4-11 Necarb5
PEC g/km
g/km 12 75% 14 LEV LEV2 98/69/EC
Necar5 LEV SULEV
Cco 0.008 0.670 0.670 0.630 2614 0.622 1.000 0.500
HC 0.036 0.080 0.020 0.120 0.100 0.050
NOy 0.000 0.080 0.020 0.280 0.044 0.012 0.080 0.250
13 3
Necar5 8 2001 5
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12

75%

Necar5
PEC

98/69/EC

LEV
LEV

LEV

SULEV

14

98/69/EC

3-4-5

200%

Cell Demonstration Project

3-4-12

0% 25% 50% 75% 100% 125% 150% 175%
: l mCco
l mHC
l COINOX
1 | | |
Necar5
JHFC
JHFC Japan Hydrogen & Fuel
JARI
ENAA
3-4-6 JHFC JHFC
FCV
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14

6
15 4
3-4-12 JHFC
15
14 17
FCV 7
FCHV 35MPa
X-TRAIL FCV 35MPa
Honda FCX 35MPa
DaimlerChrysler F-Cell 35MPa
GM Hydrogen 3
MITSUBISHI FCV 35 MPa
wagonR-FCV 35 MPa
10
14 20
15 25
FCvV
FCvV
FCvV
FCvV
FCvV

15

JHFC
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3-4-6 JHFC

15

3-4-7 2003
2003 2
3-4-13

3-4-14

JHFC

2002

2003
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15

uTcC

35MPa

35MPa 35MPa
3-4-7 JHFC
15 JHFC
3-4-13
30Nm3/h 1
60
5 5 |
50Nma/h 1
40
+PSA
5
1
LPG 50Nm3h 1
40
+PSA PSA
5
1
25/35MPa
10
140L/
10
15 JHFC
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3-4-14

50Nm3/h 1
10

300

250

50Nm3/h
250L
40MPa  x 2

30Nm3/h

PSA

50NmM3/h

/135MPa
25MPa

30Nm3/h

2,030Nm?® 19.3MPa

5

15

JHFC
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3-415  JHFC 2002 11

2003 3

3-4-15 JHFC

2002 2003 2004 2005
i rrrrrrrrr T

o
i rrrrrrrrr T
AR EEEEREEEEEE

|

H]HII\II\II\II\
L rrrrrrrrrr

15 JHFC
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3-5

3-5-1 Fuel Cell Commercialization Conference of Japan
2001 3

Fuel Cell Commercialization Conference of Japan

FCCJ
FCCJ
2004 2 141
2 WG
WG SWG
3-5-1 WG 3-5-1
R EEWG
2 - ARRAS _
ARCSENRRTAWG
WAR (NEF)
3-5-1
3-5-1 FCCJ WG
WG
1 SWG
2 SWG
3 SWG
WG

1 SWG
2 SWG
3 SWG
4 SWG
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3-5-2 FCV

FCV 3-5-2 3-5-5
2002 12 5
FCV 2003 12
DaimlerChrysler 2004 3
3-5-2 FCV 1
FCV
1992 FCV EVS-13 1999
2001 1 Clean Hydrocarbon Fuel
GM Clean Hydrocarbon Fuel
2001 3 MH FCV FCHV-3
2001 6 FCV FCHV-4
7 CaFCP
FCHV-BUS1
FC
2001 10 CHF FCV FCHV-5
2002 2002 1 FC FC
FC
FC
2002 7 2003 2002
1
20
2002 9 FC
FCHV-BUS2
2003
2002 11 FCV FCHV
2002 12 2 FCV FCHV
4
120
2 1
JHFC 2003 3 FCHV
2003 JARI 2002 JEVA
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3-5-3 FCvV 2
FCV
2003 7 2005
FCHV-BUS2 8
6 8
2003 8 FCHV
2002 1
2003 8 FCHV-BUS2
2003 10 FCV Fine-N
2003 12 FCHV
2000 FCV FCV 2001 4
CaFCP
2001 7 Xcellsis FC
2001 11 Renault FCV FC
2002 1 FCVv 2005
2002 2 UTC Fuel Cells FC
2 uTC
2004 FC FCvV 3
2002 11 FCV X-TRAIL FCV UTC-FC
2005 2003
X-TRAIL FCV
JHFC 2003 3 X-TRAIL FCV
FCV Ballard
2003 10 FCV EFFIS
2004 3 X-TRAIL FCV 1 100
/
2003 JARI 2002 JEVA

100




3-5-4 FCvV 3
FCV
2000 11 CaFCP FCVv FCX-V3
Ballard 2001 2
FCX-V3 2001
7 FCX-V3 Ballard
2001 7
FCV
FCX
2001 9 FCv FCX-v4 2002 3
35MPa
2002 7 FCV Honda FCX Ballard
EPA CARB FCv
DOE EPA
2003 FCV
2003 2002
2002 23 30
2002 11 Honda FCX
2002 12 2 FCV Honda FCX
1 80
1 1
JHFC 2003 3 Honda FCX
2003 7 Honda FCX
80
2003 9 Honda FCX 2
2003 10 FCV KIWAMI
2003 10 20 Honda
FCX 2005
PEFC 2004
2004 1 FCX
FCVv 1991 1998 Ford Ballard
DaimlerChrysler Ford
FC
2001 2 FC
FCvVv FC-EV 2
7
FCV FC
Ballard FCV Ford
2000 11
100 6%
2003 JARI 2002 JEVA
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3-5-5 FCV 4
FCV
2005
FCV FC
2
2001 FC
DuPont
DaimlerChrysler
2001 10 DaimlerChrysler
Space Liner
DaimlerChrysler Ballard
2003 9 DaimlerChrysler FC
FCV MITSUBISHI FCV
JHFC 2004 1 MITSUBISHI FCV
2004 1 MITSUBISHI FCV
2001 10 FCV MOVE
FCV-K- FCV
FC
2003 1 MOVE FCV-K- FCV
2
2003 9 FCV FCV
MOVE FCV-K- 2
2001 10 GM
2003 10 GM FCV
WagonR MR Wagon
2003 10 FCV Mobile
Terrace
JHFC 2004 1 WagonR
2000 EV FCV
NEDO PEFC FC
2001
2003 JARI 2002 JEVA
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FCV 3-5-6
3-5-6

1996.10 FCEV

1997.9 FCEV 3-5-7
2001.3 FCHV-3 3-5-8
2001.6 FCHV-4 25MPa 3-5-9
2001.6 FCHV-BUS1 25MPa 3-5-10
2001.10 FCHV-5 3-5-11
2002.9 FCHV-BUS?2 35MPa 3-5-12
2002.12 FCHV 35MPa 3-5-13
2003.10 Fine-N 3-5-14
1999.5 FCV 3-5-15
2000.10 FCV 3-5-16
2002.12 X-TRAIL FCV 3-5-17
2003.10 EFFIS 3-5-18
2003.11 X'EEA”‘ 5o 35MPa 3-5-19

FCX-V1 3-5-20
1999.10
FCX-V2 3-5-21

1999 FCX 3-5-22
2000.2 FCX-V3 25MPa 3-5-23
2001.1 FCX-V3 25MPa 3-5-24
2001.9 FCX-V4 35MPa 3-5-25
2002.11 Honda FCX 35MPa 3-5-26
2002.10 (HREEEEEEE N 35MPa 3-5-27

FCX
2003.10 KIWAMI 3-5-28
1997.12 FCEV 3-5-29
1999.10 FCEV 3-5-30
PREMACY

2001.2 FC.EV 3-5-31
1999.10 MFCV 3-5-32
2001.10 3-5-33
2003.9 | MITSUBISHI FCV 35MPa 3-5-34
1999.10 MOVE EV-FC 3-5-35
2001.10 | MOVE FCV-K- 3-5-36
2003.10 | MR At 34.5MPa 3-5-37

R FCV

2003.10 Mobile Terrace 3-5-38

2000 FCEV 3-5-39
2003
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3-5-7 TOYOTAFCEV 1997 9

3.980x 1.695x 1.635

5

km

10 15 500

3-5-8 TOYOTA FCHV-3 2001 3

x X m 4.685x 1.825x 1.720
5
km h 150
km 10 15 300
kw 80
kw 90
2.2 300kg
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3-5-9 TOYOTA

FCHvV-4 2001 6

4.735% 1.815x 1.685

x m
5
km h 150
km 250
kw 80
kw 90
25MPa

3-5-10 TOYOTA HINO FCHV-BUS1 2001 6

O ROW-STER U

x m 10.515x 2.490x 3.360
63
km h 80
km 300
kw 80x 2
kw 90
25MPa
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3-5-11 TOYOTA FCHV-5 2001 10

x  x m 4.735x 1.815x 1.685
5
kw 80
kW 90
CHF

3-5-12 TOYOTA HINO FCHV-BUS2 2002 9

x x m 10.515x 2.490x 3.360
60
km h 80
kw 160 80x 2
Nm 520 260x 2
kw 90x 2
35MPa
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3-5-13 TOYOTA FCHV 2002 12

x x m 4.735x 1.815x 1.685
5
km h 155
km 300 10 15
kw 80
kW 90
35MPa

120

3-5-14 TOYOTA Fine-N 2003 10

4.355x 1.820x 1.495

4
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3-5-15 Nissan

FCV 1999 5

Ballard

3-5-16 Nissan

FCV 2000 10

Ballard

kW

75
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3-5-17 Nissan X-TRAIL FCV 2002 12

X m 4.465x 1.765% 1.790
5
km h 125
kW 58
UTC Fuel Cells
35MPa
3-5-18 Nissan

4
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3-5-19 Nissan X-TRAIL FCV 03 2003 11

X x m 4.485x 1.770x 1.800
5
km h 145
km 350
kW 85
UTC Fuel Cells
kW 63
35MPa
100 /

3-5-20 HONDA FCX-V1 1999 10

kW 49

Ballard

kW 60
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3-5-21 HONDA FCX-V2 1999 10

kw

kW

60

3-5-22 HONDA FCX 1999

4.525x 1.800x% 1.500
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3-5-23 HONDA FCX-V3 2000 2

kg 1,750
4
km h 130
km LA4 180
kW 60
Nm 238
Ballard
kW 62
25MPa
L 100

3-5-24 HONDA FCX-V3 2001 1

kg
km h
kw 60
Nm 238
kwW 70
25MPa
L 100
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3-5-25 HONDA FCX-v4 2001 9

kg
km h
km LA4 315
kW 60
Nm 238
Ballard
kW 78
35MPa
L 137

3-5-26 HONDA FCX 2002 11

x m 4.,165x 1.760x 1.645
4
km h 150
km 355 LA4
miles kg-H:z 51 48
kW 60
Nm 272
Ballard
kw 78
35MPa
L 156.6
80
EPA
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3-5-27 HONDA Honda FC STACK FCX 2003 10

S=

4.165x%1.760%1.645

X X m
4
km h 150
km 395 LA
Honda
kw 80 109PS
Nm 272 27.5kg m
Honda
kwW 86
Honda
35MPa
L 156.6

3-5-28 HONDA KIWAMI 2003 10

4.500%x1.820x1.250

Honda

Honda
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3-5-29 MAZDA DEMIO FCEV 1997 12

X m 3.800x 1.670x 1.535
4
km h a0
km 10 15 170
kw 40
kw 20

3-5-30 MAZDA DEMIO FCEV 1999 10

x m 3.800x 1.670x 1.535
4
km h 140
km 10 15/10 170
kw 50
Ballard
kw 50
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3-5-31 MAZDA PREMACY FC-EV 2001 2

x m 4.350x 1.695x 1.605
kg 1,850
5
kwW 65 88PS
Ballard

3-5-32 MITSUBISHI MFCV 1999 10

kw

kW
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3-5-33 MITSUBISHI

2001 10

4.900x 1.880x 1.530

4

4WD

DaimlerChrysler
NECAR

3-5-34 MITSUBISHI FCV 2003 9

x x m 4.755% 1.795x 1.690
kg 2,000
5
km/h 140
km 150
kW 65
Nm 210
Ballard
kw 68
35MPa
L 117
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3-5-35 DAIHATSU MOVE EV-FC 1999 10

X X m 3.395% 1.475x% 1.695
4
kW 32
kW 16

3-5-36 DAIHATSU MOVE FCV-K- 2001 10

X X m 3.395x 1.475x% 1.705
4
km h 105
km 120
kW 32
Nm 65
kw 30

25MPa
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3-5-37 SUZUKI MR Wagon FCV Wagon R FCV 2003 10

0

MR R

m 3.395x 1.475x 1.680 3.395x 1.475x 1.590

4

km/h 110

km 130

GM

34.5MPa

PB13A

kw 33

3-5-38 SUZUKI Mobile Terrace 2003 10

Qj‘*‘\f? *‘ﬁ

— : _____..J

X X m 3.050x 1.695x 1.740

6
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3-5-39 SUBARU

FCEV 2000

L]

L2y

& ==

kW

40

kw

10

120




3-5-3

FCV
3-5-40
3-5-40 FCVv
o FCHV
2003
o FCHV-BUS2
FCHV
FCvV
2002 11 X-TRAIL FCV 2004 3
o Honda FCX
2 3 30 2002
12 3
2002 3
Honda FCX 2005
PEFC 2004
FCV
FCVv 2010 2020
50 60kwW HEV
2003 JARI 2002 JEVA
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3-6

3-6-2 3-6-4

FC

2,800

15 7

3-6-1

3-6-1

2,500
FC

2004

4

FC
70

2

PEFC

LPG

1 3kwW
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3-6-2 PEFC 1

Ballard Generation 2000
Systems 250kW  $1,500/kW 2004
Plug Power 7TkW  $1,430/kW 2001
5kwW 2003 2005
GM 2005
2002
35 500W 1998
2001
H Power 4.5KW
500WPEFC 2002
2004 2005 1kw 5kw
2000
0.7kW PEFC
2002 NEF 1kWLPG
IFC 1kw
2003 NEF 1kWLPG
2004 2005 1kW B5kWPEFC
1kw 1998
1kw
2001
2002
1kw 2005 120 kW
2000
0.8kW PEFC
2002 NEF 1kw
2003 NEF 1kw
1kw
2004 1kW PEFC
1.5kw PEFC
2004 PEFC
2003 1 1kw PEFC
2002 2
2003 NEF 1kw
1kw PEFC 2005 100 120
/
16 3 16 2002 NEF FC
14 15

2002 JEVA FCV
13 1 22
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3-6-3 PEFC 2
2004 1kw
100 120 /
2000
1.3kwW PEFC
2002 NEF 1kw
2003 NEF 1kWLPG
2004
2004 1kW LNG
PEFC Ballard
Generation Systems 1998
Ballard  250kwW 2000
2000 1
2001
250kW 1kw 2003
2000
1kw PEFC
2002 NEF 1kw
2003 NEF 1kw
2003 1 1kw PEFC
1
2003 3
1KWPEFC Nexa Nexa
FCBox
2003 12 -2
2004 1kWPEFC
LPG
2003 1 10kwW
2003 1 3kwW
2004 LP
FC 1 1kw
16 3 16 2002 NEF FC
2002 JEVA FCV
13 1 22
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3-6-4 PEFC 3
2003 1 LPG 1kw
6 4 100
2002 NEF 1KWLPG
5kw
2003 NEF 1kWLPG 5kwW
5kW 2006
1kw PEFC 2005 3
NEDO PEFC
PEFC 2000 2001
2004
2002 83% 90%
2004 4
2003 7
500w 1kw
2000 1 2001 2002 2005
700W  1kW PEFC
2004 1kw
2003 NEF
1kwW
5kW PEFC
2002
2003 NEF 5kw
2004
2008
2000
1.0kwW PEFC
2002 NEF 1kw
2003 NEF 1kwW
2004
2008
16 3 16 2002 NEF FC
2002 JEVA FCV
13 1 22
100kW
75kW
W W
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2003

PEFC Nexa 100 Nexa
FCBox 250
3-6-5 3-6-6
3-6-5
2003 3 Nexa FCBox
Nexa HP
1200W 100 FCBox
Nexa
850W 250
YUASA 100w 300w
2003 DMFC 2002/1/18
2002
FC 1 100
"YFC-100" YUASA
YUASA
(DMFC) 100w 2002/11/26
300W 100W
()
11
2001 2 200w PEFC
300 400 2001 2002 BP
2001/6/29
2000 9 4
FC
0.8mm
mm
2001/9/5
FC
2001/9/6
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3-6-6

2001 8 10 FC
FC 2001/08/10
FC
2001/08/13
2003 2 nano tech 2003 NEC
7909 5 2004 1 2003/03/01
30
2003/3/11
NEC WPC EXPO | NEC
2003
50mW/cm?2
2004 2003/09/17
40
2005
DMFC
12W 20w 2004
825cc 275x 75x 40 mm 9009 2003/03/05
50cc 729
5 100cc 120g
10
2005
140cc 130
2003/10/03
25cc
20
2003 2 nano tech 2003
2005 100cc | 2003/03/11
8 10
2004
4
100 2002/03/06
20
DMFC
2003/08/12
IMB
DOFC
30%
PC 2004/01/26
PDA
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3-7

3-7-1
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3-7-1
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2 FC

a Ballard

&{ Ford H B;1I\Iard ]e'\_\ ______ >C]
[ ]&-[ DaimlerChrysler ]—%[j

b UTC Fuel Cells

. / Hydrogen Source |

UTC Fuel Cells K [ Shell Hydrogen ]

~ |
1
[ [ W BMV\\/:/ ]\{ United Technology ]

\‘/
pm.

o]

) S J

| Wk

[ UTC Fulel Cells J

13 1 22
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ExxonMobil

3-7-3
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3-7-2

a Ballard

Ballard Power Systems GPU International

Ballard Generarion
Systems

Alstom

Alstom Ballard

b GE/Plug Power/H Power

GE / GE Power

Mechanical Technology Inc. DTE Energy

Systems

GE Micro Southern California
. Plug Power
Generarion y Gas

GE Fuel Cell
Systems
Plug Power Advanced Energy
Holland
Gastec
2002 11
Energy Co- DQE Enterprises
Opportunity
Singapore
Hydro Quebec H Power Technologies
/
Sofinov Societe Financiere
d'Innovation
2001 9
3-7-4 1

13
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¢ UTC Fuel Cells

Corp.

United Technology

Shell Hydrogen US UTC Fuel Cells
50% 50% 49% 51%
HydrogenSource LLC
2001 5 2001 3 30
d IdaTech
IDACORP
\
IdaTech
e Avista
Avista Corp.
\
Avista Labs.
f Nuvera

Nuvera Fuel Cells

g Energy Partners

Energy Partners

Amerda Hess

3-7-5

NUI Corp.

13 1 22
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h MOSAIC

NiSource

\

Gas Technology Institute

v

Energy USA

ENDESCO

3-7-6

\

MOSAIC Energy
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13 1 22



3-7-3

3-7-7 3-7-8
2004 3
S g s
IZ' CST (%( EL A T REM
I MEA
> .
x> @ H= = Ni
—> DRT  SYSTEM  STY STG FCEV  ANA MKT
....... FCEV
— el . Allied Joh Matth
ie ohnson Matthe
echaicl = (GE Power Systerms) Sl B  Matthey
Technology | | Honeywell S STy el = :
EE Al | e | R —
* 2000.10 l (1999) *(1999)
DTE Energy GE Micro (1999) ———
(1997) Generation
I Honeywell [| Eﬁ Matthey £
Southern California Gas STK
(2002.4)
Power St | Anglo Platium
02.11)
; Johnson Matthe
= L Fuel Cells >
ue i/ _I
Cell Systems CSTCBK ELD MEA
[_IFC Shell - |
United Technolo ies Cor
Shell / @ [ un gies ~orp |
Shell Hydrogen ﬁ
UTC Fuel CeIIs
(UTC Power) ﬂ(_‘_ﬂ%
(50:50) (2001 3)
(2001.5) i IFC49 )
HydrogenSource @
RFMﬂ E;E
| |
Daimler
Chrvsler FCEV Ford FCEV
.............. V(907 9oV
¢ XCELLSiS costar Electric
‘(DBB fuel Drive Systems C@'
icell..engings). ... SYSTEM:: &

16.9

Ballard Power
TEXTRON Systems js];—'K]l

(2001.11)/

191

(1998)
( 51 Ballard49 )
[
MKT "STY

3-7-7
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2004 3
Hoechst ——x——b
Rhone-Poulenc (1993) || SGL Carbon i|
HH CBK
1 |
* (1999)
Aventis Celanese pyiva 1 |ﬁ|
S MBN, MEA
(2000.10)
(2000.10) Siemens H
Celanese = .
Axiva
Venture Q ( \
i Artt|1ur D
; Little
De NOI‘a il E-TEKAiI RFEM
ELD CSTCBK ELD #1998)
*(1999) | ZAT Y
De Nora Epyx
Fuel Cells H #2000_4) REM
Degussa-Huls j
Nuvera A
Fuel Cells M@'“ CST
STK_RF] (1999) _{
aneoj, @ISR
ooy ST GBKEFDMEA
Degussa-Huls j
&
ChevronTexacoﬂ
:Umicore
1
BP ﬂ CSTCBK ELD MEA
ExxonMobil IGM ExxonMobil
e GM lﬁ ............. FCEV
Shell ﬂ@ ECEV || (2001.1) FCEV
RFM \
Quantum FCEV
STG Opel Iﬁ
Hydrogenics ECEV ECEV
ANA 2001.10
. Giner .
Giner P ([Electrochemical
ST6 20015 ||Systems TG
3-7-8 2
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3-7-4

1SO IEC
3-7-9
ISO IEC
3-7-10
| IS0 | | IEC
1 1 1 1
LTc | Lc | | 1C | | T1c
1 1 1 1
Lsc | [we | Lsc | [we
! t
[we | lwG |
ISO IEC WTO/TBT
IEC 1SO
ISO  IEC
ISO/IEC TC sC
WG
ISO/IEC
WG
3-7-9
13 1 22
ISO [ ] IEC
ISO/TC22
sco ISO/TC197 IEC/TC69 IEC/TC105
sc21
| | | |
| JisC P
ISO/TC|22 |50/lc197 | |
/5C21 () IEC/TC69 IEC/TC105
()
JARI ENAA JARI JEMA
| | l JElMA
JARI ENAA JARI
105
JARI JARI

14

JEVA

15 7 1 JARI

3-7-10
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3-8

3-8-1

3-8-1
3-8-1
[
LP
LP 5
LP LP
LP
3-8-2
1
1
2
35 1MPa
9 10 WE-NET 7
WE-NET
11 3
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3-8-2
300ms
3-8-2
22 1 1
26 2
23
6
24 2
1
2
WE-NET 7
11 3
3
3-8-3
3-8-3 10
3-8-3
35 70 350
Nm3 1,000 2,000 10,000
35 7 35
100 200 1,000
4
m m3 kg
3-8-4
20
300 1 20,000

138




1,000m?2

3-8-1
3-8-4
X ms3 kg/
0 x 10000 | 10000 x 52500 | 52500 x 990000
m | 12J2=16.97 235\/x+1oooo 30
m 8J/2=1131 235«/x+ 10000 30
WE-NET 7
11 3
o REEWT 0 A A A w-REEmT
At ¥ il | (p=u=) | WEmEL | gp. ooy
W— S L
i B RS ®
ol A
fhen 11
ok TR S N i
B - W Bm L1 RIEY 1R
A3 2 T ‘}mi‘ AN 100
]k - Sl CEATTER T T |
. ol
WErE (frE e ) S E
(N Rl 2m e 7100 LA
L L I
I A TOOOV 11 F-+-2m I |
—H 0 R PNV (3 e 1|
3-8-1
WE-NET 7

139




CNG LPG LNG
3-8-5
CNG
LPG
LNG
1 LNG LPG 100m3
CNG
2 CNG LPG LNG
CNG LPG
3-8-6 CNG
9 10
CNG
3-8-6
CNG Nm? 350 700 3,500
LNG 35 7 35
LPG 35 7 35
. 500 1,000 5,000
(50,000) (50,000) (50,000)
3-8-7
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3-8-7

SS
4
50kW
50kW
6
LP 6
6
3-8-3
70Nm3 6.3kg FCv2 3
10 700 Nm3 FCv20
30
4 5 2,800 3,500 Nms
3 1 8
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100

3-8-8 3-8-9
3-8-8
5
M85
3-8-9
M85
M100
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3-8-3

1
1
2 FCV
FCV
12 3
3
1
FCV
FCV
56
3-8-10
56
WE-NET 7
11 3
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2000 2 8

2001

FCX-V3 2002

FC-EV DaimlerChrysler

FCV
FCV

6 FCHV-4

3 FCX-V4

Necar5

FCV

2001

7

2002 FCHV Honda FCX
11 JHFC
DaimlerChrysler GM MOVE FCV-K-
FCV 3-8-11
3-8-11 FCV
FC-EV 2001 2 8
Necar5 DaimlerChrysler
FCHV-4 2001 6
FCX-V3 2001 7
FCX-V4 2002 3
FCHV-BUS2 / 2002 9
FCHV 2002 11
Honda FCX
X-TRAIL FCV 2002 11
MOVE FCV-K- 2003 1
F-Cell DaimlerChrysler 2003 3
Hydrogen 3 GM
R-FCV 2003 10
MR -FCvV
MITSUBISHI
FCV
CNG 3-8-12 4
5 2
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CNG

145

2 11 7 12
CNG 488
3-8-12 CNG
4
2
12
488
3
35
1MPa
CNG
CNG CNG
35 1MPa
CNG



3-8-4

FC
3-8-13
2004 2
27 2004 3
3-8-13 FC
3m
3-8-5
2002 4 26
FCV
2002 2005
2002 5
2002 10
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2002

2002
2004 2
FCV
2002 12
2
20
2005
12
3-8-14 3-8-17

2002 10

2002 12
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14"

3-8-14

No.

2002

2003

2004

NEDO
JARI
JRCM

RN

2003.12.2

2004.3

2004.6

2004.12

12




67T

3-8-15 2
No. 2002 2003 2004
2004.6 200412
- S—
9 NEDO
JARI
JRCM 2004.6 2004.12
- - S—
10
—
1 NEDO
JARI
2003.12
——
12
NEDO
JARI
13 2004.6 2004.12
- - S
1 2004.6 2004.12
PEC
15 2004.6 2004.12
> - S
16 ————

12




04T

3-8-16 3
No. 2002 2003 2004
17 NEDO 2004.6 2004.12
> - S -
18 2004.6 2004.12
NEDO > - S
PEC
2004.6 2004.12
- - E— -
19
e
20 PEC
—
21
2004.3
"= ______________________________ =
22 NEDO
JARI
- 3
23
NEDO PEC
24 NEDO JEMA

12




TGT

3-8-17 4
No. 2002 2003 2004
20043
-—

25 NEDO JEMA 2004.2.27

—————— - -
26

——
27 2003

- —————
28

12




2003 1 2,658

3-9-1 20 30
96
70
35 33
22
[o | Y
9
—1
18,233 38,258
(1.4%) 87,043 o) 79343
14,522 (6.9%) (3.0%) (6.3%)
(9.0%) :
201,570
(15.9%)
726,842
(57.4%)
3-9-1 2003

QOil and Gas Journal 2003
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DOE EIA Energy Information Administration

3-9-2 3
OPEC
reference case 2003 2005
2010 24 ,2025 27
2002
AEO2003
2003 16 2025

2010 33
2025 35

Figure 43. World oil prices in three cases, 1970-2025
(2N 2 dollars per barrel)

i - SL7E
A -
o = (icamed ol
40 - s
High price
A HRefprenee
A Low priee
=
- Hiséory Projecions
IGF0 TA8T T960 a2 XI5 25

3-9-2
DOE EIA Annual Energy Outlook2004 2004.1

DOE EIA Annual Energy Outlook2004 AEO02004 2004.1
3-9-2 2025 52
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3-9-3 2002 155
60

1,000
1.6 12

7.18

3-9-3 2002 1 m?

CO2
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4-1-1
2001 8 13

4-1-1 412 413
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0.1 0.2S/cm

20 50u m )
-40
80 50 3 6
4
80 120 150
5 15 / 3 5 /
02 0.4g/KW
2 4g/kw (
CO 10ppm |CO 10 50ppm CcO
4 8 kW 400 800 /kW
500 /
/
MEA
MEA
2X10°S/cm
2g/cm®
1 5mm 1mm
4 / 100 200 7/
5 GTL
3 6 /10
80% 30L/
40 150L/ 83% LHV
[ 25
2001 1,000 /kw
4
LP 10 30L/kW
87 HHV
[ 1
5 30 CcO
2 /KW
2001 8 8
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4-1-2

25MPa 35MPa 70MPa
10wt%
FCEV
2 5% 1%/
( 0.1%/
4K
1 3wth 5.5wt%
100 5,000 10%
1 5
7 10wth (5.5wt%)
20wt% 5.5wt%
90%
60%
90%
90% 1A/c 2 3A/c
10
0.25 0.6 1.0
70%
55 70%
50%
5 10%
(Gas to Liquid) 60 65%
60 65%
65 70%
( LP
2001 8 8
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4-1-3 FC
2003 2004
2010
65 LHV 55 HHV
25 D
1.3kW L
5,000 1 2
3 6 10
4,000 kW
30L
83 LHV 92 HHV
25 2)
1,000 kW
5,000 kw
3 60 LHV 51 HHV
48 LHV 45 HHV
500k
2010 okg
2003 2004
2010
55
80,000 kW
87 HHV
20,000 kW
40 HHV
80 HHV
150L kW
40,000 4
30
15 kW
3~-5
2001 8 8
1)
2) =
3) tank to wheel
2
4 12 10 3650 43,800 10
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4-1-2
4-1-1

—
—> — ——> —>
—
. {
—> —p —>
\ < /
4-1-1
FC 4-1-2 Ballard
Mark 902 1.13kW
Ballard FC Honda FCX
1,680kg
2001 10 Mark 902 2.2kW

160
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805x 375x 250 mm
96 kg
75

80
1 2bar
1 2bar

85 kW
300 A
284 V
1.13 KW/
0.89 kW/kg

Mark 902

4-1-2 Ballard Power Systems FC
Ballard Power Systems

FC
FC
ICEV $50 kW

$30 kw

5,000 kw kw

4-1-3

4,000

kw FC

DOE

4-1-5

FC
FC
$300 kw
2010
Ballard
4-1-6

4-1-4

$2,000 3,000

4-1-5 DOE

161

FC

$45 kW

FreedomCAR

$50 kw

FreedomCAR

50
$200 kW
4-1-4

$45 kW



DOE

4-1-4
2005 2010
@25 59 60 60
@ 50 50 50
W/L 400 500 650
W/L 150 220
W/kg 400 500 650
Wi/kg 250 325
$/kW 200 125 45
10 -90 3 2 1
-20 120 60 30
20 60 30 15
survivability -20 -30 -40
Zero Zero Zero
1,000 4,000 5,000
50
DOE FY2002 Progress Report for Hydrogen, Fuel Cells, and Infrastructure Technologies
Program 2002 11
4-1-5 DOE
2005 2010
@25 34 40 45
@ 31 33 35
W/L 140 250 325
Wi/kg 140 250 325
* $/kW 300 125 45
10 -90 15 5 1
-20 2 1
20 <10 <1 <0.5
survivability -30 -40
<Tier2 Bin2|<Tier2 Bin2|<Tier2 Bin2
1,000 2,000 5,000
Tier2 Bin2 ULEV

50

DOE FY2002 Progress Report for Hydrogen, Fuel Cells, and Infrastructure Technologies

Program 2002 11
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4-1-6 Ballard Power Systems FC

ICEV
40
1,500 5,000 light duty
5,000 20,000 heavy duty
40,000

$100 1,500 kW

$45 kW FreedomCAR

FC
20,000

2002

4-1-8

5,000 10,000
40,000 4-1-7
FCV
10
10
4-1-7 FC
5,000
3 6 10
12
40,000
FCHV Honda FCX 0
FC
2004 Honda FC STACK
FCX 2005
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4-1-8

1 2

1999 9 2001 2 2003 10
kW 30 35 50
L ft3 67 2.4 48 1.7 35 1.2
kg Ib 101 223 78 172 48 106
80 80 95

Separate seals Plaster-sealing and | Rubber seals unitized

separate seals with separators

FEBRUARY 2004 Automotive Engineering International aei

FC
95
20 95
4-1-3
2 2
FC
1.2
%0.8 r
E 0.6
E= 2
= 04 /
202
S
0
0 0.5 1 15 2
Output with Volumetric density ( kW/L )
4-1-3 FC 4-1-8
JARI 16 1
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4-1-3

4-1-4
2 1
1 0.6 1.0V 300V
300 500
2 MEA
B TRE T
Mo =T le=p
A
- R
4-1-4
1
1
4-1-9 1970
1980 PEFC
4-1-9
® DuPont
®
®
GORE-SELECT® W.L.GORE
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DMFC

4-1-5

4-1-5

4-1-10 ®
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OH

4-1-10
Stonehart
PTFE
GORE-SELECT® W.L.GORE and J.G.I.
Princeton University
2000.2
2003
SPN
20 40 m
2001 JEVA 20p m
nm g m m2 g
130 20
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250 m

4-1-10
PTFE
PTFE
Gore-Select® 15 40p m
4-1-17 NEDO
PTFE
PTFE PTFE
FC 80 FC
CcO
80 120

2 FC
130 CcoO

FC 80 0.5

100 1
120 2 80
4 5kg cmz2 PEM
120 DuPont
100ppm CcoO 120
®
3M
Clemson University
100 Princeton University
4-1-10
2001 JEVA FCV
120 2001 JEVA FCV
120 1

2002 NEF FC
2002 NEF FC
2001 JEVA
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Celanese 200 PBI MEA
2002 9

® SPN
100
2000 JEVA
W.L.Gore 130 150 PEM
2001
NEDO
120
MEA MEA
DuPont ® 1 $500 $900
4-1-11 5kw
$100 kW $180 kW
15
16 3 2003 NEF FC
PBO
2000 JEVA
NEDO 22 PEFC 2002 9 19
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4-1-11 Nafion®

1998 1
US$/
N-117 NF-115 NF-1135 NF-112 NE-105 NE-1035
100 $900 $800 $750 $550 $950 $900
100 1000 $850 $750 $680 $500 $900 $850
1001 5000 $800 $700 $620 $450 $820 $780
DuPont
DuPont Fayetteville
2001 ®
200 300
$30 4-1-12
4-1-12 DuPont 2000
$500 $900
200 300 $30 FCV 50kW
FCv 20 30 5kW
5 15
2010 3 5 4-1-1
7
1995 4-1-13
a Ballard
Power Systems BAM®
4-1-6
Ballard ®
4-1-7 Victrex
2002 5 BAM®
2002 JEVA FCV
2000 12 No.555 2001 JEVA FCV
12 13 3
2002 JEVA
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4-1-13

—GL:FE F%—(—CF;:--CF CFz {iF—)—
m ! 1l p
oF3

504H

4-1-6  BAM® lonomer

vl

1.00
BAM

Nafion

0.3

0 [mA/cm?] 1400

4-1-7 BAM® Nafion® -

PBI
Celanese Plug Power
PBI 4-1-13
NEDO
2004 3 MEA 4,000

Honda FC STACK
20 95

http://'www.ebara.co.jp/news/news20020522.html
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4-1-13

FEP

DVB

PSI

ETFE

ETFE

IMRA Materials R&D
PSI

SSS AAc

“BAM®”

Ballard Power Systems Inc,

PBI

Case Western Univ.

PBI

PBI

CO

Celanese
Plug Power

Hoechst Aventis

PEFC

PEFC

PEFC

12

FC
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2000.2

MEA

13 3



2 49 kwW 2010 10
1
Johnson Matthey
FCV PEFC 75kWe
60 120g 2010 25¢g
4-1-8
[o/ 1]
A
120
100 \
80 Pt
60
40
Rh —
20 =
Pd
2000 2010 >
4-1-8 Johnson Matthey FCV
2003 JARI
10 1 0.2g kw
1999
2003 JARI
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DOE 2003

3M Ballard
CO
PEFC
CcO
(6{0]
1 1
CcoO
(6{0)] 10ppm
FC
PtFe PtNi PtCo PtMo
100ppm
CO
C.Gouerec PtMo

100ppm CO

2003

2001

2002

NEF FC
CO
CO CO:
0.5 5
JEVA FCV
Sputtering evaporation
NEF FC

174

5 10

CO
Pt/M00O2/C

INRS
AlH3, MgH:2

CcO Cco

(6{0)

Sputtering deposition



4-1-14
1kg 10kg 1g
1,000 1/5
4-1-14
1kg 10kg 600 1,000 g
120 200 g
2001 JEVA FCV
FCVv
98
2 3 FCV
6 FCV
FCV 7,000
FCVv FCV
2001 JEVA FCV 2003
2001 JEVA FCV
2002 NEF FC
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Johnson Matthey FCV
4-1-9

FCV

250

200 ***************************************ji:::flﬁ";i

<-————><—-——9<—-——-><--——*—‘—*—--*__——x-———->@————><—————>
0 | | | I | . . ) )
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
— o m.-
— A - e —
4-1-9

Johnson Matthey HP

.
4-1-10 1995 1999
$11 $14 g 2001
2001 2002 2003 9 $23
4-1-11 2001
2004
2003 JARI

176



$/9
240

S -

1995 1996 1997 1998 1999 2000 2001 2002 2003

4-1-10 1995 2003 9

$/9

Johnson Matthey HP  Platinum 2003 Interim Review
1 =  31.1035g

Johnson Matthey

2000 2001 2002 2003 2004

4-1-11 2000 2004 2

Johnson Matthey HP
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GDL

4-1-15
4-1-12
2002
Ballard BMP Ballard Material Products
GDL AvCarb Grade-P50T
GDL
5,000
5kwW
5,000[ ] 5[kw 1x 2 2,000 [ kW] 17[$ kW]
2010 500
4-1-1
4-1-15
TGP-H-060 TGP-H-090
mm 0.19 0.28
g/cm3 0.45 0.45
% 78 78
mmag/mm 27 30
14cm/sec
Qcm 0.08 0.08
0.005 0.005
cal/cm sec 4% 107 4x 107
kgf/cm2 400 400
MPa 39.2 39.2
kgf/cm2 1.0x 10° 1.0x 10°
MPa 9800 9800
160 p m
70 g/m?2
85 MPa
1500 ml/hr cm?2 mmAq
4.3 mQ cm?
50 100 200 m
300 800 mm

FC PYROFIL™ MGF-070

2002 JEVA FCV
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MEA

MEA 4-1-13
2 2
MEA
4-1-16 MEA
W.L.Gore 4-1-17 MEA
Primea® Primea® 4-1-14 2000
JEVA Primea®
0.1 mg cm?
1,000 10,000 6,000
O
| T
MEA
4-1-13 MEA

11 3

2000 JEVA
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4-1-16

Decal Los Aramos National Laboratory
PTFE
MEA 2
S. Chalk et. al.
1999.5
4-1-17
GORE-TEX®
GORE-SELECT® | GORE-TEX®
MEA PRIMEA® GORE-SELECT®
CARBEL
CARBEL-CFP®
CARBEL-CL® CARBEL-CFP®
MEA
1999 11 17
PEM Gore-Select
Carbel
4-1-14 Primea®
W.L.Gore
3-3-16 MEA
Gore 3M Johnson Matthey
dmc2 MEA 3M 5 GDL GDL
7 5 MEA
9 MEA Unitized Cell Assembly UCA
DuPont 3 5 7 MEA Johnson
Matthey 5 7 MEA MEA
2003 JARI
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MEA

NEDO
MEA
FC
2010 100 200 4-1-1
4-1-18
0.4mm 0.2mm
0.1mm

NEDO 15 3

2001 JEVA FCV
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30

4-1-18
SGL-Carbon 2001 2001 JEVA
5 3
2001 JEVA FCV
NEDO
12 14
2002 5 2001 8
5,000 2001 JEVA FCV
7,000
NEDO NEDO 22
2002 9 19
NEDO NEDO 22
2002 9 19
NEDO NEDO 22
PVDF 2002 9 19
NEDO NEDO 22
2002 9 19
Intelligent SS316 0.3mm 2002 NEF FC
Energy Microponent SS
Microponent INEOS Chlor PEM
coat
GTI DOE 10 kw 2002 NEF FC
DuPont 2002 2002 NEF FC
2mm 1.8gm cc
NEDO

NEDO
Intelligent Energy
GTIl Gas Technology Institute

2003 10

2002 NEF FC
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Honda FC STACK

NEDO
4-1-15
1 MEA 2
4-1-15
4-1-4
1
(o{0) (o{0) CcoO CcoO
1
4-1-16 4-1-19
CHa
X 044 0

2001 JEVA FCV
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CaHiOp .CH,
HZ COZ NZ X:0
> > A H =+61 kcal/gmol CH,
> X=0.44
AH=0
C,HnOp+X0,+(2n-2x-p)H,0()=nCO,+(2n-2x-p+m/2)H, X=2
A H=NA Heop(2n-2X-P)A Hio=A Hue A H = -192 keal/gmol CH,
4-1-16
4-1-19
CnHmOp+ (2n p)H20 AH
. AH O
Steam Reforming - nCOz+(2n p m/2) Hs
CiHmOp+ (n p/2)02 AH
Partial Oxidation - 2nCO; + (M/2) H2 AHO
ChHmOp + XxO2+ (2n 2x p)H.0 AH
A H=
ATR - nCO2+(2n 2x p m/2)Ha

2002 NEF FC

4-1-17

184




H0()=2 H,=4 H,0()=1.12
NeloXs] —>
> CO,~1 CH,=1 H,=3.11
CH,=1.32] 013 ) Iy Air > CO1
| Ty H.0()=063 | 0,=044 N,=1.66
Air C0,=0.32 N,=1.66
02=0.63 N2 237
N,=2.37
H,/CH,=4/1.32=3.03 H,/CH,=3.11/1.0=3.11
n =917 n =939
4-1-17
2001 6 UTC-FC  Shell HydrogenSource HYS
CPO Catalytic Partial Oxidation
Vegab 2004
4-1-20 CPO
FT
HYS
83 LHV 80 LHV CPO
APU
2002 JEVA FCV
2003 JARI
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4-1-20 HydrogenSource

150 kWe PEM

5 kWe
PureCell200
CPO Shell

50 kWe
APU
APU ICE
2003 JARI
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4-1-21
4-1-21
[Pt Ru]
[Cu/zn] [Fe Cir]
[Cu/zn] FC on-off
[Pt Ru Rh]
CO CO [Pt Ru] [Pt-Ru]
2001 JEVA FCV
14
5
2
CHF
FC FCV
4-1-22 FC
CcoO
CcO CcO CcO
CcoO

2001 JEVA FCV
2002 JEVA FCV
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FCV ICEV
ICEV
4-1-22
CO
PEFC
2
DOE 4-1-23 DOE
2010 2004 6
4-1-23 DOE
2003 2004
10% <90 60 <5 <1
<600 90% <60 10% <2
90% <30
50kWe — <2MJ <2MJ
78 78 >80
700 W/L 700 W/L 2,000 W/L
2,000 2,000 5,000
> 50 > 20,000
— 30 ppm 30 ppm
< 50ppb < 10ppb
— 20 1 >50 1
$65/kWe — <$10/kWe

2002

JEVA FCV
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FCV

12 13 FCV
FC-EV DaimlerChrysler Necar5

2001 JEVA

FCV

FCV

FCV
FCV
2001 1 GM
Clean Hydrocarbon Fuel
GM FCV

GM  ExxonMobil 2002
FCV 2001 8 GM
S10
Argonne National Laboratory ANL DOE

2001 10 CHF FCV
FCHV-5
FCV
GM
FCV

2001 JEVA
2003 JARI
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DMFC

3-6
DMFC 4-1-18
PEFC
DMFC
CO
CoO 2
[i11
i
L I: -IIII i i
— -
e, (BT S
i § o — il UL e
Wisladd £ 011
T i
L LILAR
5, all- = |
=1 f.OH+H,0 R R
(L} (338 BE R ] H
4-1-18 DMFC
1999.5
DaimlerChrysler 2000 11
DaimlerChrysler Innovation Symposium Ballard Power Systems
4-1-19
3kw 500W DMFC
22 35.4km/h 1 9
10wt%
Tank-to-Wheel 40%
DMFC FC06 2003 10
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4-1-20
DMFC
500W

64kg 70 80kg

4-1-19 DaimlerChrysler DMFC

4-1-20 FCO06
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4-1-5

FCV

FC

DOE FCV

DOE JEVA

4-1-21

Piston Seroll Toroidal Twin Screw Turbine
Heavy, Large Heawy. large Immature, friction Inafficient Poor turn-down
4-1-21 DOE
2000 JEVA
2
FC

EC FC PEM

2000 JEVA

ICEV FCV
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4-1-22

FC

Max

COo

4-1-22 FCV
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4-1-6

4-1-24

4-1-24

2.016

252.8

259.1

0.0695

12.759

259.9

70.8kg/m?

20 1

0.083764 kg/m3

20 1

1.897mW/cm K

445.59kJ/kg

HHV

141.86MJ/kg

0.634cmz2/s

194

1999.5

4-1-25



4-1-25

1 4 15

2.8

4-1-26
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961

4-1-26

10 20MPa 10MPa
-253 300 100 200 200 400 300
FRP
20 70MPa 10Nm®
10Nm? 3200Nm? LaNis NaAlH,
15 20MPa AlH, NaH
2,800Nm° 1/1000 NaBH, -
0.03
1 3MPa 2000Nm® 0.INm® 0.INm® |-
25,000Nm* .
1)
0.163k h/Nm* 0.3k h/Nm®* [0.37k h/Nm™ 0.43k h/Nm* 0.94k h/Nm® 0.85k h/Nm™

NaAlH4  NaH

«Q DO O 0O T D

2002

0.25 1.2
0.5k h/Nm® 2.0k h/Nm®
95 10 3 10 10 WENET
1 35MPa 15 3
4 6
30kJ/molH2

NEF FC




FCV 5kg
4-1-27 5kg
4-1-27 5kg
m n
kg L kg kg
a 14 20 4 18 21
a 30 38 6 36 42
b 70 90 76 81 95
NaBH,° 71 68 77 82 72
NaAIH, 89 71 104 109 89
e 5 320 400 405 390
f 5 214 113 118 273
9 5 214 54 59 250
h 5 214 39 44 278
i 5 71 20 25 96
MH 1wt ' 505 73 600 605 228
MH 3wt 172 33 197 202 9%
a 5kg
b 11kg 65kg
c NaBH, 35 50kg
d NaAlH, - NaH+AI+3/2H, NaAIH, 80
e 47L 20MPa 1.3wt
f 33L 35MPa 4.2wt
g 126L 35MPa 8.5wt
h 144L 35MPa 11.3wt
i 20wt
j MH 500kg 150kg
k MH 167kg Al 30kg
| +
m
n
2002 JEVA FCV
3 Fcv
8 FCVv
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35MPa FCHV FCX

FC 300 350km
50 70MPa
CNG FCV Type3 Type4d
Type3
Dynetek SClI
Type4
Lincoln Quantum
Dynetek Type3 DaimlerChrysler FC MAN
2 Ford FCV
70MPa 2002 7
GM Quantum 70MPa
70MPa

Hydrogen P700

70MPa
5 %
100
Ca Mg Ti Pt Pd
2 2
3 4
JEF 50MPa 2001
JEVA FCV
3-2-6 4
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4-1-28

4-1-28
LiH 12.7
MgH: 7.6
LaNisHs.o 1.4
Ti0.9Z2r0.1Mn1.4V0.2Cro.4H3.2 3.0
2.3 BCC Ti-V-Cr
2.8
RF Mg
300
0.6% 100
Pd 4 Mg 3
100 5 %
3
NKK JEF
4-1-23 5kg
134L 4-1-27
35MPa
2001 JEVA FCV
2002 JEVA FCV
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Pd

161kg



INA T Uy FARRRESS

HUCrERA. FRCER

j RMEXRES S KRBBRERITLS

ANk EREOSE -
ERBSSEH SENTFRYNMOEFBFMRICEST
DS FENRL
FIRSICAinp e EERNCLENCLEN D RkERR
ACFRPEE
]
METR R AREEES S
4-1-23
2002 JEVA FCV
1997 A.C.Dillon 5 10
1999 C.Liu
50 4.2
a -CNTs
CNTs
a -CNTs
4-1-24
CNTs 5wt% 10wt%
0.1wt% 0.5wt%
a -CNTs 10MPa 3wt%
1 3wt%
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FERTrICKT

AmMIET T UM

4-1-24 o -CNTs

Millennium Cell

DaimlerChrysler

NaBH4
FCV Town&Country Natrium

NaBHs+ aq 2H20 - 4H: NaBO:2 aq 300 kJ

NaOH 5 NaBHs 35
NaBO:2
NaBO:2
Powerball NaH NaOH
Herbst Si  SiO2 Graz Fe FeO2
C.M.Jensen NaAlH4
13 1 30
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4-1-25 90 125
80 125
i L |
”‘I HH Hn MENE II|1 M,
! * el | " +
oW Rl
P Je B L - S
.. ] £EREE LT TR WA T T T T T T ¥
Aclncgd | kBgly | BREE RS
AR mHEE mEpn EeRE ADHE
BEE | PR | MEE | ERH ey s | iy _
whonkds | O GHy | ateply | GHy  paoe| HS B2 |30 @A MEE
HRATE | O (TR GiHy  BiTgl W& 108 |,n.|
T il Guthy | 778 Cutle | TIN| 683 Wi |0
- Gl ML |wcooDe Exk| 183 i | azE 11—
_EEETEIOG | LN BAREUTTA | oLoW  FTe mad mEs -840 R masn
AEiEbLeth| Cary | MMGEAGMIL | Caldh f1m 1 g —SER :
4-1-25
13 1
CO2
12

13
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4-1-7

FCV
FCV
FCV
FCV
1
FCHV Ev
DaimlerChrysler F-Cell
Ford Focus FCV
1997 HEV
2001 Ford 2003 HEV
X-TRAIL FCV 2003
15
FCV HEV
FCV
HEV 2002 4-1-29
4-1-29 HEV HR-DP
HR-DP 2002
6.0Ah
1.2V
@ 32.3x H58.5mm
1809
10
SOC50% 25 0.9V 185w
10
SOC50% 25 1.6V 150w
10
SOC50% 25 0.9V 1,030W/kg
0.9 1.6V
-30 +50

2002 JEVA FCV
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10 15
FCV
FCV HEV
1,500W kg
FC
2002 JEVA FCV

HEV

Honda FCX

204

15



4-1-8 FCV

2002 FCHV Honda FCX

Honda FC STACK FCX 2005

2002 JEVA FCV
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4-2

ExxonMobil
2001 1

FCV

FCHV
FCV

DaimlerChrysler Ford FCV

4-2-1
FCVv
FCVv
DaimlerChrysler FCV
2000 8 General Motors GM
GM GM
Clean Hydrocarbon Fuel CHF
FCVv
GM
FCV FCV
FCV
2002 12
FCX 2003
4-2-1
FCV
FCVv
CHF
2004 6
30
12
JEVA FCV

206

4-2-1

FCV
DOE
2010

13 3 2000



GM
FCV

4-2-1 FCV

FCV

FCV

CHF
CO2

CHF
HEV

FCV

FCV

CO2

FCV

FCV

4-2-2

FCV

FCV
FCV

FCV

2002
2003

NEF FC
JARI
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4-2-2 FCV

FC
Tank-to-Wheel Well-to-Tank
CO2
CO2
GTL
Well-to-Tank
GTL

208




4-2-2
1 FCV
WE-NET 4-2-1
WE-NET

¢
D

LNG LNG

4-2-1
WE-NET
11 3
2
4-2-3
3
WE-NET 7
4-2-4
WE-NET 7

11 3

209
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4-2-3

13A
LPG
300
15 2
GS
1
39 “ " 1999.11.25 26
4-2-4
PEM
~ 300Nméh | 300Nm3%h | 300Nm¥%h [ 300Nm3h |
co 61 61
47 47
94 94
43 43 43 43
40 40 30 30
15 15 25 15
20 20 25 20
226 226 217 202
1
300kwW
Norsk Hydro Electrolyser
2
300Nm3  1.89
49 379(1985)
WE-NET 7
11 3
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4 WE-NET

WE-NET 7
11 4-2-5 WE-NET
2
FCV FCV
14 2
14mx 46m
14 2
18mx 25m
15
4-2-5
DC1600Ax 100V
1000cmz 50
90%
@1.0A/cm?2
30NmM3/h 20NmM3/h at 1.0A/cm?2
30NmM3/h at 1.5A/cm?2
PSA Pd TSA
PSA 71%
99.99 99.99
60NmMs3x 2 30Nm3x 2
90NmMS3x 2
80 x8 250 x 3
MH 1MPa MH 1MPa
CH 25 35MPa CH 25 35MPa
10 10
MH 25Nm3/ MH 25Nm3/
CH 150 CH 150
WE-NET 7
13
PSA PSA X x100
PSA x PSA

211




4-2-2

4-2-3
¢ |
Q ?
o >
13A N
4-2-2
12 13 3 7
4-2-3
12 13 3 7
3-8
4-2-3
2,000
4-2-6  4-2-4
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4-2-6

213

10kl 260
180
4kl 160
360
1,000
1,960
11 JEVA
0= 5
IR YT
! I," Folouw
1'? I T l_l ‘ [T
T_ .-:-":| —Et gk NTL O TTEA YOI k
FRICH £
u:!-u- - Hh. - "E',"i" " s
I_Jj_ S . o
IIII A N |
— i yERE LAz
e NRPSE = P Y- X LT
— 4-2-4
4-2-7
4-2-5 4-2-8
4-2-7
630
530
300NmM3/h 2,420
1,040
890
260
280
370
420
4,500
11,340
11 JEVA


nogino
取り消し線

nogino
取り消し線
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L EAER L

Ll = L

AR Lt

4-2-5

4-2-8

14
15
11
11
15
21

25
43

47

56

56
310
1,130

LPG

32
250

350

10
16
21

31

36
41

45
222
430

10
14

48
100

H5

10
11
12
13

14
15

2000

LPG
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4-2-4
1 GTL Gas To Liquid

4-2-7 FC
GTL 4-2-10 4-2-11
GTL 2003 QP Shell  Sasol
14 3.4
+CO
FT
+CO
4-2-6 GTL
4-2-9 GTL
30 220
GTL
300ppm
1.2 15 70 76 40
2000 1 22
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4-2-10 GTL
/
Bintulu 125 15.0
Sabah
Shell 70.0
Ras Laffin 140.0
Shell/Pertamina 70.0
Mossgas Mossel 30.2
Secunda 105.0
Sasol Ras Laffin 34.0
Beira
Sasol/Chevron 30.0
Syntroleum Burrup Peninsula 10.0
15.0
PDVSA 500
North Field 100.0
E Mobil
xxonMobi North Slope 50.0
Rentech Commerce City 3.0
Rentech/BC Propd
Rentech/ Pertamina 15.0
Alaska Natural Gas
To Liquids Co. Prudhoe 50.0
Reema International 10.0
Forest Oil
HP http://eneken.ieej.or.jp 2001 11
5 GTL
$25 Synthetic Fuel Association Pacific 2
$22.5 $25.1
$0.5 MMBTU $20
$0.5 15
14
12 GTL
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2 DME

DME
DME LPG LPG
DME
DME LPG
DME
100,000 150,000
t 10,000 t DME 4-2-12
1997 2001
20
DME 1999
3,000m?2 5t 9 2000
3 3 2002 2005
100t
4 2001 6 DME
4,000 7,000t 2006
4-2-11 DME
138.5 24.9
DME
5 LPG
DME
34 27
LPG LPG
2000 1 22
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4-3 FCV

1
2010
FC 4-3-1
5,000 kw 30
15 kW
4-3-1 FC
2010 5,000 kw 5
210 kW 120
2010 30
15 kw
2001
8 8
2 DOE
DOE FreedomCAR FC
4-3-2 FreedomCAR
FC 2010 $45
kw 2015 $30 kW
4-3-2 DOE FC
FC 2010 $45 kwW
FreedomCAR 2015 $30 kw
2010 $1.25
2005 $3.0
2010 $2.1
3 EU FP6
EU FP6 FC 50
kW 300 kw
4 FCCJ
FCCJ FC 1kW 2015
30 16
FCCJ Ver.1 2003 3
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5 JEVA
JEVA

FCV

4-3-3 JEVA

FC
FCV

4-3-3

FCV

FCV

FCV

FC

30kW 40kw

25kW 15kW

55kwW

FC

4-3-4 FCV
2010 2
2003 2005
24,000

100,000

4-3-1
FCV

30,000 2010

90,000 [
80,000 [
70,000 R
60,000 [
50,000 [
40,000
30,000 [
20,000 [
10,000 [

0

(]

FCEV

2000

11
JEVA FCV

12 3 1999

2004 2006 2008 2010

4-3-1 FCV
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0ce

4-3-4 JEVA FCV
2000 | 2005 | 2010
FCEV FCEV WE-NET
FC30(40)kW 25(15)kW FC
55KW
FCEV 0.0 0.2 2.0
N 30kW 30kW 30kW
39,206 6,651 3,040
(kW) (1,307) (222) 101)
MEA $353kW | $124/kW $70/kW
3.5KW/ 4.4kW/ 5.5KW/
$440/ $340/ $263/ 250 /| $50/
$125.7/kW | $77.6/kW $47.9/kW
2g/kW 0.63g/kW 0.2g/kKW
$26/kW $8.2/kW $2.6/kW __ |$13/g
$25/kW $7/KW $2/kW
$177/kW | $31/KW $17/kW___[MEA 25
19/
$300/kW |  $42/kW SOIW | ed Signal
$653/kW_ | $55/kW $25/kW 25
2010 NEDO
$/ 5,000 2,739 1500 50 e 608/KW
$/ 12,000 12,000 12,000 |WE-NET
$/ 9,000 5612 3,500 [2010 WE-NET
$/ 4,000 4,000 4,000 |WE-NET
$/ 69,206 31,002 24,040
1999  JEVA FCV




6 ADL

1 FCV
Authur D. Little ADL DOE
FCV 4-3-5
FCV
4-3-5 FCV DOE/OTT
250km 500km
33 57
900" 3,000 900" 3,000
1,750 5,000" 1,750 5,000"
*x 2,700 8,000 2,700 8,000
900 1,500
1,750 5,000" 1,750" 5,000"
*x 2,650 5,900 3,250 6,500
2,300 3,600 4,600 7,200 TiCrV
1,750 5,000" 1,750 5,000"
fadd 4,000 8,600 6,400 12,200
50
ATR
* PNGV 50kw
*x Balance-of-Plant
2
4-3-6 ADL
ADL
4-3-6
$/GJ H2
$1.90 6¢ /kKWh
$6.47 $4/MMBTU
Oo&M $0.43 10
PSA O&M $0.38 10
O&M $0.03 Ogden, et al.
$3.40 3 $50,000
$3.88 15
$0.97 25
$17.14
FCV 2.3¢ /mile 91mpg
$6.92 $0.90/gallon  130MJ/ gallon
ICE 3.0¢ /mile 25
100 1 300
2000 JEVA
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FC

ADL FC
4-3-7
4-3-7 FC
2000 2001
[$/kW] [$/kW]
177 221 25
86 76 12
Balance-of-Plant 10 10 0 2000
21 17 19
294 324 10
50kWe 50
4-3-2 ADL
®
25 50 100kwW
kw
$200 $250 $300 $350 $400

250 400 mw/cm?

Nafion
50 150 $/m?

Pt
0.1 04 mg/cm?

Pt
13 20 $/q

4-3-2

2001 JEVA
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7 WE-NET

WE-NET FCvVv
4-3-8
INm3 40
4-3-8
Nm3-H2
PEM

17.6 17.6 16.9 15.7
2.9 2.9 2.9 2.9

14.1

27.6
4.9 4.4 54.5 48.8
0.4 0.3 0.5 0.5
39.9 52.8 74.8 67.9
39.3 Nm3 40.0 kg
WE-NET 7
11 3
4-3-3 15 km
200
1998 40
kg
53
WE-NET 7

11 3
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300Nm3/hr

11 3

4-3-10 FCV
4-3-11

WE-NET 7

245
15 km
15
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4-3-10

FCV
1,200 1,200
250
50
300 10 KWx 30 KW
200 8 KWx 25 kW
200
150 50kW
400 3 x 110kg 2.2kg
1,500 2,450
WE-NET 7
11 3
4-3-11
FCV
@ | 1,500 2,450
(b) 8 kml/l 8.11 km/Nmz | <V 3.125
(c) | 150,000 km | 150,000 km | 15,000 km  x 10
@ | 9 1 40  Nmd
) | 1,690 740 @d)x (c) (b)
3,190 3,190 @ (e)
WE-NET 7
11 3
4-3-12
SS 1SS
4-3-12 1SS
GTL
0 50 56,000 0
SS 0.9
1ss 0.2 0.1
0.8
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4-4

4-4-1 FCV
2002 12 FCV DaimlerChrysler
4-4-1
18 FCV 4-4-2
4-4-1 FCV 2003
2002 11 4
2002 5 5
DaimlerChrysler | 2003 1
Ford 2003
GM 2008 2010
2004 1
4-4-2 FCV 2002.12 2004.3
FCHV
120 / 5 2 4 11
FCX
80 / 3 2 5
X TRAIL FCV 1 1
100 /
FCELL
b/c 120 / 1 1
8 2 8 18

226



4-4-2
2004 3 11 12

2030 1,500 1,250 kw
3-4-1 6

4-4-3

2010 2020 2030
5 500 1,500
210 kw 1,000 kW 1,250 kW

12

4-4-3 JEVA
JEVA FCV
2 FCV 1

4-4-1 442
2010 1 8 2 5

160 2

5.0

40

20

0.0
2000 2005 2010 2015

4-4-1 FCV 1
JEVA 1999

1999 JEVA FCV
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60

50 r

30 r

20 r

2000

4-4-2

JEVA
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4-4-4 Johnson Matthey

4-4-3 Johnson Matthey FC
2005 2.5 130 kW 5 2.5
2011 400 500 kw 80 100 FCV
2005 1,000 5,000 2011 20 50
2002 2005 2011
kw kw kw
<1,000| 10 25 5,000 25,000 100,000 50,000
10,000 50,000 500,000 250,000
<1,000 | 1,000 500 100,000 10,000 2,000,000
6,000 7,000 | 1,400,000 100,000 20,000,000
<1,000 250 5,000 25,000 800,000 4,000,000
500 25,000 | 1,300,000 | 1,000,000 5,000,000
<1,000 750 1,000 75,000 200,000 15,000,000
3,700 5,000 375,000 500,000 37,500,000
- 5
MEA 2 MEA 2011
12,000
&0 63,000 cm?
400,000
4,000,000 cm?2
800,000
1,000,000 cm?
2,250,000 m?
FC Portable,
u smlun;ry Transportation
premaum
Johnson Matthey 2004 2007
4-4-3 Johnson Matthey FCV
4-4-5 Texaco
Texaco FCV
4-4-4 4-4-5 2010 FCV
70 15
2003 JARI
2000 JEVA
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4-4-4 Texaco FCV
2005 2010
7,500 150,000
40,000 700,000
4-4-5 Texaco FCV
2001 2005 FCV
2004 2005 FCV
2010 FCV
FCV
FCV
4-4-6 DuPont
MEA DuPont 4-4-4
35 45%
$ $/kW
$ 100
100 \\
\ 2000
\ 35 45 /
N\
e IR RS RS, Sttt SR ¥
30 : ~ 1000
~ ~ $ 20
H ~
s....,,h. .............................................
2 EE $3 _ - - -} 100
2000 2005 2010
]
/]
] ICE
4-4-4 DuPont
FC 4-4-5 $2,000 kW
2001 JEVA
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$500 kw $50 kW

10000 —4PEMFC

...........
. oo

1000

[$500]

[$2000] FC 2010
100 +— s

......

S/KW 1o

1 10 100 1000 10000
[G Watt]

4-4-5 DuPont FC

4-4-7 WE-NET
WE-NET FCV
2010 FCV 1 2
2 8 4-4-6
2020 FCV 15
60 4-4-7 4-4-8 700
15 2
FCV

[
14,000

12,000

10,000

8,000

6,000

4,000

2,000

0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 [ ]

4-4-6  WE-NET FCV

WE-NET 7
11 3
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v

4-4-9

4-4-10

500

2003

200

1%

4-4-6

2010
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4-4-6

2010 2020 2010 2020
2.7 29 27.4 28.4
54 53 57 59
7.400] 1,790,000/  16,600( 4,340,000
2006 03 617 0.1 153
0.1 338 0.0 74
3,200 9,500
2013 0.11 0.03
0.06 0.02
4700 14,000
2012 0.16 0.05
0.09 0.02
FCV 4-4-7
4-4-7
2010 2020 2030
10,000 8,000,000
12,000 | 670,000 | 5,000,000
1,480 | 615,000

11
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4-5

FCV

ICEV

FCV

DaimlerChrysler

FC

FCV
GM 2001

DOE

FCV

1

FC

FCV

Clean Hydrocarbon Fuel
FCV

FCV
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2 FCV

FCV FCVv
1
FC
2003 10
20
2
GM
ExxsonMobil HydrogenSource DOE Nuvera FC
ANL Co
DOE
2004
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22 2.8
35MPa 50MPa  70MPa
4 FCV
FCV
FC
FCV
2002 JHFC

10
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5 FCV

5-1
CO2
FCVv
ICEV
10 15
Well-to-Wheel
FCV ICEV
Well-to-Wheel CO2
Tank-to-Wheel
GREEN General Research for Energy Efficiency of New Technology
Vehicles

238



5-2

5-2-1
1
FCV 2005 2010
2
FCvV
3
A-Class
CNG Tank-to-Wheel ICEV Well-to-Tank
Well-to-Wheel CNG ICEV
5-2-1
1) ICEV TtW ICEV
WtT WtwW
CNG
2)
HEV
NiMH CNG THS
3 EV
4 FCV CH CH
LH LH
MH MH
5 CH
LH
FCHEV MH
NiMH
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EV

1,000kg
ICEV
Cd
5-2-2 5-2-3
Tank-to-Wheel 2 110kg
5-2-2
ICEV ICEHEV FCHEV
Gasoline Diesel Gasoline Diesel CH LH MH
5 - - - - - -
m hr 150 - - - - - -
" 100 - - - - - - 10 15
cd 03 - - - - - -
2 20 - - - - - -
u 0.01 - - - - - -
AT - - - - -
MPI CIDI MPI CIDI
cc 1500 1800 1200 1500
kw 72 63 60 50
PM - PM - -
kw 35 35 50 50 50
NiMH NiMH NiMH NiMH NiMH
kWh 1.872 1872 1872 1872 1872
kw 75 75 75
FCEV FP.FCHEV | FP.FCV v
CH LH MH gas., MeOH | gas., MeOH
5 - - - - -
m hr | 150 - - - - 100
m | 400 - - - - 30 1015
cd 0.3 - - - - -
2 1.98 - - - - .
u 0.01 - - - - -
cc
kw
PM - - - - -
kw 50 50 50 50 50 80
NiMH NiMH
kWh 1872 27.36
kw 75 75 75 75 75
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5-2-3

kg
Drive System ICEV ICEHEV FCHEV
Fuel type Gasoline Diesel Gasoline Diesel CH LH MH

Base weight |kg 1000 1000 1015 1015 1210 1170 1210
FCweight kg 0 0 0 0 75 75 75
Bat.weight kg 0 0 58.4308 62.4923 74 74 74
Mot.weight kg 0 0 66.074 66.074 141.602 141.602 141,602
Engine weight |kg 119.52 200.00 99.60 151.52 0 0 0
Total weight |kg 1119520 1200.000] 1239.105] 1295.081| 1500.602] 1460.602f 1500.602

Drive System FCV FP.FCHEV | FP.FCV EV

Fuel type CH LH MH gas., MeOH| gas., MeOH
Base weight  |kg 1210 1170 1210 1140 1140 975
FCweight kg 75 75 75 75 75 0
Bat.weight kg 0 0 0 74 0] 407.9369
Mot.weight kg 141.602 141.602 141,602 141.602 141.602 166.378
Engine weight |kg 0 0 0 0 0 0
Total weight |kg 1426.602| 1386.602| 1426.602] 1430.602| 1356.602] 1549.315
5-2-2
1 Tank-to-Wheel
Joule Joule
5-2-1 Axle Output
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Fuel

Engine <—Axis Output—p losses in
drive train

Axle Output

Kinetic Energy

\ v
E?S§ mn Vehicle work to move
ngine vehicle against Road
Load
5-2-1

Tank-to-Wheel

ICEV

Well-to-Wheel

GM
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2 HHV LHV
ISO SAE LHV
HHV
HHV
LHV HHV
3 Well-to-Tank
5-2-2
p g
f
\% kJ kg H L
Primary Fuel conversion Automotive
Resource +—J»  processes +—P» Fuel
p n f
5-2-2 Well-to-Tank
/7vg
g = Mo g
vg
fy-Vig
nv
n,=n -f9'vL9 = Mo
R IRV f-V;

243

p f
: Mechanical
Vehicles Output
’i Mo
Loss in
Engine
521
5.2.2



Mo

n, = Mo 5.2.3
f-V
Mo
vy 5.2.4
n. = 2.
p pr
\Y
f-Vi Mo Mo
ZW2W =11 = ) =
p-vV, f-Vi pV,
f.V f .V f .V 225
= f‘77\,g' 9 gzmg.u
p-V, f -V, p-V,
Well-to-Tank Tank-to-Wheel
FCV
5-2-3
Well-to-Wheel Well-to-Tank Tank-to-Wheel

Well-to-Tank

Tank-to-Wheel
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DOE ANL ADVISOR
GREET

Tank-to-Wheel GREEN General Research for Energy

Efficiency of New Technology Vehicles

Basic

Well-to-Wheel fuel path ADVISOR Matlab/simulink
Matlab

Excel Data file to
evaluate Well to Tank

Efficiency
External [_)ata Well to Tank /—
_ SourC(_a. » Efficiency by
being compiled by process, action
Litec Co.
Tank to Wheel Well to Wheel
Green: Efficiencies for Fuel/Vehicle Flow path
Dynmaic Vehicle / various vehicles and "] diagram by Simulink
Simulation model coditions block diagram

to evaluate
Tank to Wheel efficiency

Final Display to

show Well to Wheel

Efficiencies for ]
various Paths

5-2-3

Well-to-Tank efficiencies HHV/LHV

The Math Works,Inc. Simulink
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Tank-to-Wheel efficiencies

Energy path
Energy path

5-2-4 CO,
CO2

Well-to-Tank  Tank-to-Wheel

CO2

CO2
kJ km

CO2

CO2 g/d

1J CO2
J/km

CO2 g/km

km

CO2
CO2

Well-to-Tank

t-CO2 km
CO2

Cwi, Cwo ¢g/J

glJ x J/ikm

CO2

simulink
Tank-to-Wheel

5.2.6

km/J

5.2.7
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5-3 Tank-to-Wheel

5-3-1
1
PNGV
PNGV

2

PNGV newmix130 mode
5-3-1 5-3-1 PNGV
newmix130mode PNGV 70
5-3-1

PNGV target Sl unit new mix130
Peak acc 17.03 | ft/sec”2 5.192 m/sec2 3.5
5sec dist. 147 ft 42.67 m 34
0-60mph 12 sec 0-96.54kmh sec 20
0-80mph 23.4 sec 0-128.744 kmh sec 40
40-60mph 5.3 sec 64.372-96.54kmh sec 8
max speed 85 | mile/h 136.7905 km/h 130
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veh.acc.0-100km/h (12sec)
1.

0-50km/h (4sec)

<L

A,

top speed80-120km/h (15sec)

==
vehicle range(650km) ,A '
e

)
D
T
Max. Speed (180km/h) 'W‘;',

- GM Euro

——PNGV

—— NewMix 130

A

]|
“‘QA //"
Grad. At 90km/h 20m

max. Gradeability (30) max. accelm/s"2 (4.5)
5-3-1 NewMi PNGV
5-3-2
10 15
1
km/h

140

120 *‘ \
100

BYE ™

40

20

) \ I \
60
200 40

0 600 800 1000 1200 1400 1600

0
5-3-2
PNGV PNGVspecmode
newmix
PNGV 70kwW newmix130 60kwW
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95kwW

10
5-3-3 FCHEV
10
FCV 10
180km/h
FCHEV opt. by NEDC batmcap=10Ah

G 4

% 4 =

: , | &

. | N}—h—i—*—l- ¥ 1 4a B
E . E: ] 1|I Ifl J 41 |-= redgratio
51;374 ‘:'5 | \;i} 40 —+-FE
3 ’g\ A X

5 '.,!. I R T T e— - ——

2 - - ] ar

i i s

N5 - e« JERL NS ot i o T - L R
5-3-3
PNGV 72kW
HEV 60kW 4.32
newmix130
130km/h
170
190km/h
newmix130
newmix130 PNGV ICEV 5-3-4
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5-3-5 PNGV 5-3-5
newmix130
ICEV

engine rot-togrue newMix130

140

120

100

80 |

40

R ]

1000 2000 3000 4000 5000

-20

6000

rpm

5-3-4 newmix130

engine r-torq PNGV

140

120

100

7\

80 2

40

20

1000 2000 3000 4000 5000

-20

6000

70

pm

5-3-5 PNGV
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FCV2008 5-3-6 5-3-7
newmix130 PNGV PNGV
7

FCV motor rot-T for newMix130

D
sl
>

500
400 -
360
£ —
T
=z
200 —
100, F.ﬂ n ™
10 N ,)
-500 500 00 1500 2000 2500 3000 3500
-100
rpm
5-3-6 newmix130
FCV motor rot-T for PNGV
600
400
300
£ p—
T
2 NGV e
200 - ]
10 f
-500 500 00 1500 2000 2500 3000 3500

rpm

5-3-7 PNGV
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DaimlerChrysler D/C ANL

ICE

10

LA#4 FUDS Federal Urban Driving Schedule

15
USHW US Highway mode GM
60 40
UC Davis
uUso6
LA#4
5-3-8

15 1

SFTP-US06 SFTP Supplemental Federal Test Procedure
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4

5-3-9

ICEV

TOKYO

New European Driving Cycle

ECE15

50

ICEHEV FCV FCHEV

10 15 FUDS NEDC

100

FE vs. Avg. speed by Tokyo Metropolitan Drive cycles

70
60 [ X
50 r .
<40 |
IS
=
&30 - %
o
20
10 +
0
0 10 20 30 40 50
speed [kmk/h]
5-3-9
FCV HEV
ICE HEV
NEDC 195
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60

O X O + X > OoX P> O o0 1 © > ¢

ICEV(Tokyo)
ICEHEV(Tokyo)
FCV2008(Tokyo)
FCHEV2008(Tokyo)
Gas.ICE
PHEV(gasoline)
FCHEV-B DOE 08T
FCV-B DOEOST
HEV(gas)
ICEV(gasoline)
FCV

FCHEV
0.5regression
0.5regHEVgas
FCHEV 0.5reg
0.5reg FCHEV

(FCHEV2008(Tokyo))

(FCV2008(Toky02)
(ICEHEV(Tokyo))

(ICEV(Tokyo))
(0.5regression)

(FCHEV 05reg)




FUDS 31.4km/h NEDC 33.6km/h

ICEHEV FCHEV FCV
ICEV ICEHEV FCV
ICEV
NEDC
10 10 15
NEDC
50kW 28kwW
1
ICEV
200W

5-3-10
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FE vs. Avg. speed by Tokyo Metropolitan Drive cycles(housekeeping
mOdIfIEd) « ICEV mod(Tokyo)
60 A ICEHEV mod(Tokyo)
y = -0.0290117 X + 1.872783 X + 24.7883929
@ FCV2008 mod(Tokyo)
50
+ FCHEV2008
y = -0.0204968 ¥ + 1.4235745 x + 20.0284  mod(Tokyo)
40 y = -0.0140774 X + 1.0142531 x + 18.4836671 8 GasICE mod
— © PHEV(gasoline)100%
E A A A o] (9 )
=30y = 00142161 X* + 0.8654533 + 135446201 © FCHEV-B DOE 08T
II:ILJ 100% mod
X o A FCV-B DOEO8T mod
20 s y = -0.0087315 x? + 05498578 x + 14038386
X W o ICEV(gasoline) mod
10 [u] x HEV(gas) mod
/./;: 1.9507182E-06x" - 0.4334530E-05x” - 9.8074158E-03«’ + 8.2785582E-01x + L.0162832E+00] , Ecv mod
0 L L L L L
0 10 20 30 40 50 60 X FCHEV mod
speed [kmk/h] )
HEVO0.5regression(mod
\
5-3-10
ICE 5-3-11
FE of HEV & ICE w.r.t. Vel. And factors, Freg. Of Speed
40 4
35 35
—e— Frequency (% in
30 — 3 2km/h)
g f\ \(_ w —Prius
& 25 N ~< 258
£ / >< \ N | ——NPwoAC
§20 (- //>< >_</—- 2 g
i = ——NPwithAC
£15 - 15 ¢ -
10 / 7, \ ! ——Corolla
5 A\// 05 ==Ppr/Cor FE Ratio
‘—// \\- (rh.scale)
O ! ! ! ! P —————— O
=== NPwW0AC/Cor Fe
0 5 10 15 20 25 30 35 40 Ratio
velocity [km/h]
5-3-11
5-3-12
5-3-13
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60

50

40

FE[km/I]
]

20

10

45

35

25

15

0.5

FE-Speed

200W

9 ICEV

1 ——ICHEV 100%
—FcV
——FCHEV 100%
—— ICEHEV50%

——— FCHEV50%

norm. by ICEV

ICHEV 100%/ICE

FCV/ICE

FCHEV 100%/I1CE

------ ICEHEV50%/ICE

10 15

5-3-12

25 30
speed[km/h]

Hybridization

50 | eee-e- FCHEV50%/ICE

— ICHEV100%/ICE
—FCHEV100%/FCV
o gasHEV100%/gasICE
o FCHEV100%/FCV 08T
— ICEHEV50%/ICE
— FCHEV50%/FCV
x hev50/ice gas mod

x 0.5reg FCHEV/FCV mod

——

10 15

5-3-13

20 25 30
speed[km/h]
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1
50 60
100
50 100
100
50
50%
5-3-2
1 ICE
1500cc
5-3-14
FIAT VW
FCV
PASSAT
5-3-15
PASSAT

Realizing Future Trends in Diesel Engine Development, B.Georgi, S.Hunkert, J.Liang and
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PASSAT
VW

New Math Model for Averaged Engine
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WTtT
WLT
CO2
5-4-1 5-4-2
CNG FCV
WET 2 PEC
PEC
WLT
ICE
Vehicle
. Tank Lorry Refueling i
Ll Vente.
S On Board H Vehicle
(s

FC Hybrid
Vehicle

Electric
Power
Generation

Power
Transmission

Battery
Recharging

5-4-1

5-4-2

PEC-2001L-04 Report, Report on LCI of Transportation Fuel, --Comparison of FCEVs and
conventional vehicles--, Petroleum Energy Center, 2002/4

268



0.9
08
0.7
0.6
0.5
0.4
0.3
0.2
01

Resource

Liquefaction

Reforming

Liquefaction

5-4-3
WIT

5-4-4

PEC

WtT

Electric
Power
Generation

Power Battery
Transmission Recharging

| ICE
Vehicle

ICE Hybrid

fank Lorry
Domestic
[Transportation

5-4-2

Tank Lorry
Dor

Distribution

On Board
Reformer

»

Vehicle

Refueling
Station

Vehicle

-l N FC
Vehicle

FC Hybrid

Gaseous
Fuel

Cryogenic
Liquid Fuel

O = = s = o=
s3Eerg przg 133
— 5 2 2 $ 2 2 9@ S 23 g
23 = 2 = 528
OF & 83 - &85 = 2 D
=0 O 3 =0 O o =230
O>5% O0=5=g5 0g5
2e 0 2T o g z2c 23
£ = 5 a2
o= 0 - 26 & -z g8
= = E5E°
o 13 Q‘g.ﬂ =] o
= 8 4 2 a i

£

s

a

conv.gas Fut.gas
conv.Dies

5-4-3

L.D.Tr. by Qil Tanker

- = = = [+
35% Z2£5
3 =B b3
8¢¢ Ff88
e e 8 L 4
222 S:x3
2z g0
2338 =55
235 2 5o
% E i o
£ 8
fS]

Naphta
Fut.Dies.

wWItT

Refuel. Naphtha
OilRefinery Naphtha
Naphtha=>H2 C.P
Dom.Dist CH
Refuel. CH
Dom.Dist.Naphtha
Naphtha=>H2 SS
Refuel. CH

Naphtha=>H2
cP

Naphtha=>H2 SS

269

L.D.Tr. by Oil Tanker

Charging

Power Gen. Oil
Elec. Distribution

Electricity

gRee g
s34 ¢
- 223 o
532292
Oc e 2
228
[=e]

a

|

LPGinJPN

OilRefinery LPG
L.D.Tr. by Qil Tanker
Dom.Dist.LPG

LPG
overseas

Refuel. LPG



3Na 1enydy

3INa Isiquwog
Jeuel INA Aq uLd
JNA<=¥HO

|9salq’ L4 [3nyay

19s910'14 1S1q'Woq
Jvuel 9salq’ L4 Aq L@
188810’ L4<=YHD

eypdeu 15 anjay
eyiydeu'1 4 1sIqwoq

Javjue] eyydeu L4 A u1'Q

eyiydeu ] 4<=yHO

HW Pnjay

OHD "Inyey
SS ZH<=HOW
HOW 1siq'wog

HOW ‘I3nJay

HOW 1sig'woq
JaxueL HOW Ag 11a
HOW<=yHO

OHT B3y

H1 3siqwoq

J9vuel HuxAg 11
‘brioH

PIaI4se) ZH<=YHD

Buibreyd
uonnqLasig 9913
9N Aq ‘U89 Jemod

HW 1enjay

HO'1BNJ8Y
OHOIsIqwoa
d'0 ¢H<=rHD

HW 1Pnjay

HO'1enyay
SS ZH<=YHO

OND 'Tenjey
¥HO Isigwoq
JodepONT

Jjuel ON14q u1a
‘brion

3 ON

se9leN

FTDiesel DME

MOH FT naphtha

H2 C.P Elec. LH

H2 SS

CNG

WIT

5-4-4

270



5-5 Well-to-Wheel
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CNG

.CNG
1
-1 CNG kcal/lkm
CO2 -2
- CO,
L HHV). ) |y |92
cc kg km/Nm3 ! km/I 2 | kcal/km HHV |kcal/km LHV g-CO2/km
CNG 659 950 128 20.6 176 485 437 119 100
Gasoline 659/ 850 95 156 15.6] 538 492 151
CNG 659 810 128 20.1 172 498 448 . 103
%
Gasoline 659 720 105 164 16.4] 512 468 144
CNG 659 770 128 225 19.2 444 400 o 92
2%
Gasoline 659 690 95 196! 19.6] 429 392 120
CNG CNG 657 815 10.2! 230 196 435 391 - 90
3%
Gasoline 657/ 690 10.2 202 20.2 416/ 380 117
CNG CNG 657 985 10.2! 20.2 172 495 446 o 102
M
Gasoline 657 860 10.2 15.0] 15.0] 560 512 157
CNG CNG 657/ 1,045 10.2 17.3 14.8 578 520 . 120
v
Gasoline 657 860 10.2 154 154 545 499 153
CNG CNG 657 840 10.2 196 16.7 510 459 . 105
Gasoline 657/ 730] 10.2 16.6 16.6 506! 463 142
R CNG 658 870 125 225 19.2 444 400 r 92
1
R Gasoline 658 780 105! 190! 19.0] 442 404 124
CNG 657/ 1,000 130 22.3] 19.0 448 404 . 93
%
Gasoline 657 780 105! 164 16.4] 512 468 144
CNG CNG 1,496 1,090 108! 164 14.0] 610 549 1 126
Gasoline 1,496 980 98 14.2 14.2 592 541 166
AD CNG CNG 1,769 1,190] 128 172 14.7 581 523 o 120
-124
AD Gasoline 1,497 1,110] 95 164 16.4] 512 468 144
CNG CNG 2,960 1,680 9.0 103 8.8 971 874 - 201
)
Gasoline 2,960 1,520 9.0 85 85 988 904 277
CNG CNG 1,468 1,130] 9.2 144 123 694 625 . 144
Gasoline 1468 1050 92 128 128 656 600 e 184
GX CNG 1,668 1,170] 125 188 16.0] 532 479 . 110
-8%
GX Gasoline 1,668 1,140 104 174 174 483 441 136
CNG CNG 1,498 1,130 94 29.5] 252 339 305 - 70
%
Gasoline 1,498 990 94 237 23.7 354 324 100
1 km/I
2 LHV
3 - CNG LHV
- CO,
Cc02
HHV HHV HHV LHV
8,400 kcal/| 0.7658 g-c/kcal] 0.2808 g-c/kcal 7,680 kcal/|
9,200 kcal/| 0.7839 g-c/kcal] 0.2874 g-c/kcal 8,544 kcal/|
CNG 10,000 kcal/Nm® | 05639 g-c/kcal| 0.2068 g-c/kcal 9,000 kcal/Nm®
1 CNG (13A)
2 HHV LHV IEA IPCC
0.95
0.9
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45
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o R2=0.962
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1
o R2=0.801
CNG kg =12513* -69.31
2
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1800

1700
y = 1.0875x + 0.9499 ®
R?= 09617
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1500
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| |
y = 1.2513x | 69.31 "
© 1100 g2 08005 '//
& o
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kg
1
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CNG

CNG
CNG

- CNG
10 15
cc kg km/Nm3 ' | km/i 2 L Nm3 Mpa kg
CNG 659 950 1238 20.6 176 51 102 200 54
CNG 659 810| 128 20.1 172 51 10.2 200 54
CNG 659 770|128 225 19.2 62 124 200 65
CNG CNG 657 815| 102 230 19.6 62 124 200 65
CNG CNG 657 985| 102 202 172 52 104 200 55
CNG CNG 657| 1,045 102 17.3 14.8 52 104 200 55
CNG CNG 657 840| 102 19.6 16.7 62 124 200 65
R CNG 658 870| 125 225 19.2 200% 2 8.0 200 42
CNG 657| 1,000 130 223 19.0 24.7x 3 14.8 20.0 78
CNG CNG 1496| 1,000 108 16.4 14.0 74 15.0 200 78
AD  CNG CNG 1769|  1190| 128 17.2 147| + FRP 79(46+33) 16.1 200 59
CNG CNG 2960 1680 90 10.3 88| + FRP  [152(106+46) 304 200 114
CNG CNG 1468] 1130 92 144 123 26.0x 2 104 200 55
GX CNG 1668) 1170|125 188 16.0 FRP 100 19.6 35
CNG CNG 1498 1130 94 295 25.2 78 156 200 82
CNG L
kg CNG kg
=1.05 FRP=0.75 FRP=0.35
o R2=0.960)
CNG kg =0.9414x kg
1.9038x CNG kg 32.249
3
o R2=0.999)
CNG kg  =1.4457x kg
3.5674x CNG kg 430.34
4
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CNG

4
CNG CNG
-4
CNG
1,120kg 1,500cc
CNG 1,243kg 1,500cc 123kg
CNG FRP 1,201kg 1,500cc 81kg
CNG + FRP 1,153kg 1,500cc 33kg
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1 CNG

0

(kcal km) (a- (co) +y+y-9)-
y 1
CNG CNG
LHV
-5

0

0

5%

5%

t
o 7.6093*10° | 1.8139
y 0.3433 3.7704
vy’ -0.0357 0.6560
R 0.8339

12

CNG

0
t 1.96
0
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CNG

4 CNG
CNG
-6
- CNG
kcal/km
LHV
1,120kg 1,500cc 509
CNG 1,243kg 1,500cc 524 2.3%
CNG + FRP 1,201kg 1,500cc 507 1.1%
CNG + FRP 1,153kg 1,500cc 486 5.1%
0,
CNG 1,120kg 1,500cc 472 7.8%
= CNG LHV
CNG
1,500cc 1,120kg CNG
1,243kg - 23 +
FRP 1,201kg 1.1
+ FRP 1,153kg
5.1
CNG CNG 7.8
CNG
CNG

284




G8¢

Delucchi 1991, 1993

Delucchi 2000

GHG

GHG

GHG

Delucchi, M.A., 1991, Emissions of Greenhouse Gases from the

Use of Transportation Fuelsand Electricity, Volume 1. Main
Text, ANL/ESD/TM-22, Center for Transportation Research,
Argonne National Laboratory, Argonne, Ill., Nov.

Delucchi, M.A., 1993, Emissions of Greenhouse Gases from the
Use of Transportation Fuels and Electricity, Volume 2:
Appendixes A-S, ANL/ESD/TM-22, Center for Transportation
Research, Argonne National Laboratory, Argonne, I1l., Nov

NREL et al.1991, 199
2

The National Renewable Energy Laboratory (NREL) Oak Ridge National

Laboratory ,Pacific Northwest National Laboratory

reformulated RFG
RFG E10 90
10 E95 5 95 3

VOC CO NOx SOx PM CO:

National Renewable Energy Laboratory et a., 1991, A
Comparative Analysis of the Environmental Outputs of Future
Biomass-Ethanol Production Cycles and Crude
Qil/Reformulated Gasoline Production Cycles, Appendixes,
prepared for U.S. Department of Energy, Office of
Transportation Technologies and Office of Planning and
Assessment, Golden, Colo., Dec.

RFG National Renewable Energy Laboratory et al., 1992, Fuel Cycle
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