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1. Greenhouse effect
- history and future

2. Fuel Cells
Vehicles
Households
-Fuel Cells for Mobile Phones

3.Electric Power System (EPS) and Hydrogen energy System (HES)
- EPS --- Practical ---- Could not store
- HES --- Under Development ---- Large Scale Storage with LH,, Clean
- Compensative in Future

4. Convergence of SC and Liquid Hydrogen Technology
SC + LH, = Energy Grid,
HTS. MgB,




Changes in carbon dioxide
concentration i~

During the history of the earth, the ation of carbon dioxide had remained
steady at between 200 and 300 ppm. Since the Industrial Revolution, however, the
level of carbon dioxide in the atmosphere has been rapidly rising due to the use
of fossil fuels. This level may continue to increase. A
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Effects of vehicles

on the carbon dioxide emission ™o

Prevalence Rate of Vehicles

The Power of Dreams.

Transportation accounts for about 21%, of which
17.5% comes from vehicles. Therefore, it is
imperative to reduce carbon dioxide emissions from
vehicles.

Others Power
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Source:IEA CO2 Emissions from Combustion (2004)
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Energy consumption is estimated to increase more drastically due to the
increased number of vehicles and the expanded personal transport activity.
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- Issue Related to Energy Demand ... o

Supply of crude oil will come to a limit in the future.
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Risks of meteorological changes ..

Stern Review
October 2006

«Climate changes adversely affect economic growth and
development.

«If people take immediate action, there is some time left for
avoiding these adverse effects.

«Losses to be incurred if no action is taken may account for
more than 20% of GDP according to the worst-case scenario.
+The worst-case scenario can be avoided by controlling the

current level of concentration from 430 ppm CO,e to a level
between 450 and 550 ppm.

«Emissions must be cut by more than 25% by 2050 from the
current level.

Modelin%of CO2 Reduction
y vehicles , T

Only the use of carbon-neutral hydrogen or advanced biofuels can
offset the impact of continued growth in greenhouse gases

Gigatonnes CO2-equivalent GHGs

Increments
[ Diesel (LDVs)
2 Hybrid (LDVs + MDTs)

3 Bio-fuels
(80% low GHG sources by 2050),

4! Fuel cells (Fossil hydrogen)
8 Fuel cells (80% low-GHG
hydrogen by 2050)

6 Mix shifting (10% fuel economy
improvement)

Remaining GHGs 7 10% vehicle travel reduction (all
road vehicles)

2000 2010 2020 2030 2040 2050
GHG : Green House Gas

Source: WBC-SD SMP

The Mowes of Dreams

Society’s needs for FCV s
*Low carbon dioxide characteristics
(production / driving)
«Alternative to petrol

Developing products that are sufficiently responsive
to reduce environmental impact while allowing mobile freedom



Roadmap for technical
- development for fuel cell vehicles ™™=

Issues to be addressed ) .
for FCV commercialization Tha P s

Demonstration Introduction to Mass production
stage commercialization stage  stage
Present until 2010 until 2020

b About 50% 60%

efficiency

Output density >1.4 KW/L 2.4 KWIL > 2.4 KWL

(stack)

Durability About 1,000 hrs. 3,000 hrs. 5,000 hrs.
10,000 startups 30,000 startups 60,000 startups
and stops and stops and stops

Cost Tens of thousands 50,000 to 60,000 4,000 yen/kW

(stack) of yen/kW yen/kW (1 million units/year)

(100,000 units/year)

Source:Excerpts from NEDO's Fuel Cell Roadmap Version 2

Fuel Cell Fleet program
in the world

The Power of Dreams

*Improvement of vehicle output density
‘Improvement of fuel economy
and driving range

+Cost Reduction

‘Improvement of durability and reliability

Improvement of
- vehicle output density ——
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Acceleration Performance __Good

Performance improvement and weight reduction require to achieve
the acceleration more than gasoline powered vehicle
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Improvement of fuel economy : Improvement of the durability
and driving range o and the reliability ot s

Fuel economy

The factor of driving range are
1. Vehicle efficiency O
2. Vehicle weight

Fi
3. Fuel amount

Improvement each factor make spread driving range

X l ehicle efficiency|

Vehicle weight

Driving range |

Cyclic durabilitﬂ _______ » *Improvement of membrane
and MEA strength

*Replacement of vehicle dynamic
mode on the testing stand

g i God Startup and stop |------ - °*Improvement of membrane
! Band of Fuel amount£20% j&' degradation ULNES Stengt

. *Fuel gas control

S | Vehicle Efficiency

£ @o@q/ Cold/hot degradati;l === =» +Improvement of membrane
| —50% toughness for cold and

€ —40% hot temperature

@ *Thermal capacity reduction
2000Kg Weight 1000Kg

Cost reduction S ——

Cost-reduction process

I Expensive materials |. _____ » *Replacement to popular
materials
(e.g., membranes, electrodes, separators)  «Mass production development of

fuel cell vehicles
________ » *Simplification
*Replacement to

(e'.gA, tanks, hydrogen supply systems, conventional parts
high-voltage electrical equipment)

Productivity F ----------- » *Continuous production and

automation
(6.g., MEA/stack) *Yield improvement



FCV Development

The Power of Dreams

FCV Development

The Power of Dreams

Advanced Packaging

2005 FCX

Reduced overall height

ﬁ 7
! Reduced -
h

... floor heig

c e N E = PFoT

Short nose Long wheelbase

+ Very short front overhang
+ Large cabin in relation to vehicle length
+ Reduced floor/overall height

Advanced packaging made possible
by the V Flow fuel cell platform

FCV Development
Honda FC Stack evolution

The Power of Dreww

Coaxial type

Traction Motor and Gear Box

V Flow Fuel Cell Stack Lithium-ion
(center tunnel layout) battery

High-Pressure
Hydrogen Tank

Maximum Speed

160 km/h

Maximum Motor Output

95 kW (129PS)

Driving Range

570 km (355 miles) !

Maximum Motor Torque

256 Nm (26.1kgm)

Fuel Cell Stack Output

100 kW

Energy Storage

Lithium-ion battery

Hydrogen Tank

171 L/5000psi (35 Mpa)

*1 City mode(LA4-H/H.Honda estimation)

Significant improvements compare to previous model
Power/Volume density : +50% , Power/Weight density : +67%
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FCV Development: HONDA

Energy Efficiency

“The Powar of Dreams

Energy efficiency of FCX CONCEPT
- twice that of hybrid-electric vehicle!
- three times that of gasoline vehicle!
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« Significantly improved mid-to-high-speed acceleration in addition to

already superior off-the-line acceleration
+ Uniquely quiet and linear acceleration feel

Passing Acceleration

Off-the-line Acceleration

FCV Development HONDA

Driving Range ThoPowerof braame
Driving range improved by approximately 30% over 2005 FCX to 570Km.
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«Cost, durability,
and reliability
equal to gasoline-

fueled vehicles

e *Improvement durability and reliability
B -Extended practical range
=Cost reduction

=improvement of vehicle
Demonstration performance
test «Extended to cold areas



Why Fuel Cells and Why Now? Choice _(_)_f_ng\(_Mgterials for Fuel Cells

- The first successful demonstration of fuel cell power generation was |

conducted in 1839.
(By Sir William Grove of the UK.)

{ Petroleum

- The first practical application was developed in 1965. -
(Carried onboard the NASA’s Gemini 5 manned space shuttle) g
; ; : ]
So why are fuel cells in the limelight now? NBGE! -
@ They offer good heat utilization efficiency which helps to reduce ges 1ges = g. -E
carbon dioxide emission. s S g— -
@ They have smaller environmental impact than oil, as they emit smaller Biomass +3s Methane | : %
harmful gasses. ; 3
@ They use a variety of energy supply sources, such as petroleum fuel, Waste matter " Methanol | B
natural gas, and biomass fuel, etc. B
@ They are a step towards the future hydrogen energy use. | Natural energies | o {,7"
@ Fuel cell performance has improved to the point where their output E )
per unit volume is in line with that of car engines. ! = i gg_
@ They will lead to create new industries and strengthen Japan'’s ' 1) 2,
industrial competitiveness. souoe ' —4,———
Uquaked Patroleum Gas Conter Malarials | | ——————————rr’ )
i Nippon Oil Corporation 3 Nippon Oil Corporation 5
Types of Fuel Cells and Respective Power Generation
Capacities and Applications Merits of Petroleum Fuels
i @g&%‘?‘& @ High energy density, perfect for storage
Solid oxide fuel cells (SOFC) and transportation. ,
Types | R 2 ' T " PEPP—— b N
Phosphate fuel cells (PAFC) | o EX|§_t|_ng production and distribution e 1
] e T facilities can be used to 8 [
o0 carbonate fuel cote (Mcro) supply petroleum fuels.
Output kW 10kW  100KW  1,000kW 10,000 KW 100,000kW
- ; j ‘ —— @ Installation possible anywhere in Japan. ; 1
g g " Household ecation L Smallscamf-soa:seapower generation . hl—:fi“—_,_‘
38 ‘ @ Fuel reserves can be kept to secure energy supplies
Q : .
2 o < in case of emergency. @&
i L E- Bl

Nippon Oil Corporation 6

Nippon Oil Corporation 4



Future Directions of Mobile Fuel C‘e//s- ¥

Expectations toward Fuel Cells (2)

Phosphoric Acid | Molten Solid Oxide Polymer Electrolyte | Direct
Diversification and Multi-Functionality Fuel Cell Carbonate Fuel | Fuel Cell Fuel Cell le;l‘é%ll)
(PAFC) Cell (SOFC) (PEFC)
of Mobile Phones cre)
l e Fuel Hydrogen Hydrogen, carbon | Hydrogen, carbon Hyd;owen (reformed | Methanol solution
" 4 xide monoxide gas
High Function Mobile Phones | | _ s anw (roomed | MR, o
Always-0On ¥ opria. 02N Electrolyte | Phoshoric acid | Lithium Stabilized zirconia | lon exchange Jon exchange
b (e moe) carbonate membrane membrane
@ Cinel. LCD (backiight) operation) Potassium
carbonate
lon Proton Carbonate ion Oxygen ion Proton Proton
. . h
LNeed to Increase Mobile Phone Battery Capacity membrane
Operating | Approx. 200 T | Approx. 650C Approx.1,000C Ambient temp.~ Ambient temp.~
" temperatu Approx.100C Approx.50C
Provisional Measures L2

Long-term Measures

Active use of 2nd generation IT
th

- oCoMo is now investigating and prototyping
Hihivm 400 Bxtarles ese batteries partly through joint development |

Change in cathode and charging

voltage of Li-ion batteries Introduction of various other fuel cells for mobile terminals under investigation

[1se of micro tul cels (OMFC, PEFC)._|,

e CEXPO 2007 (F0b. 7,2007)

Al Rights Reserved_: 2007 NTT DoCoMo, inc.
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Expectations toward Fuel Cells (1)

Recharged (prototype example)

600 Cable-connected (current example) ~ BY carmying the fuel cell and cartridge, Terminal-embedded
Recharge via power outlets 03;,\%?": :gwlr:u:u:::;se the moblle phone (future target)
Light weight
)
= 400 —
=
=
= .
5 Li-ion Present \
- Y 2 e
B0l R e
2 Ni-Cd &
o Downsizing
. ; - o —————| R8Dfor embedded fuel cells |
0 250 500 750 1000 +Terminal embedded fuel cells with high fuel concentration technology

Al Rights Reserved_ 2007 NTT DoCoMo. inc

Energy Density (Wh/1)

. FCEXPO 2007 (Feb 7,

«Simple fuel cartridge design
+Hybrid operation of Li-ion battery packs and fuel cells

Al Rights Reserved_«2007 NIT DoCoMo, inc.

S ¥ - T4 A7)/ —




FEERZEE -7 T

F2LWLELED,
N7=-aA2Nd=N1Zyh
BEKESSY o
FEEREEEN DR /NZP ¥
TERNTFVTNRELTERA,
FCHV-BUSIZ NS EAFEBMEHF HATHELL
rIARFCREYY

RE BN TV YR KBNZTT, NOX6PMHEOT,
IS BMEOARREEV) -T2V HFHBIET,
20055 3PS50 AXTHME

[ RS | TR SBMOBBFRELT,
8A NDFCHV-BUSH EIT,

1005 ADBEHRICTHAVELERLE,

FCHV-BUS (75 1/ S A tHHH)

%L TFCHV-BUSI$. 2006438 &) FCHV-BUSO X E# T

hEE R E - AT —ADBHFRELT wil ¥ FCHV-BUS
~ 4= N—2AWH KT
PHROMS HHR,SEEBITLTVET, KEZXHEO s G T 0
FEEBATE IRES-IFIVE 2 R/2W2W (mm) 10,515/2,490/3,360
PHAICEMTIMZMEOMTIREZ REER L 62 (#iR/$2) /63 (52 7/12)
%30 ST NAHEBITLTVET HEhE 5758 E (kvh) 80
_T55>7/ il 4 wRwE  &h NSAFOR597
\Nageya i &S T
3 7 R 2 B A (w) 90x2
Dav DL EVWREER) DI FHTT, - an TRANEIR
o RS Y FCHV-BUSI. NI #FCHVERU [RIXFCRE Y2 | #RALTH R 7L Ge)) SUNToEne
e %, 4 AP (N-m (kg:m) ) 260 (2655)%2
an 2%, 7. TOMRHBME2EHEBRLTOBOTTH NADAELEBE
Centrai ~ ] ] K%
- RBEDVDVEAEICESEEMELTUENET, LHLR-THBE, e T T
FHREARBCRYSATLUEOET ASICHRER L, ILOLPERES WA FIRE S (MPa) 35
FCHV-BUS ¥ $6E1TE41RE FCHV-BUS (5> 7/S At 43) NI ERETHE—4—ORUSRBSNT BrCHBCmELEY, 7Y B8 =V VKER













