Hydrogen as Fuel
for
Today and Tomorrow

Progress and Challenges of Hydrogen Fuel
Cell Vehicles for 2015 Commercialization

Katsuhiko HIROSE

Toyota Motor Cor oration
Today For Tomorrow



Hydrogen Vision —

Energy security: Oil Free . . .
—Key-WordsGiobal-wWarming:Carbon free— Sustainable Society

HV PHV FCY EVincrease
Social 20% =50%
Needs Oil Price >$100/BBL
'10 '15 '20 '30 ‘50,
Vehicles | Commercializatio
Demonstration r
. r Start Spread :
Engineering Lq)w cost station Pipeline (Snall scale) PipeLine )Large Scale)
Hydrogen | Ol , Fossil based hydrogen production >
prod. Free fflClent compressor
Compact station |1
. ion << Fossil +CCS :»
Infra Further reduction <

CO2 separation CO2Seaquestratjon  Sites increase
mass sequestration

Sustainable Renewable hydrogeal>

Carbon free prod.

Technologies

Solar wind Direct prod.
Consensus for the Low Carbon society Incentive for JO2 reduction
i Ecohomical benefits Penalty for CO2emission
Social Enefgy Security Incentives for infra
Actions Environmental Benefits

| incentives for Vehijcles and Station

I]I)eregulation Incentives for renewable

g & Standard preparatio | TOYOTA

Today



What we learned from Prius
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First Prius Oct1997
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First Official Prius Prototype did not work

o Predevelopment Small number of predevelopment
- Well Share conceptand language

o Serial production prototype
— Huge number of engineers from different division had to work together
— Wording and concept are difficult to be shared

— Share the terminology and concept

— Recognize
- Human hybridization is the most important part
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Pre-Prius development
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After-Prius

Engine management
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Response to Environmental and Energy Issues

Using hybrid technology for PHV, EV, and FCHV
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What are created by Prius

* Hybridization
— Hybrid as a technology to extend to the new vehicles
applications

Battery PHV

Engine Large Battery EV

Engine FuelCell HydrogenTank FCHV
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What Prius Brought to US

Prius created a new i1dea of
hybridization

New idea Is created by the
hybridization of the human being
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What Prius Brought to me?

e Small Dream’s Realization i1s not
easy.

e Big Dream is easier to make True
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Reason Why?
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What Hydrogen Makes to You?

Hydrogen from Economic Side

Today For Tomorrow TOYOTA



Global Automotive Value Chains 2004
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High efficiency of Fuel Cell 15|
)

Internal Combustion Car FueL Cell Venhicle
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Hydrogen Price Estimate and Value Chain 16

Compared to gasoline HV,

1. Hydrogen price: Advantageous for FCV users.
2. Cash flow into foreign countries in hydrogen: Small

Fuel cost to drive FCHV-adv for 10km (real world) (excluding tax)

150
Estimate based on the data from the Institute of Applied Energy
i ———————— (¥130/L Incl tax) _________________________________________________________________ -
: ! User's advantage during
. . Initial commercialization
100 i | phase
: : (Exempt from gasoline excise tax)
Z : ¥80/L.! ¥80/Nm ¥60/Nm
§ User's advantage during
T wide-spread
T commercialization phase
T ¥48/Nm3
Im port Domestic
——— ==

2010
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Value chain analysis
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Value chain analysis
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__Alternative Car-in_ Economical View.
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Hydrogen Storage Technologies

-

Hydrogen: 5 kg

35MPa (=
Compressed
P Crya-adsorption
/I
(<D) . .
= Z0MPa /Chemlcal Hydride
= O 7 N
g Sci Carbon / /1
- cience el t .
o » o -
[ area VOF ¢
B\t ilizati
:,n>)‘ LH, W o* Unistabilization
/77BN Seri
Metal déped MOF .s'prg AlH,), Metal Hydride
1.2wWi% AL Ss%

Final |ICE

Target
Conventional

4mass%

System Weight

Today For Tomorrow ] TOYOTA



22

Important message

e Thank you for the effort on hydrogen
storage works.

 Understanding and challenges have not
reached the engineering stage.

e Car manufacturers decided to use 70MPa
CFP tank for the 2015 commercialization.

e Next step

e Scientists and Engineers must
communicate to accelerate development
Into the right directions.
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TMC Estimation of Hydrogen Storage System
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System estimation tools
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Hydrogﬂen Supply Pass Flow
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New Target and Collaboration
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Hydrogen Storage Roadmap in 2011

2005 2010 2015 2020
Engineering Phase

Targe‘Judge Result in 2010 |
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" Field Test — | Auto Industry request to
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New target for you is 2015 not 2020

2005 2010 2015 2020 2025
Engineering Phase

High Pressuregkgtvpa

- Field Test —
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New Hydrogen Storage materiz —
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Material and Society
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Societal Change and Material

Mobility

Stone age  Village Stone, Bo etool Foot wood food

Bronze age City State Bronze, Pottery Foot, horse wood food

Iron age nation Iron, Porcelain Horse, Carriage,  wood food
Ship

Industrial Urbanization  Steel Railway Steam coal energy

revolution ship

20 century  Globalization  Steel, Copper Automobile oil energy

aluminum Airplane nuclear
21 Sustainabl ? IT? renewa Earth
Century e ble
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Material to Cut Connections
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In the Past
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Societal Change and Material 35]
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Societal Change and Material
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*Bronze Age | * Division of | * Metallurgy o . Stone tool
«Start of City labor
State * Rich and poor * Bronze

M Yy G . N =7 b= =y
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*Bronze Age | * Division of | * Metallurgy « Stone tool
«Start of City labor
State * Rich and poor * Bronze
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*Bronze Age e Division of | » Metallurgy » Stone tool
*Start of City labor
State * Rich and poor * Bronze
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What i1s the new Axe material
for the sustainable world
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“End of stone age was not due to the lack of
stone”™

New material lead the technological
Innovation and change the society.

Now environmental limitation forced to find

new material and to change the society
toward sustainable society
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Towards the Sustainable Society

P
Scientists

Engineers
Academies sport
. ' for electricity
Industries ndustry and household
Governments
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Reason Why?

e Small dream iIs not easy to make.

« Small Dream shall be don by your
self.

e This Is not easy!
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Reason Why?

e Big dream Is easy to make It true.

e Everybody help you to make it
true!
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Evolution Continues

* Hybridization
— Hybrid as a technology to extend to the new vehicles applications

Battery PHV

Engine Large Battery EV
Engine FuelCell HydrogenTank  FCHV
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What are created by Prius

 Hybridization
— Hybrid as a technology to extend to the new vehicles applications

Battery PHV

Engine Large Battery EV
Engine FuelCell HydrogenTank  FCHV

Engine FuelCell Hydrogen Storage
Super FC

Today For Tomorrow TOYOTA



Vision of Response to Environmental and Energy Issues

Vehicle size FCHVs Heavy-duty
~ trucks

h\ \ k

Ex ains

Passenger cars

EVs o II@_ Regular trains
FCHV(BUS |
Short-distance e
commuters rucks
Motorcycles ; _
v N Small delivery vehicles Driving
ks distance

A

Gasoline, diesel,
tural gas, gas

ty

iCi Is, compress
N -Electr|c| ds, coal to Im Hydmé-

People choose vehicle according to the convenience but society choose fuels. |
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Ancient technologies at British Museum 2050

Once upon a time there burned the oil In
the car to propel and emitted CO2 on road.

2id B 0 i
il o e

Extinct technology Oil burned Vehicle
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As a engineer
Technology changes the world.
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As a engineer
Technology changes the world.

As a personal
New world will be created by the
people’s will to make it happen.
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Change the world
Toward
Safe and Healthy World
Together
With Hydrogen
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	What we learned from Prius
	First　Official　Prius Prototype did not work
	What are created by Prius
	What Prius Brought to me?
	Reason Why?
	What Hydrogen Makes to You?��Hydrogen from Economic Side
	 Hydrogen Price Estimate and Value Chain
	Value chain analysis
	Value chain analysis
	Alternative Car in Economical View
	Hydrogen Storage Technologies�
	Important message
	System estimation tools
	Hydrogen Supply Pass Flow
	New Target and Collaboration
	Material and Society
	Societal Change and Material
	In the Past
	Societal Change and Material
	Societal Change and Material
	Towards the Sustainable Society 
	Reason Why?
	Reason Why?
	Evolution Continues
	What are created by Prius
	Once upon a time there burned the oil in the car to propel and emitted CO2 on road.

