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Prospect for Supply and Demand of Conventional Oil 2
& Changes in CO2 Concentration
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Oll discoveries in new: oil fields' have Atmospheric CO, concentration has
lagged oil consumption, hence ‘Peak dramatically increased since the 20th
Oil" seems to be inevitable. century.

Autemotive industry Is urged te respond te these Issues to provide
sustainable personal mebility for the 21st century.
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Scenarios for Response to Environmental and Energy Issues
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Diversification off energy’ seurces for vehicles increases.
Toda However, each alternative energy source has some issues. WYOTA
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Ligquid fuels are guite suitable terautemoenbiles (High velumetric energy density).
Volumetric energy density of hydrogen and lithium-ion battery is low,
and the cruising range is an issue.
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Hybrid technology in PHVs, EVs and FCHVs

Issues

k| Cost
| Battery durability

PHV

Zero CO2 emissions
during inner city driving

Cruising range
Charging time
Infrastructure
Cost
Battery durability

Zero CO2 emissions
) durin%driving

Energy saving

(Fuel economy improvement) Infrastructure

Cost
Stack durability
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Wider use of electricity on vehicles (PHVs and EVS)

Short-range EV | PHV |

Scheduled to be introduced Introduction started
in 2012 at the end of 2009,
mainly in Japan, US and Europe

Premote wider use of electricity on vehicles
through the introduction ofi short-range EVs plus the mainstream PHVS
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Comparison between Fuel Cell System and Li ion Battery
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a) Mass/Volume b) Cost Li ion battery
Li ion battery B

RAVA EV , ’\‘\ v 2010 2020
(Ni-MH) Current / NEDO Target| [NEDO Target

actual result L, 7
Toyota FCHV-adv , /
Mass production

Prospect actual result
(Expected around 2020)

FAIISS I//!/f/14/?f/f/II//!/!/I///!/!/II//}:: .............. The volume change of H F
/ tank leads to the slight C
FC system increase of system cost |System

\
System Cost

0 100 200 300 400 500 0 100 200 300 400 500
Practical Cruising Range [km] Practical Cruising Range [km]
Vehicle weight (excluding battery/FC system) : 1.4t class
[FC system includes stack, tanks, & system components J

Battery / FC system mass / volume

(Toyota estimation)

For long distance driving, FC system possibly has advantages
not only I mass & velume but alsoe in cost compared to Lifion battery.
under mass production in the future.
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. 8
Response to Environmental and Energy Issues
Vehicle FCHvs [ Heaw-duy [
: trucks
size
Passenger cars Route buses
=AVAS
Small Short-distance &~ Y Deiivery
delivery vehicles - trucks
vehicles_
Driving
Motorcycles distance

Energy
sources

s Gasoline, diesel, bio-fuels, compres
i EIectr|C|ty ural gas, gas to liquids, coal tm Hydrog-

EVs: short-distance vehicles; HVs and PHVS with ICE: wide-use vehicles;
FCHVs: medium-to-large vehicles.
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EV Charger

s EV Charger
[
L —
Coal =1 Generation [
100V / 200V
Biomass —_ AC 200 V
- A (TOYOTA INDUSTRIES
- CORPORATION)
= Power Grid

—> | DC

Rapid charging

DC 500 V
(HASETEC Corporation)

AC charger (100V/200V) fer daily use
DC charger (rapid charging) for emergency use
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Challenges of Infrastructure Development,

Hydrogen Pathways
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In short term: by-product Hy, fossil-fuel- based H2

,| Electrolysis

Power :G:rid

H, Production

On-site Reforming

In mid- & long- term: renewables, biomass, nuclear power => water electrolysis, direct water splitting

Optimum: hydrogen infrastructure burlding frem the perspective of

right timing, right place, and right methods
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Codes and Standards

1) Safety
- High voltage safety
- Hydrogen safety

2) Customer convenience -- Infrastructure interface
EV (Battery EV)
- Charging system
AC: 100Vv/200V
DC: Rapid charging, voltage ?7?
- Connector, Communication
FCV (Hydrogen FCEV)
- Connector (nozzle, receptacle),
Communication at hydrogen station
(for three-minute charging)
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TOYOTA FCHV-adv

In Japanese 10-15 test cycle, Toyota in-house test
*2 in Japanese JCO8 test cycle, Toyota in-house test

Overall length/ 4,735/ 1,815/ 1,685 Type Pure hydrogen
width/ height (mm)
Max. speed (km/h)| 155 Storage systemHigh-press. H, tank
. 1aCruising range * Fuel Max. storage | 7

venlele (km) sl pressure (MPa) 0
Fuel economy 139" (38km/L gasoline equiv.) Tank capacity | 6.0 (35 deg C)
(km/kg Hy) 1262 (34.5km/L gasoline equiv. (kg H2)
Seating capacity 5 |Price Lease JPY 840k/month
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FCHV System Components

- Hybrid Technology

\_
-
High pressure
hydrogen tank
N\

TOYOTA ECHV Is an Iintegration of fuel celllsystem technolegy and

hybrid technology.
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Major Technical Challenges for FC Vehicles

—

Issues to be solved

Balance in Cost / Compactness & high performance / Stack Durability

technolog

| A > Established
Elf'

Cruising range

Coldi start /' Driving perfermance
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Cruising Range of TOYOTA FCHV-adv

'08 model : T
25—y . . FCHV-adv" Practical d1iving| > 500 km
R L O iestSle > | 830 km
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- TOYOTA ECHV-adv: hasrachieved a practical cruising| range o

over 500 km.
- FC system efficiency has also been substantially improved up to 64%.
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Cold Start / Driving Capability BT
Performance Test Results in Canada

B Timmins, Canada

(degC)  Ambient Air Temperature at Timmins (degF)
10 50

0 32

20
10

-20 "/V‘/\’\/‘h\/\ Vf \/\ﬁ\ ‘ 0
30 + \‘/\ l\\[\ + =20
0 \_ M~ -37degC 40

2/8 2/10 2/12 2/14 2/16 2/18
Date

Ambient Air Temp.

R 3 - > b
b | ; . e o 3
& e g e
= = * . . b _ﬁ, =
. - . oy

T, R

“Yellowknife, Canada

Tihe cold-weather perfermance tests verified that the cold start
and driving performance ofi the TOYOTA FECHV-adv was
equivalent to that of gasoline-powered vehicles.
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Cost

FC System Cost Reduction
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FCHV-adv

- Simplification (Reduction of compornents)

- Performance improvement => Lower cost

- Use of mass produced parts => general-use parts
- Reduction of material cost (price/quantity)

|
Less than
1/10 Still expensive

Limited
production

Current development level
(approx 1/4 of FCHV-adv)

2
I\g"::‘ l Another 1/10

(L AORUEIONTID> ~ aifislon Comere

Solvmg |

———=1Cost reduction

technical
problems

esign, material, Effect of mass
prod tech innovatien production

The cost of currently under developed ECHY Is reduiced to approx 1/4 of

FCHV-adv. Now, we are fecusing on achieving another 1/2 cost reduction to

meet 2015 target.
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Continued Commitment to Fuel Cell Vehicle

4 _ )
“We’'re also making great progress on hydrogen fuel cell

vehicles and hope to make this technology available and
affordable for customers within the next half dozen years.”
- Akio Toyoda

\_ (August 5, 2009 Center for Automotive Research: Management Briefing Seminar) /
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Commercialization Scenario 19
for FCVs and H, Stations in Japan

Phase 1 Phase 2 Phase 3 Phase 4 @l

Technology :  Technology & Market Early Commercialization :  Full Commercialization
Demonstration Demonstration : :
JHFC-2 Post JHFC : Starting Period  Expansion Period i  Profitable business Period
2010 : 2011 20155 2016 2025 2026 Z
*Solving technical issues and promotion of : Expanding production and sales of : . . .
review regulations (Verifying & reviewing : FCVs while maintaining convenience Contribute to diversity of
development progress as needed) : ?Ffzg&\::il:\zegsts for H2 stations and energy- sources and R
: — — A reduction of CO2 emissions
*Verifying utility of «Continuously conducting
: FCVs and H2 stations : technology development and review
: from socio-economic of regulations

: Year 2025
Increasmmbers of ECV‘allgl I-!2 stations
I based on profitable business

viewpoint

H2 Station Number ==

Approx. 1,000 H2 stations* : :
v Costs for H2 station construction and

t _______ - - T T ===== : : hydrogen reach targets, making the
. . : station business viable.

. | Approx. 2 million FCVs*
o H (FCV 2,000 units/station)
£ — .
2 Begin building Period in which preceded H2 station
Determine specifications of commercial type H2 stations building is necessary
Q@ commercial type H2 stations z
Q ~’ \J/_ Increase of FCV numbers through
% : — . introduction of more vehicle models
> : z
Year mmp

* Precondition: Benefit for FCV users (price/convenience etc.) are secured, and FCVs are widely and smoothly deployed
Source: (FCCJ)
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Summary

. For the diversification of energy sources and CO» reduction,
the early commercialization of e-mobility is an urgent and vital matter.

. Expect the development and diffusion of electric powered vehicles
(battery EV/ hydrogen FCEV) that enable the diversification of energy
sources and zero CO; emissions during driving.

. Because battery EVs have some issues such as cruising range and
charging time, PHVs with zero CO, emissions during inner-city driving
are practical for the time being. Expect the R&D of high energy
density batteries in the future.

. The technological development of hydrogen FCEVs has been
progressing, and the cost reduction is being promoted. Towards the
beginning of commercialization in 2015, expect the establishment of
Infrastructure and early market of hydrogen FCEVSs.
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