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Household charger plug

Inverter On-board
Current ; charger
I—i <{ Discharge N7 y

= ! - Motor
Cathode Electrolyte Anode .

Quick charger
plug

Lithium-ion battery
system

Battery Recharge —~ - % -
Plug

fnot drawn to scale)
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Engine-powered vehicle Electric Vehicle Hybrid vehicle
‘ﬁ l.ﬁ -
@ =
Englne Engine Maotor
A car powered by an A car powered by an A car powered by an
internal combustion engine electric motor engine assisted
by an electric motor
Fuel consumption comparison:
engine-powered versus hybrid
Engine-powered Hybrid vehicle
______________ vemce ... _Samestandingstat/ o0 O
acceleration performance
Electric EI'IgiI'IE assisted h".l"
:'.__‘ Matar S electric motor
Engine ; ;  Fuel consumpticn power : . Improved
power L .. fuel efficiency
Engine
e prawer e
.’l- h
Standing start and acceleration Standing start and acceleration
using engine power alone using engine + motor power
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M Engine [l Motor [l Generator [l Battery
Series hybrid power
characteristics
+'.'."+
* .
E
Motor el ]rstEm .
LAVELEY = = output . .
* '..-'-'-l'
AN o
Transmission
_\'. Parallel hybrid power characteristics
|
| -'-..‘“
l "'
Engine TEATT A w—e o System =
| power power — '. output ;
| L
jl ..-."'F
._ﬁ\n Combined hybrid power characteristics
!
| .---‘l#“
| System?
Engine Motor “System’
! power power % nutput.
f .
. ) The two sides of the equation are not equal because
Power split device the engine needs to power the generator.
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Hydrogen Storage Tank

Stores hydrogen gas
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Fuel Cell Stack
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‘ehicle image courtesy of
American Honda Maotor Co., Inc.
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Technology Assessment
-Benchmarking

-Analtical Studies

-Risk Assessment
-Readiness Assessment
Li-ion Battery R&D
-DOEMUJSABC

-Battery Materials
-Applied Research
-Fundamental Research

PEEM R&D
-Inverters/Converters
-Motars

-Themnal Control
-Integrated Systerns

Vehicle Efficiency
-Analysis

-Hardware Studies
Testing & Validation
-Standard Procedures
-Plug-In Hybrid Test Beds
-State-Of-the-Art Testing
-Validation Testing

Manufacturing R&D
-Feasibility Study
-Development/Acquisition
-Technology Demonstration

Global Developments., )
National Policy, e

Needs & Priorities Y Refine Goals

. 2

Phase 1
Design

&

@ Hispeed IPM

rated

‘ Refine Specs

Batteries ’Vehicles

O Feasibility Study

er + DC/DC
rior Permanent Magnet) Prototype
al <>

Develop/Acyuire Decision

/ T
State-of-the-art +
requirements analysis +

Fy12
risk assessment... drive

< Technology Development_

Phase 2
Design

| l | l

DC/DC for AER HEV or FCV

Phase 2
Battery

Prototype Air-cooled System
CVT + Motor + Gen + Inverter + Thermal

Refine Specs

Validated technology +
feasible manufacturing
process ... drive
Technology Readiness

|
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Next-Generation Vehicle

Gasoline HEV EV PHEV

co2 1 1.2 1.4 1.2~1.-3
Cost 1.5MYEN 2.3MYEN Approx. 4MYEN Prototype
Fuel cost 8.2YEN/km 4.2YEN/km 2.2 or 0.7YEN/km 3.8 or 2.5 YEN/km
Range (900km) (1600km) < 160km > 1600km
Infrastructure OK (gasoline) OK (gasoline) electricity Gas + Elec.
Market available available FY2009~ FY2010~
NOTE1 fuel cost = fuel price / gas millage. NOTEZ2 cruising range was estimated as follows;
Gasoline = 150 YEN/L Cruising range = Tank capacity x gas millage.
Electricity = 22YEN/kWh (day) 7YEN/kWh (night)
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E-mobility roadmap for Germany: Key milestones per phase

i i I d I Vﬂ.‘ﬂﬂlﬂ
| | reverse planning
| | (Tleet)
| | Objective 2020
| 1 m vehicles
_.—._._.—'
2008 2011 2015 2020
Phases Preparation of | Start Market growth = Volume
marketand | Commercialization
technology |
Mile- 2,000 E".\‘IF"HEW'; 115,000 EV/IPHEV" 1,000,000 EV/PHEV"
stones 20,000 charging: 150,000 Charging 750,000 charging stations?
stations? stations?

11 Vehicle flest|cumulated registrations] ¥ Humber of curnu st d changing stations, privates powsr outle ts {garage, ste.) not included
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Cruising
Speed IGE = HV. *PHV. Area

o *»--)m
L_l_.: =

TOYOTA PHV

TOYOTA
FCHV-adv

Delivery
truck

Driving
distance

Gasoline/Diesel/Bio—fuel Hvd
/CNG/GTL/CTL etc. yarogen

/

Fuel Electricity
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Future Mobility will be characterized by the Electrification of the
Drive Train

Electric drive

,emission free“

Stop/ Mild Full Plug-In  Plug-In Hybrid  Fuel Cell Battery
Level of (RSG) i B i Hybrid (seriall :

SR (parallel)  Range Ext.)
electrification

Meee H) HHIL

S-Class BlueH{brid
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Conclusion and future prospects
BlueZERO: Modular Concept for E-Mobility

Daimler’'s Green Technology

E-CELL F-CELL E-CELL PLUS
High-voitage Electric High-voltage Electric High-voitage Electric
battery Charger | maotor battery motor battery | Charger motor

Hydrogen
tanks

Fuel-cell Combustion engine (range extender)
stack with fuel tank
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Infrastructure
| Home | work Place

Car Parks,
Supermarkets

E,r Operator Option 1
Battery Leasing by OEM

OPERATOR yin

- Purchase Electricity

- Invoicing Financing Company
- Mobility Services Car Sarvices

- Battery Management (option 2)

FINAL PACKAGING BY DEALER

FINAL CUSTOMER
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“‘Well-to-Wheel" CO2-Emissions of Different
Propulsion Concepts

Diesel ICE with bio mass (2nd generation) and Fuel Cell vehicles with Hydrogen have the

highest potential to reduce CO,-emissions

Gasoline ICE 196

Hybrid (gasoline ICE) -28%

Diesel ICE LiCR -16%

Hybrid (Diesel ICE)

Natural-gas ICE (CNG)

Hydrogen ICE (CGH, out of CNG)

i

Diesel ICE (BTL)

Fuel Cell (CGH, out of CNG)
Fuel Cell (CGH, out of bio mass)

Fuel Cell (CGH, out of wind power)

Reference: Compact sedan, NEDC U 20 100 150 200 250
e GHG Emissions [g CO2 eg/km]
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