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THE RATE OF CHANGE IS NOT

CO; Concentration (ppmv)

IPCC SRES Scenarios: CO2 Concentrations used for AR4 Simulations
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Problems from Automobiles

Worldwide Industry and
Technology Developments in
the 20t Century

harp Increase on Fossil
Fuel Consumption

1

-Population Growth
-Vehicle Population
Growth

{Automobile Related Issues

Increase on CO2 em|SS|on

obal Warming

Air Pollution (Nitrogen oxides,
Particulates, Ozone

Increase on Traffic Accidents l




Growing Gap between Oil Discovery and Production

Projection

Peak

Billion Barrel / Year

0
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Reference: hitp:// /. 0ilposter.or Year

Oil production will reach the peak in the near future
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developing a

solution




Automobile Revolution in New Century

Energy: Efficient, Alternative Fuels.
Environment: Minimal Emissions.
Safety and Intelligent.

Powertrain: Electrification and hybridization

Control: New Control Theory and Algorithm,
Computerization and Digitalization

Future Vehicle: 4 wheels +computer



Sustainable Mobility Challenges

CO,

Exhaust Emissions CO, NO,, HC, PM
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Fuel-and Powertrain Strategy

Electricity / E|E:Ctro- Q
traction
Hydro_gen Fuel Cell
(Regenerative) /
SunFuel® /
SynFuel /

Renewable
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Success of EV/HEV/PHEV Products:
High Performance @ Reasonable Cost

I: Integration & Optimization of Automotive & Electrical Technologies
A: Alliance of OEM & Key Components Suppliers

Powertrain
Technolog

y

Chasis & Energy
Body Storage
Technolog Technology

y



Characteristics of BEV, HEV and FCV

Types of BEV HEV FCV
vehicles
Propulsion e  Electric motor drives e  Electric motor drives Electric motor drives
e Internal combustion
engines
Energy storage e  Battery e Battery Need battery / supercapacitor

subsystem (ESS)

Supercapacitor

Supercapacitor

to enhance power density.

Energy source &
infrastructure

Electric grid charging
facilities

Gasoline stations
Electric grid charging
facilities (for Plug In
Hybrid)

Hydrogen
Hydrogen production and
transportation infrastructure

Characteristics

Zero local emission
High energy efficiency
on crude oils

Relatively short range
High initial cost
Commercially available

Low local emission
High fuel economy
Long driving range
Dependence on crude oil
Higher cost than ICE
vehicles

Commercially available

Zero low local emission
High energy efficiency
from crude oil (if not using
gasoline to produce H,)
High cost

Under development

Major issues

sizing and management
Charging facilities
Cost

sizing and management
Control, optimization and
management of multiple
energy sources.

Fuel cell cost, life cycle and
reliability

Hydrogen infrastructure
Cost



BEV' & HEV' Production
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Two Pathways for HEV Technology Development
Two Way Powertrain Roadmap Technical Road Map

Topics
- Single Cylinder Displacement > 400 ccm

- Optimized Combustion (CCS®/GCI)

Zero lmpact - Optimized Fuels XTL
- Total Emission Reduction

o Powertrain

Gg} - High Charging, Friction Reduction
DC_} - Fully Variability (Air/Fuel)

- - E-Technology-Integration in

,g In tegrated Powertrain . . . Topics

0 - High Power Battery - Single Cylinder Displacement < 250 ccm
0 - Combustion Optimization for high Load
Z (no HCCl)

O . . - Emission Reduction at Full load

Full-Hybrid Plug-In-Hybrid . . - .

0 . g-in-1y - High Charging, Friction Reduction
a - High Power Electric Motor

LE Mild-Hybrid Electrical - High Energy Battery

; Powertrain with - 40-50 kW -FC-Stack
s ._Range Extender

Engine

Electrical Long Distance

Powertrain with . .
Electrical Powertrain
Focus: Electric Power C-Range Extenderg P




Philosophy of Engineering:
Six Principles of Integrated System Design

Debate, define, revise and pursue the purpose/objective

The system exists to deliver capability, the end justifies the means.
The statement of a requirement must define how it is to be tested.
Requirements reflect the constraints of technology & budgets.

Think holistic

The whole is more than the sum of the parts — and each part is more than a
fraction of the whole

Be creative

See the wood before the trees

Follow a disciplined procedure
Divide and conquer, combine and rule

Take account of the people
To err is human ; Ergonomics; Ethics & Trust

Manage the project and the relationships
All for one, one for all



Hybrid Engineering Philosophy: 1+1>2

Hybrid Mule_3% = Horse L (Mother) + Moke I}' (Father)

b Ty -
SN

L

Mule is the hybrid of horse and moke, mule takes the best
DNA of horse and moke, hence more powerful and
endurance.

HEV should have added value gained from the integration of
engine propulsion and motor propulsion, fully sizes the
Intelligent electrical, electronic and control technologies



FUEL
ECONOMY

Functionality/

ICE Power

Start-Stop Mild Hybrid

* Engine start-
stop at idle

» Engine off on
deceleration

» Mild regenerative
braking

* Electric power
assist

* +2-4%  + +10-20%

Full Hybrid

Full regenerative
braking

Engine cycle
optimization
Electric launch
Limited pure
electric drive
Engine downsize

+30-50% Cars

+20-40% Trucks

Plug-in Hybrid

* Plug-in
rechargeable

* More electric
drive during
charge-
depletion

* Reduced
refueling

¢ +100% in charge

depletion/100%

» same as full hybrid

afterward

Electric Power

Plug-in Range
Extender EV/

* Full-function
electric drive

* Initial pure
electric range

* Significantly
reduced
refueling

¢ Electricity only in

EV range/fEEV

e same as full hybrid

afterward

Electric Vehicle/

Plug-in recharge
only

100% pure
electric
range/100%

No refueling

Electricity only



Ring gear

Trans.
Carrier
[ mechanical link Sun gear
I clectrical link
Fig. 1; Series-parallel hybrid Vehicle using a planetary gear unit Fig. 1a; Planetary gear unit
Trans. VSI1 EM1
@ Fuel ICE Trans.
VSI2 EM2
Fig. 2; Series hybrid Vehicle Fig. 3; Parallel hybrid Vehicle
VSI1 EM1 VSI1 EM1 Trans.
BAT Fuel ICE Trans. @ Fuel ICE
VSI2 EM2 VSI2 EM2

Fig. 4; ICE Vehicle Fig. 5; Battery powered Electric Vehicle



Parallel Through-the-Road Configuration

1 Same as Parallel
Configuration, except
Internal Combustion Engine
and Electric Motor operate
independently of one
another, and act on separate
axles.

1 All four wheels are powered.

O Propulsion System mass is
evenly distributed.




Hybrid and Electric Vehicle Popwertrain
Solutions Approach

Today’s hybrids use distributed components, creating vehicle performance, cost &
packaging challenges
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TODAY: Complex.... ..Costly

FUTURE: Simplified.... ..Lower Cost, Compact, Robust

Delphi’s power electronics building blocks enable up-integration for lower cost,
improved packaging, robustness & fuel economy
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Specific Power (W/kg)
&
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Energy Sources

Ultracapacitor

Short-Period
) Energy Source W&

heel

Gasoline + ICE
—Electrochemical
| Batteries

. =

Fuel Cell
Rechargeable - |
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-5 10 20 50 100 200 500 1000,
Specific Energy (Wh/kg)



Best Battery Technology

Features for EV, PHEV
|PoweEr [Energy Life Isafety / Environmental Ciost |Comments
Ph-acid Long Established |Sood [Wery Low Cycle: Low Good safety with extensive wery low well understocd, but limited to no value for
Commercially Calendar: Low |recycling in place EW / PHEV due to weizht and life
Mi-Cd Long Established |Low Lo Cycle: Good safety. Cadmium metal  (Medium Memary effect, toxicity and low
Commercially KAedium highly toxic. performance make for no value in BV / PHEW
Calendar: High
MNiMH Long Established Medium  paiedium Cycle: Good safety. Recyclable raedium [very mature technology but low life and seif
Commercially hadium discharge limit Ev / PHEV wtility
Calendar: Low
LiCoozf Graphite Commercialized |Good [High Cycla: Low
Calendar: High
LijMice=Coosg ooz f commercialized |Sood High Cycle: Low
|Graphite [NCA) Calendar: High
LiFePOs/Graphite [LFP) commercialized |Sood Ptedium Cycle: High Good, but SE1 can lend to
Hizgh calendar: Highjrunaway
S E
-_E LijMizaConamIny 2} 0z f Graphite [NCM) (Commercialized [Medum  [High Cycla: Low
5 calendar: High
LLiranz0ufGraphite [LWO) Pre Commercial [Medium  High Good. But SEl can lent to
runaway
LifAn20n fLinTIs0w [LTO) Pre Commercial

El'l5i‘|:'|' limits utility. Can be Rapid charged
[=10 min)

[Zink-Air Commercialized |Low High Cycle: High  [verygood. Highly recyclable  |Low Rechargeable only by mechanical means.
calendar: High

MNaniCl (ZEBRA) Commercialized |Low [High Cycla: Low |5afe in cold state rdedium High temperature battery
Calendar:
Kedium




Cell Manufacturing

Cell model used to detail manufacturing plan
* Processes
* Equipment
* Materials
* Man-power
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Cell manufacturing is 90% experience, skill, & know-how, 10% buildings and machinery



Infrastructure and Power Requirements

station >“> Public parking

darea

AT HOME PUBLIC AREA WORK PLACE
Town living E - E
Suburban : G :
ghit asolin
living : ]

Parking 14 hrs per day 2 hrs per day 7 hrs per day
Durations

Charging 1 charging point per < 0.5 charging point per vehicle 1 charging point per
Points vehicle vehicle

Power & Low power and High power and quick charging Low power and
Charing time normal charging (e.g. 22 kW, 2 hrs) normal charging
Requirements | (€.9. 3kW, 10 hrs) (e.g. 3kW, 7 hrs)




Productions of EVs and PHEVs until 2012

2008 2009 2010 2011 2012
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Forecasts of EV and PHEV Sales

WESTERN EUROPE JAPAN
ﬁ i 0.6
0.1
2011 2015 2020 2011 2015 2020
us CHINA
14
ﬂ 0.2
2011 2015 2020 2011 2015 2020
Scenarios: "The future drives electric  [[] PHEV [_] EV "Downsized mobility”. [Jij PHEV [] EV

Sales forecast, 2011-2020 [% of new car sales]



Development of EV/HEV/FCV in
China

¢ Policy

0 Technologies

® Demonstration & Commercialization



China's automobile industry has great potential
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The total auto production was 10 millions in 2008, the second largest country of
automobile production,and it will be the largest in 2010. Chinese Automobile quantity is
40 millions,and it will reach 150 millions in 2020.




Strategy for Chinese Transportation Energy

Evolutional Strategy

Development of
Energy-efficient
Vehicles 2020

Sustainable

Development

Development of
New Energy Vehicles

Revolutionary Strategy



Three-Dimensional Automotive Energy and Power system routines

Liquid fuel (gasoline,
diesel and bio-mass + Advanced IC 1 Fuel Auto and HEV

substituted fuel engine (Esp. CIDI) to Plug-in HEV

mmmmmmw > Highway Transportation

Internal combustion Gaseous Auto and
Gasgeous fuel (NG,
Sy HZEN + | engine to Fuel Cell + | HEV to Fuel Cell
e Engine Vehicle

mmmn > City Public Transportation

Electric fuel n Battery/Motor energy T Micro-EV to
(Coal-based electricity) motivation system Electric Vehicle

mmmmmmm > Personal Transportation




Development Trend of Automotive Energy and Powertrain
In China Based on Three Different Fuel Infrastructure

100

Traditional ICE vehicle Advanced ICE
and HEV

80 %

60 %

40 %
Battery EV —4

0 Gaseous ICE
20 % and FCV

2000 2005 2010 2015 2020 2025 2030 2035 2040
Liquid fuel infrastructure Electricity Infrastructure Gas Infrastructure



National Electric Vehicle Program (2001-2005)

Develop EV product, establish commercialization running
mode

Product authentication,demonstration in 2005.

Battery Electric Vehicle A

B i

Develop the Product of Hybrid Vehicle and fit for the Market
Product authentication in 2005, release market in 2006.

Research and developing fuel cell Power Trains & vehicle
technology platform . Test run in Olympic Games in 2008.

Fuel Cell Vehicle R&D

2002.1

2005.3



National Program of Energy-efficient and New Energy Vehicle(2006-2010)

Various Types of Automotive Products

BEV
Powertrain

Fuel Cells Batteries Ultracapacitors ---
I —
Motor Drives Power Electronics ---

New Materials New Devices Infrastructure

Testing | Standard RPO“ICV_& Demonstration £inance  Proprietary Information
egulation

FC HEV
Powertrain Powertrain

9|91Ys\ S|an{ aAl}euJd]Y|Y




Hybrid Vehicles Development

Micro Sedan Compact Sedan Medium Sedan City Bus

Micro Hybrid | Mild Hybrid Full Hybrid Series Parallel




Development of Motor Drives

Motor Drive

for BEV for Sedan

Dual Motor Drive Duel Motor Drive
for Sedan for Buses




Development of Battery

NiMH (Chun Lan) NiMH (Seng Lai)

Li lon (Li Shen) Li lon (Phylia) Li lon (Meng Gu Li)
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Improvement of Li lon Batteries:
Safety Testing




Fuel Cell Vehicles Development

Cherry Chassis

Cherry FCV



Fuel Cell System Development

Power kW

System Efficiency (Net)

Specific Power W/kg

FC Buses

80

45%(Rated); 52.7%(Max)

171.2

FC Sedan

50

42.52%(Rated); 58.54%(Max)

204
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il ! . -l
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Xin Yuan FC Module

Shen Li FC System




More Electric is Vehicle Trends
»BEV, Pulg-In Hybrid, Range Extender




Promotion of EV/HEV In 13 Cities

o

e Each city over 1000 R -
vehicles within 3 years o *@

e Priority in public
transportation

e Incentives from central
and local governments

e Incubation of demand
and market



Beijing Olympic 2008 — EV,HEV, FCV
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Olympic Beijing — 50 Electric Buses




Olympic Beijing — 415 EVs
266,500km, 592,200 person-trip
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Olympic Beijing — 10 FAW Hybrid Buses

155,000km, 660,000 person-trip,
Fuel economy 39.83/100km, Saving 1

0T B AT BB R ERE B
2966 5 Nk, BitTIHERRE15. 500
£,

«3H3E 4739. 83L/100km, ¥E X4 1A B Z= 35 3H

17.38%




Olympic Beijing — 15 Dong Feng Hybrid Buses
145,000 km, 750,000 person-trip,Fuel economy 50L/100km, saving 20.14%
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Olympic Beijing — 50 Cherry Mild HEVs
1735,000km, BSG Fuel Saving 5.7%-10.3%,
ISG Fuel Saving 13%-20.4%

« #FHF9H16H, FESOHEESZNHERITERERE: 17357 AR
e A5BSGTIMZEA5.7%%10.3%, ISGTIHZEiAF]13%520.4%.



Olympic Beijing — 22 Chang An Mild HEVs
87 Days, 429,000km, 708,000 person-trip,

~ Fuel saving 20% - 30%
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FCV Demonstration in 2008 Beijing Olympics
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LEV Development in China

2500
163 4
153
2000 150
1500 F 109
s 1211
1000
1000 80069
675. 71
$
s00 k 400
158
5.4 14 29.3 60
0 | [ — [ | |_| L
1998 1999 2000 2001 2002 2003 2004 2005 2006

[Ssales of EV in China(10, 000)

The annual sales growth of EV (%)
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Success of EV/PHEV Markets

Business
models

E
Market
Success



Innovative EV/PHEV Business Model

OEM & Key
Component
Suppliers

Energy
Suppliers
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SUCCESS

SUCCESS "




|nspiration
|magination

|nnovaﬂon

|nteg ration

|mplementation

|nvestment
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Thank you!




