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2003: Artic ice free by 
2070

2008: Artic ice free 
by 2013 ?



<Automobile Related Issues

Sharp Increase on Fossil 

Fuel Consumption

Worldwide Industry and 

Technology Developments in 

the 20th Century

Increase on Traffic Accidents

Increase on CO2 emission 

(Global Warming)

Stress on Oil Reserve

Air Pollution (Nitrogen oxides,

Particulates, Ozone) 

Problems from Automobiles

-Population Growth

-Vehicle Population 

Growth



Automobile Revolution in New Century

ÅEnergy: Efficient, Alternative Fuels.

ÅEnvironment: Minimal Emissions.

ÅSafety and Intelligent.

ÅPowertrain: Electrification and hybridization

ÅAlternative Fuels

ÅControl: New Control Theory and Algorithm, 
Computerization and Digitalization

ÅFuture Vehicle: 4 wheels +computer



Fuel-and Powertrain Strategy



Success of EV/PHEV  - Goodness Factor :
Good Products; 

Good Infrastructure;  
Good Business Model.

Infrastructure

Products
Business 

models

EV 

Market 

Success



Good Products:
High Performance @ Reasonable Cost

I: Integration of Automotive Technology and Electrical Technology

A: Alliance among Auto Makers and Key Component Suppliers

Chasis & 
Body 

Technology

Powertrain 
Technology

Energy Storage 
Technology

I+A



Hybrid and Electric Vehicle Powertrain Integration



Good Infrastructure: Efficient & Convenience

Parking

Durations

14 hrs per day 2 hrs per day 7 hrs per day

Charging 

Points

1 charging point per 

vehicle

< 0.5 charging point per vehicle 1 charging point per 

vehicle

Power &

Charing time

Requirements

Low power and 

normal charging 

(e.g. 3kW, 10 hrs)

High power and quick charging

(e.g. 22 kW, 2 hrs)

Low power and 

normal charging 

(e.g. 3kW, 7 hrs)



Swapping, Intelligent Charging, and Energy 

Storage Charging



Comparison of Gas Station &  Storage Quick Charging 



Innovative Business Model



Intelligent Management

Card Payment Sell EV Without 

Battery

Lease Battery

Swapping & Charging

Innovative Business Model
EV Industry is Disruptive Industry



By 2020, EVs would be about 7-12% of total volumes, 
China may reach 15-20%

Global Electric Vehicle Market (Sales): Scenario Analysis, 2008-2015
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Optimistic Scenario F&S Scenario Conservative Sceanrio

Scenario's 2008 2009 2015
2020

(% of total car 

sales)

Optimistic Scenario 5,103 17,475 2,266,450 12%

F&S Scenario 5,103 8,911 1,226,607 7%

Conservative Scenario 5,103 7,550 520,953 4%
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Two routes to millions of EVs?

Today

China, India

Sophisticated consumers

High precision manufacture

Specialist technology

High cost base

New consumers

Access to materials

Low cost technology

Low cost manufacture

100ôs of 

EVs

100 million

e-bikes

100,000ôs of EVs

2020

? millions of 

EVs

? millions of 

EVs

? millions of e-4 wheelers

Collaborations



Electric Vehicle Roadmap

Public familiarity and acceptance: Formula 3 

2010 2012 2016 2020

100s of EVs 100,000+ vehicle fleets
??? 10 ð 15%

new vehicle sales
1st models

available

2nd Gen EVs

óRealô  electric innovation
Mass market EVs

Maintain current momentum Real óelectric innovationô

ǒEarly adopters

ǒGovernment

procurement

ǒóClean Citiesô

Current industry

focus

Current 

government

focus

ǒFleet experience

reliability

driver 

response

ǒInfrastructure 

stdn

ǒCost reduction

ǒAcceleration of 

consumer interest 

and uptake

Phase 1

Recession, EU and US regulationséCO2, energy securityéé

Phase 2
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Worldwide comparison of well to wheel CO2 emissions per 
km driven with a BEV (15 kWh or 25 kWh/100 km) and ICE 
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Core Technology: Energy Storage & Propulsion
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Technology Roadmap



FCV

E-REV

BEV

BEVτττBattery Electric Vehicles

E- REVττRange Extender & Hybrid Electric Vehicles

FCVττFuel Cell Electric Vehicles

Application of Electric Vehicles

Heavy Load

Stop-and-go

D
u

ty
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le

Drive Cycle

Continuous

Light Load

City Intra-Urban Highway-Cycle Highway



Hybrid Engineering Philosophy: 1+1>2
HybridMule = Horse (Mother) + Moke (Father)

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



Hybridization and Fuel Efficiency Potential/

ICE Power

Electric Power

Plug-in

Smart Starter

F
u

n
c
ti
o

n
a
lit

y/ ωEngine start-
stop at idle

ωEngine off on 
deceleration

ωMild regenerative 
braking

ωElectric power assist

ωFull regenerative 
braking

ωEngine cycle 
optimization

ωElectric launch

ωLimited pure electric 
drive

ωEngine downsize

ωPlug-in 
rechargeable

ωMore electric drive 
during charge-
depletion

ωReduced refueling

ωFull-function 
electric drive

ωInitial pure electric 
range

ωSignificantly 
reduced refueling

ωPlug-in recharge 
only

ω100% pure electric 
range/100%

ωNo refueling

F
U

E
L

E
C

O
N

O
M

Y ω+2-4% ω+10-20% ω+30-50% Cars

ω+20-40% Trucks

ω+100% in charge 
depletion/100%

ωsame as full hybrid 
afterward

ωElectricity only in EV 
range/ EV

ωsame as full hybrid 
afterward

ωElectricity only

Start-Stop Mild Hybrid Full Hybrid Plug-in Hybrid Plug-in Range 
Extender EV/

Electric Vehicle/



Hybrid Vehicle Architecture
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Fig. 1; Series-parallel hybrid Vehicle using a planetary gear unit Fig. 1a; Planetary gear unit

Fig. 2; Series hybrid Vehicle Fig. 3; Parallel hybrid Vehicle 

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



Motor Technology : 
Two Types of Configurations



Motor : PM Motor or Induction Motor



Straight Type and V-Type IPM Rotor



2010 Prius motor efficiency contour 2000 Prius motor efficiency contour

Efficiency Counters



Temperature Monitoring, Cooling, Fault Tolerance











EVT ïElectric Variable Transmission



Ultracapacitor

Short-Period 

Energy Source  

Flywheel

Electrochemical

Batteries

Rechargeable 

Long Period

Energy Source

Gasoline + ICE

Fuel Cell 
Non-

Rechargeable
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Energy Sources Comparison



Cycle Life > 2000

Cost < RMB 3000 (USD 375)/kWh

Reliability: Volume of million vehicles

Mileage of 150000 km





Comparison of Various Batteries








