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WIDE RANGE OF DRIVERS
FOR INCREASED EFFICIENCY

Consumers

1 Price of Fuel

1 Climate Change
1 Energy Security
1 Green Movement
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Changes in Market
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China

1 Phase 3/4 FE
Requirement

U.S.

1 Climate Change and
Energy Security

1 California ZEV Requirements

Europe

1 CO, Regulations,
130 g/km (46 mpg) in 2012
and 95 g/km in 2020

1 CO, Taxation




TRANSPORTATION CRAWL
IN DEVELOPING CITIES

India

Thailand

e e AT




WORLD POPULATION AND VEHICLE PARC
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THE CHALLENGE

T

Global energy demand exceeds our current
glide path for supply

There are several risks that can disrupt the
existing supply

d Above ground infrastructure

0 Natural disasters

d Wars

d Hostile regimes

Growing concern about global warming due to CO,

Potential for regulations that exceed both technical
capability and business feasibility




GLOBAL DEMAND INCREASES 2% / YEAR
/1% INCREASE OVER 2003
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GLOBAL FUEL ECONOMY / CAFE L CBIALLENGES

European Union
Canada 130g/km in 2015 (43 mpg) Japan

1 Green Levy 95g/km in 2020 (58 mpQ) 1 23% CQ 1995 A 2010
1_6.6L/100km (35.5 mpg) e Llocal CQ taxation 1 29% cg 2010 A 2015

In 2016 4 | Gasoline up to $9/gallon
1 Quebec; 34.7 mpg =

in 2088 T China I |
USFederal B | 5.9L/100km in 2018 =4
1 35.5 mpg by 2016 -y 5 L/100kmin 2020

| 1 54.5 mpg by 2025 \
4 Gasoline $4/gallon v

Korea
\ 140g/km (392.5mpg)

California o S

1 40% mpg 20094 2011

' 80% CQreduction by 2050 '
| ZEV, PZEM tles

g 1 150 g CO/Kkm by 2015

Mexico
1 10.8 km/l by 2015

Global Fuel Economy, CQRegulatory Outlook in regionally specific units




GLOBAL FUEL ECONOMY / OQUTLOOK
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THE COMPETITIVE CHALLENGE

As much focus as is placed on emerging regulations,
the competitive environment is even more fierce

Rememberd just five years agoad the public claims

of manufacturers centered around vehicles that achieved:
d 30 mpg in the United States

0 Under 99g CQ/km in the EU

Today,the 40 mpg club and sub-99g CO/km for
conventional powertrains Is getting crowded

And while the penetrations remain small ,
the commitment to Advanced Propulsion is big




VARIETY OF PATHWAYSMANY ALTERNATIVES

Key to driving down technical cost d particularly for
global manufacturers dis scale and common solutions

There issignificant diversity in the propulsion
solutions in major Global markets

1 Diesels are strong in European and Indian markets
d with virtually no hybrid volume

1 Petrol is dominant in China, Japan, and North America
d with growth in gas/electric hybrids

7 And the alternative fuels pathways are many and varied
0 LPG (Asia Pacific)
d CNG (EU)
d Methanol (potential in China) m
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QUO VADISO WHERE ARE YOU
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DRIVING
SOLUTIONS




VARIETY OF PATHWAYSMANY ALTERNATIVES

1 While the diversity in propulsion solutions are
wide ranging depending upon region and country,
t he O0f undamentasfEssor b ¢ pFc

1 Efficient systems benefit all vehicleso albeit to
different degrees depending upon the powertrain
0 and are the most cost effective

1 The solution set o like a good football team o will be
a winning combination of Speed, Technological
Advancement, and the Fundamentals




TYPICAL CAR MECHANICAL ENERGY LOSSE
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Engine Cooling

Tire Rolling
Resistance

Transmission
Power Steering
Final Drive
Electrical
Engine Friction
Aero Drag
Vehicle Mass

Brag Drag



FOCUS ON FUNDAMENTALS
INDEPENDENT OF PROPULSION

DESIGN

PARASITIC LOAD

INTEGRATION

RECOVERY

Mass Efficient
Architecture and
Components

Efficient
and Active
Aerodynamics

Excellent
Packaging
Reduced Frontal
Area

7 Reduced Electrical
Loads

Lower Rolling Tires
(balanced)

Variable Rate
Compressors

Driveline
Efficiency and Spin
Loss Reduction

Aggressive Shift
Schedules

Driveline Gear
Ratio Optimization

Stop/Start for
AT and MT
Applications

Efficient PT
Cooling

Active Noise
Cancellation

Eco Driving
Feedback

Intelligent
Charging
Efficient:Cabin

Cooling/VVarming:
EYElES

1 Brake
Regeneration

Opportunistic
Charging
Thermal

Recovery/Waste
Heat Utilization

Supplemental
Power Storage




ACTIVE NOISE CANCELLATION

ANC Microphone: Two microphones in ™

the headliner “listen” for a low-end N - e
boom from the engine. ANC Module: The engine boom detected by the ANC

microphone prompts an onboard frequency generator
= to create counteracting sound waves.

Speaker: The ANC sound waves are played through the audio system’s front speakers
g and rear sub-woofer to counteract the engine boom, ensuring quiet driving.
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IMPROVING GASOLINE ENGINES

. Cam Phasing, Variable Valve Port Deactivation with EGR
Modular and Flexible Lift, Active Fuel Management

Architectures
Reduced Mass

Improved Combustion
Technology

Integration of Leading
Edge Technologies

Spark Ignition Downsized SIDI HCCIld Homogeneous Charge
Direct Injection Turbo Boosting Compression Ignition




