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Sustainability Roadmap:
Powertrain Technologies/Energy Supply

Engine & Transmission
Improvement

Hybrid Electric Vehicles

Plug-in HEV's Hydrogen Fuel Cell Vehicles

CO2 Emission

Hydrogen
Electricity
Reformulated/Bio mass derived fuels

Petroleum based fuels
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Feel the difference




Fuel Cell

Gasoline
Full Hybrid
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Petrol DI
Micro Hybr.

‘Petrol DI

Feel the difference




How we address the Automotive Contribution

Focus is on technologies which have a broad application, are cost effective.

Feel the difference
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Fuel Economy Stepwise Improvements
Examples - Warm Up
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 Heat Energy Recovery is a clearly identified opportunity
 To maximise the benefit needs a good systems and

physics based approach




Fuel Economy Stepwise Improvements
Examples — Variable Flow Oil Pump

Il Variable oil pump advantages &\ PIERBURG

Comparison of several
control systems
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« Variable Flow Oil Pump can significantly reduce the
pumping effort on the engine at higher engine
speeds resulting in 1 — 2% FE at < £20 / vehicle




Fuel Economy Stepwise Improvements

Examples — Laser Honing
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Powertrain Development: Diesel and Petrol Engines

Diesel Emissions _ Gasoline Fuel Econom
_ _ Any Powertrain _ |
Direct Injection Variablegvalve Timing
Common Ral FIE Power/Tordue Increase Direct i@jection
PM Trap
“Right Sizin
Adv. Boosti

Comp. Ratio
emp. Comb. (CAl)
Tailored Fuels NOx Catalysis
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Feel the difference




<)
=
o)
-
LL
o
o
| -
S
_I
a
e
Q
=
S
O
>
©
| -
o
U)

Feel the difference




Engine Torque Comparison

[ [
= 1.6l SGDI T/C
== 2.0l PFI
= 2.0l Diese
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Engine Torque [Nm]

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500
Engine Speed [rpm]
 The 2.0 Diesel Engine provides higher nominal engine torque
« The SGDI T/C Engine delivers high torque over a wider revolution range g -——""e

Engine torque has to be transformed for the vehicle through the
transmission according to available revolution range -




Torque at Wheel, Top Gear
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= 1.6 SGDI T/C
= 2.0l PFI

= 2.0l Diesel T/C
I I
100 120 140 160 180 200
Vehicle Speed [kph]

* In top gear also the torque at the wheel are at similar levels
for Diesel and GaS Feel the difference

Resulting In-Gear accelerations (i.e. 80-120kph) are equivalent




SGDI X-Brand System Solution

Common Combustion System and Fuel System Components

Sigma 1.6 SGDI

Feel the difference




Fuel Economy Technology Leaps
Engine Downsizing

1.4 DV4 DIESEL

1.3 ROCAM

1.4 SIGMA

1.0L I3 Concept




Transmission Development: Manual and Automatic

LA 1 B Epicyclic
Dual Wet Cllitch Transmissions ANY Transimission 1

(Wet Powers ' Frictiorfreduction
torque applic . | :
Low friction ti@smission fluids
Active trans ion fluid warm
Transmissio

(Dry Powersh

for lower and medium

torque applications.

Feel the difference




Advanced Transmissions

Getrag — Ford “Powershift”

Feel the difference







1999
22000 HH=G
CGH2

2005
FCEVHYGNd
2001 CGH2
Mazda EPremacy

2000 Methanac

ForgdlFaaUS G\
2000 CGH2

Ford FochsiEGS
Methano!



Significant Technical Breakthrougns are raquirad to make FCVs
cornmercially viaole:

» Affordability

Hydrogen On-Board Storage

Durability Improvements

Safety Codes and Standards

Simultaneous Hydrogen Infrastructure
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Fuel Economy, CO,
&
Tailpipe Emissions

Accessibility Performance
( Vehicle Purchase & &
Running Costs ) Driving Practicality













CO, Emissions

Absorbed by plants

Absorbed by plants






