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The Past - Present — Future of Clean Diesel

Milestones of Diesels in the US — LD/PC market

1977

Mercedes-Benz
first turbocharged
Diesel passenger
car. In the late
70‘s nearly 80% of
Mercedes sold in
the US were
diesels.

125 Bosch Djese| Systems

4

sse 1886-2011
2

1978

GM introduces
diesel engines into
the market- a 5.7L
V8 or 4.3L V6 made
their way into many

GM passenger cars.

1985

After ~1.0 million
passenger car sales,
numerous engine
failures, and a class
action lawsuit, the
Diesel option for
passenger cars is
abandoned.
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The Dodge Ram with
a 5.9L Cummins
turbocharged engine
increases diesel
pick-up truck
performance

and leads the way to
today's Diesel
dominance in this
market segment.

In 2008 the first
Diesel vehicles
were certified as
EPA Tier 2 Bin 5,
also meeting the
world’s most
stringent LEV2
California
emission
regulation.
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Recent Diesel Technology achievements

1998 July 16th, 2011

For the first time a
diesel car wins the
24-hour race at the
Niirburgring. It is
a BMW 320d with
the distributor
pump from Bosch.

2006

v . |

The diesel era at the
Le Mans 24hrs race
begins. The Audi
R10 TDI with a V12
diesel engine and
Bosch injection
technology wins the
race. Further
victories follow in

2007, 2008 and 2010.

2011

In collaboration with
Bosch, Peugeot
introduces the first
diesel hybrid. The
3008 Hybrid4 has a
163 hp 2.0L Diesel
engine driving the
front wheels and a
37 hp electric motor
powering the rear
wheels. Average
fuel consumption is
est. over 60 mpg.

TDI Panamericana-
to commemorate
the 75th
anniversary of the
Pan-American
Highway the VW
Touareg TDI Clean
Diesel set a new
world record time
of 11d-17h-22m
from Argentina to
Alaska.
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2008 2009

@ VW Touareg

@ VW Jetta

OREETE

@ MB R 320

Flusci ]

@ Since 2007: MB E320
@ BMW X5

CREIETS
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In 2007, our Clean Diesel () tor

2011 2012

&

@ Mazda 3,6 |

34 vehicles.
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What Happened in 20087
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- Financial crisis forced
OEMs to cancel many

i =
development projects.
= Ford F250/350
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Agenda
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Consumer Consideration Index

40%
Would you purchase a clean diesel ?
30% - 28% 29%
25% 25%
24%
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11 11 11 11 11 Source: CNW Research

Steady Increase in Consumer Consideration of Clean Diesel Technology
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Clean Diesel Take-Rate PC/LD
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Clean Diesel Technology achieved Take Rate of > 30% in less than 2 years
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Alternative Powertrain Comparison

Take Rate
100% 7 Average Premium Paid for Advanced Technology Vehicle in NA
(2010)
80% A
60% - Diesel: $2,700 Hybrid: $6,300
12_PC/LD Models Average Take Rate: 30%
40% A
20% A

26 Models Average Take Rate: 5%*

0% . . . . , ._-——-_

Audi A3 Audi Q7 VW Golf VW Jetta VW Ford Toyota Honda Nissan
TDI TDI TDI SE/SW TDI Touareg Fusion  Highlander Civic Hybrid  Altima Touareg
TDI Hybrid Hybrid Hybrid Hybrid

*Not incl. hybrid/electric only vehicles e.g. Toyota Prius, Chevy Volt, etc.
Source: Polk / Edmunds

Clean Diesel Technology on par with other alternative powertrains
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Washington D.C. Panel Discussion ’Iép“”ﬂ- -
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Gas - Diesel comparison:
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Tepper School of Business = William Larimer Mellon, Founder
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<2010

MB GL 350
MB ML 350

MB R 350

=) VW Golf

™) VW Jetta

=) VW Touare

W T

2011 2012

(=) MB S-Class |

i
(=) VW Passat |

e ———————
\#=) Mazda 3 Sky-D|

Ji

(=) VW Beetle |
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2013

S ———
(=) AudiA6 |

————————
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June 2010: 28 vehicles
Actual: 48 vehicles
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Powertrain diversification for Today and the Future

range extender
EV / battery EV (batter)y/
: fuel cell
alt?;';?;'ve alternative fuels
EV / fuel cell
hybrid hybrid
EV/
range extender

Coaser 200 s || ?

Variety of technical solutions needed to address energy reduction
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Optimizing the Diesel System

= Reduction of
compression ratio

= Partly homogenous

w combustion

o *®
L

©
@@ ® P¥
Sol=>

m Swirl-/Throttle Valve
® Turbo Charger/VGT*

. ’ Exhaust gas management

w Fast Catalyst Light-Off
(reduce thermal losses)

Fuel Injection System

= New Generations m Zero Fuel Calibration . . :
: — _ ® Diesel Particulate Filter
= Multiple Injections = Fuel Balancing Control NG I
|
= Reduced Tolerance ® Individual Cylinder X storage catalyst
® Optimized Nozzle Control m Catalystst temp control

125%2&5;“[ Dlesel Systems *VGT= Variable Geometry Turbo Bosc H
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Greenhouse Gas Reduction Simulation

Well to wheel
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Base with GDI T/C Base Base Diesel with ~ Base Diesel Plug-in

Gas E10  Hybrid  Downsized Diesel B20 Fuel Hybrid B20 F-uel Hybrid elec.
Downsized

Exhaust Gas Treatment
Source: EIA report based on GREET model

Significant Potential in Greenhouse Gas reduction expected from Clean Diesel

’zsgﬂﬁ?ﬁﬂ Diesel Systems *estimated based on Bosch internal simulations BOSCH
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Summary Clean Diesel Technology

Well accepted by consumers and fun to drive

Payback in less than 3 years due to fuel savings and greater
residual value

Significant potential to further reduce fuel consumption and
GHG emissions

d.
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By
Driving Diesel System Success in NA — f

Thank You !
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