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The Past - Present — Future of Clean Diesel

The Oil Party is nearly over
Peak Oil Beyond QOil
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The Past — Present — Future of Clean Diesel

New powertrains: Estimated world market volumes
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Internal Combustion Engines will remain the predominant power train for the near future
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The Past - Present — Future of Clean Diesel

Consumer Consideration Index
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Steady increase in consumer consideration of Clean Diesel technology
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Clean Diesel Take-Rate PC/LD
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Total Cost of Ownership [TCO]

Gasoline Bl Clean Diesel

Light-Duty Passenger Car Medium-Duty Pick-Up Truck
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Source: Carnegie Mellon University

Clean Diesel offers TCO benefits (payback) in less than 18 months
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Clean Diesel Launch Calendar
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Clean Diesel models will more than double in less than 3 years
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Strategies for T2B2/SULEV: Enhanced EGT
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Optimizing the Diesel System

= Reduction of
compression ratio

= Partly homogenous

combustion

O O @ @ ® w Nozzle optimization

@@
CR o ©

m Swirl-/Throttle Valve

| ® Turbo Charger/VTG
W Exhaust gas management

®m Flow and DEF distribution

Fuel Injection System m Fast Catalyst Light-Off
(reduce thermal losses)

= New Generations m Zero Fuel Calibration

= Multiple Injections = Fuel Balancing Control m Diesel Particulate Filter
® Reduced Tolerance = Individual Cylinder m NOx storage catalyst
= Optimized Nozzle Control = Catalyst temp control
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Combustion Process: Nozzle Optimization

1 -Interface between DFIE and
T E] engine

-Important parameters include
- Spray angle
- Number of Holes & Flow

- Injection-orifice

geometry (1)
2 - Seat geometry (2)
1 3 - Sac-hole geometry (3)

Source: Bosch Diesel Engine
Management, 4th edition

Nozzle optimization plays a large role in meeting emission requirements
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The Past — Present — Future of Clean Diesel

Nozzle Spray Interaction

Primary Breakdown

Droplet Interaction
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Nozzle Orifice
Hydro Erosive Grinding

Sharp-edged Hydroerosive rounded
Hydraulic flow tolerance: * 3,5% Hydraulic flow tolerance: < + 2 %

Source:
Bosch
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Nozzle Orifice
Hydro Erosive Grinding: Emission influence

Source:
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Hydrogrinding increases the discharge coefficient

Larger discharge coefficients can have a positive impact on emissions
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The Past — Present — Future of Clean Diesel

Optimizing the Diesel System Combustion Process

= Reduction of
compression ratio

= Partly homogenous
combustion

m Nozzle optimization

A Air Management

m Swirl-/Throttle Valve
® Turbo Charger/VTG

Exhaust gas management
® Flow and DEF distribution

Fuel Injection System m Fast Catalyst Light-Off

Bl = New Generations = Zero Fuel Calibration (reduce thermal losses)
= Multiple Injections = Fuel Balancing Control m Diesel Particulate Filter
® Reduced Tolerance = Individual Cylinder m NOx storage catalyst
= Optimized Nozzle Control = Catalyst temp control
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Catalyst with Denoxtronic — for low NOx emissions

>SCR (Selective Catalytic Reduction) reduces NO, emissions with
no increase in fuel consumption.
>Areduction agent is sprayed into the exhaust gas stream.

>With Bosch Denoxtronic, NO, emissions are reduced by about 85%.

Reduction agent NH; and NO,...
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SCR System Overview:
Bosch Components o T o i

Engine
* Optional: SCR- control unit
functions in separate including
DCU SCR- Dosing [ j Blue tank unit
i functions Control including splashing
** Only sample phase measures, heating
device, temperature
|| and level sensor
Actuators “”” “HH Sensors s 1 Sensors
{ EngineCAN > Pressure [ { EngineCAN >
— - &7 sensor

<D|agnosuc@>
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Plastic Materials of the Bosch SCR System

Supply Module Lid _
Union Nut (Polyamid) Polyamid
HDPE* _
Vent
DPE*+PTFE**
Tank Shell
HDPE* .
Reservoir
Polyamid

Tank Shield

. Filler, Shut-Off Valve
GF-Polyester***

HDPE*

Level Sensor
Polyamid

Tank Heater
Polyamid
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SOCIETY OF PLASTICS CENGINEERS *» AUTOMOTIVE DIVIGION

Diesel-Exhaust Fluid (DEF) System
2011 Ford Motor Co. Superduty Diesel Pickup

-

SPEED, INNOVATION, VALUE

NOVEME

01¢

Diesel Systems

6-2011

() BOSCH

D/ENS-NA | 08.01.2011 | 1187_220.ppt © 2011 Robert Bosch LLC and affiliates. All rights reserved.
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Optimizing the Diesel System

= Reduction of
compression ratio

= Partly homogenous
combustion

m Nozzle optimization

A Air Management

m Swirl-/Throttle Valve
® Turbo Charger/VTG

Exhaust gas management
® Flow and DEF distribution

Fuel Injection System m Fast Catalyst Light-Off
= New Generations m Zero Fuel Calibration (reduce thermal losses)
= Multiple Injections ® Fuel Balancing Control m Diesel Particulate Filter

® Reduced Tolerance = Individual Cylinder m NOx storage catalyst

= Optimized Nozzle Control = Catalyst temp control
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The Past - Present - Future of Clean Diesel
Bosch Injection Systems — Evolution of Pressure

Nozzle pressure
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Clean Diesel Greenhouse Gas Reduction Potential
Downsizing and —speeding Extreme
- enabled by optimized CCS * downsizg.

COMMENTS

> %-value is reduction
potential for
stand-alone measures.

“optimized CCS” -
Package: engine ( +
mgmt.) meas. for low
NO, combustion

DeNOx-Package:
Active DeNOx-system
(NSC NOx-trap or Sel.
Catalytic Reduction).

»
»

Extreme
Down

CO, reduction

2-4%

3
'n‘\* Lin\-"-n,--l:

-9
>
P [bar]

2-3% 1-2%
4-5% W Down-

R A

St/St*** ThM™ Friction

w/ ReCu Reduct.

[Vimin]

;
&
@ N\ 7

Extreme Downsing to 4-cyl.

oCCS* - Package
oCCS plus DeNOx

oCCSs*

Evolution
Significant potential in greenhouse gas reduction expected from Clean Diesel

125 §§§ Bosch Diese| SyStemS SUV w/ 4605 Ibs: Basis: 200 k\{v DI-Diesel, 700 Nm
e * CCS= Conventional Combustion System | ** ThM=Thermal management | *** St/St=Start/Stop System
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Clean Diesel Greenhouse Gas Reduction Potential
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Significant potential in greenhouse gas reduction expected from Clean Diesel
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Summary

Clean Diesel shows potential to meet future emission regulation

Clean Diesel offers additional potential for GHG reduction
Clean Diesel well accepted by consumers due to clear benefits

Clean Diesel an economical solution for today and tomorrow

GOOD CLEAN FUN-ctional
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Diesels are Fun to Drive

Diesel cars have up to 50 % more torque than gasoline cars !
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