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Emissions - NO AVIL

Comparison of NOx Emission Standards (Diesel)
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Emissions - Particulates AV IL

Comparison of PM Emissions Standards
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CO, Fleet Average - g/km
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US CAFE Standards

US Senate Proposal
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Gasoline PFI

Gasoline-DI

Diesel-DI
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European Fuel Prices AV L

unleaded petrol, prices in EU Member States,
October 2000 @ VvAT
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Fuel Price Comparison AV IL

EU Diesel 2010 Proposal
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Cost Comparison AV L

VW Golf 1.91 TDIvs. 1.8 T

» 1500 Euro Difference in
Purchase Cost

5.4vs. 7.9 /100 km
15000 km /year
0.89 vs 1.03 Euro/l

720 vs. 1220 Euro Annual
Operating Costs

3 Year Payback Period

M-B E 270 CDI vs. E 240

» 700 Euro Difference in
Purchase Cost

6.5 vs. 10.7 [/100 km
15000 km /year
0.89 vs 1.03 Euro/l

870 vs. 1650 Euro Annual
Operating Costs

1 Year Payback Period
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Elasticity:
Diesel vs. Gasoline

AV L
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Environment (CO2)

Emissions

Performance

— Europe — North America — Japan — Rest of World
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Specific Torque of HSDI Diesels /A‘V‘L

Specific Torque [Nm/I]
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Specific Power of HSDI Diesels /A‘V‘L
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Specific Torque vs.
Sgecific Povaer /A‘V‘L

|
Diesel

Gasoline -

=
=
Z
@
-
O
| -
@)
|_
&)
=
&)
()]
o
7))

40 60 80
Specific Power [kWI/I]

Source: Kraftfahr-Bundesamt (KBA), 03/2000; mot 11/2000; Automobil Revue 2000

DEER 2002 Conference - 19



<
O
=
o
al
x
S
O
al

KW

/

Sk Nm
,“VV‘ﬂ

80

60

kW/

20 T— 950 bar

0

/ Nm
NM 81 kW

AQ +—66kw

kW

Nm
/;kw

[ 4

110 kW
320 Nm
PDE (EUI)

225 Nm
VP37

182 Nm
VP37
Inj. Press.

285 Nm

PDE (EUI)
Inj. Press.
2050 bar

2050 bar
VGT
58.0 kwi/l

Inj. Press.
1100 bar
VGT

Waste Gate
34.8 kW/I
96.0 Nm/I

VGT
44.8 kWII
150.3 Nm/I

—Inj. Press. —

—168.8 Nm/I—

Peak Torque [N-m]

42.7 KW/I
118.7 Nm/I

50
0

1990

1992

1994

1996

1998 2000

2002

DEER 2002 Conference

-20



-------------------

Assessment of Technologies to
Meet Future Emissions Standards /A‘V‘L

EURO V, US Tier 2, CARB LEV |l Standards

“Conventional” Combustion Systems

Alternative Combustion
Systems plus Aftertreatment

DPF ? > 85%

Alternative Combustion Systems
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o) Diesel Fuel Injection Systems to
Meet Future Emission Standards /A‘V‘L

DI Diesel Fuel Injection System
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Specific Power - kW/I
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Variable Swirl:

Effect on Exhaust Emissions /A‘V‘L
0.5l/Cyl Class, TCIl engine
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Alternative Combustion
Systems /A‘V‘L

AVL Combustion: Single Cylinder Engine - 0.5 l/cyl.
EU Il & EU IV Data: Multicylinder Engine - 0.40 l/cyl.
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Summary and Conclusion AVL

Specific Performance Will Reach
60-65 kW/I
180 Nm/I

Engine Fuel Consumption Will be Reduced by:
Friction Reduction
Faster Engine Warm Up
Reduced Compression Ratio
Cylinder Deactivation, and
Start-Stop Operation
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Summary and Conclusion (2) /A‘V‘L

Emissions Reductions to Very Low Levels by:
Increased Sophistication
Exhaust Aftertreatment
Improved Fuels

Alternative Combustion Systems

Most Solutions Too Expensive or Not Ready

for Mass Production
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Summary and Conclusion (3) /A‘V‘L

“*Mainstream” HSDI Diesel Technology Will

be Cost Competitive With Gasoline Engines

High-Tech Diesels Most Appropriate for
Markets With Strong Emphasis on Fuel
Consumption, i.e.

Europe

North America (Pick-Ups, SUVSs, etc.)
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