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Evolution of Specific TorqueEvolution of Specific Torque
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Emission EvolutionEmission Evolution
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Low Temperature Combustion (near-HCCI)
Air/EGR System Innovation
Combustion Feedback Control

Innovations in Lean NOx AT
Active Dispersion Management

Injection System, Cooled EGR, 
Reduced Compression Ratio
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NOx – Load RequirementsNOx – Load Requirements
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Clean Combustion with DieselClean Combustion with Diesel

NOx

Soot

E
qu

iv
al

en
ce

 R
at

io

10
9
8
7
6
5
4
3
2
1

Temperature (K)
1000 1400 1800 2200 2600 3000

C
om

bu
st

io
n 

Ef
fic

ie
nc

y 
H

C
/C

O
 Is

su
es

Conventional Combustion
Fuel rich combustion leads to 
NOx and PM formation.
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Near-HCCI Potential for DieselNear-HCCI Potential for Diesel
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Towards Wide Range Charge ControlTowards Wide Range Charge Control
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Conventional EGR Cooler

+ Optimized EGR cooler
+ Bypass for light-load and cold operation

+ Separate water circuit

+ Clean EGR (low pressure)

Temperature and composition

+ VVA

VGT

2-Stage
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Boost System 
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The Next RevolutionThe Next RevolutionThe Next Revolution

Near-HCCI combustion  
Ultra-low NOx operation
Transients + mode switching

Adaptive dispersion control
Component wear
Environmental factors

Enhanced OBD diagnostics

Lots of development to do!
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Balancing catalyst activity between the FTP & US06
Lean-NOx Aftertreatment OptionsLean-NOx Aftertreatment Options
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SummarySummary
Technical case for US LD diesels is improving
Major innovation is underway

What will it take for wide-spread US LD Diesels?
Continued technical progress
Market demand

Continued energy supply pressure
Public experience with new clean diesels
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