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How to prepare for 2030
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(o) Maximizing thermal efficiency
(o) of internal combustion engines

Reducing present

emission regulation
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53%

Euro 7 (2022)

Emissions kW/I 135g/km CO: rget

Reduce CO: and increase kW/I
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Gasoline Particulate Filter (GPF)
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2010 2015 2020 2025 2030
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Source: Ricardo 7
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Key words —Convergence

bustion : SI/CI combustion
. . . WHR : SI/Cl components
Advanced : SI/CI fuel

Aftertreatment : SI/Cl performance
Thermal
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AVL &
%

Miller, Atkinson

VCR, HCCI, UHP, .....
Extended Miller,
Advanced Boosting

Mild Hybrid SI

e.g. extended 48V systems (20—30kW)
as enabler for low emission & CO:

HCCI: Homogeneous Charge Compression Ignition. VCR: Variable Compression Ratio. UHP: Ultra High Injection Pressure
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Tomorrow

&

Lean NOX
Trap + SCR

Advanced EAS &
Temperature Management,
Refined Operation
Strategies

Mild Hybrid CI

e.g. extended 48V systems (20—30kW)
as enabler for low emission & CO:

HCCI: Homogeneous Charge Compression Ignition. VCR: Variable Compression Ratio. UHP: Ultra High Injection Pressure
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Technology

Stoichiometric DI Turbocharged Enginess

Two—stoke/Four—stroke Switching Engines

Cam—profile Switching

Stoichiometric Direct—Injection Engine

Stratified Charge Direct—Injection Engines

HCCI/CAI Combustion
Exhaust Energy Recovery
Closed Loop Combustion Control
Reduced Compression Ratio
Advanced Boosting Technologies
Enhanced EGR Flow & Cooling
Variable Valve Timing
Electric Turbo—Compounding
Narrow Speed Range Operation

mm (Gasoline Engine Technology
== Diesel Engine Technology

(%)
8-10
24

CO: Benefits Cost Viability Maturity
(1~10) * (1~10) *
9 8

5~7
3
8~10
2~10
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5 3
10 8
10 9
10 9
5 4
6 3
6 7
9 2
7 4
6 7
3 2
3 3
5 2

* .1 -Worst, 10 - Best

Source: EPA & Ricardo, 2011
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DiesOtto Engine

* Higher power

* Lower fuel
consumption

* Near zero
emission

High compression ratio
DI, Boosting

HCCI combustion

Ethanol IJ Methanol ?

3 Synthetic fuel S HCCI

"Drei'l__li;l\
- Engl

I @ partial load

<7 Hydrotreated<">- Ideal \"
: " Bio-fuel . r
f*’ Diesel fuel / Diffusive
3 "~ % combustion (self-ignition)

CIl-ICE

Real world
Diffusive combustion
Higr catanlillelg
Low AromUss
Zaro suifu,

HCCI combustion
Low compression ratio

2000 2005 2010 2015 2020 2025 2030
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® Engine (with 48V system)
HCCI, VVT, VGT, VCR, GDI, ISA
Three—way catalyst

® QOperational modes
1. Stop—start at idle (Mild hybrid)

2. Controlled auto ignition(CAl) at mid speed and part load
3. Turbocharging and direct—injection with spark ignition

Source : Mercedes—Benz

DIESEL ENGINE GASOLINE ENGINE

Turbocharging

Intake/exhaust manifold

Source: AVL,
ViennaSymposium 2014

Particulate Filter

Source: EPA &
Ricardo, 2011 14

Variable comp. rato
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e+ 0% POWER ™
ELECTRIC SUPERCHARGER

Combustion Engine

48V BATTERY |

— e — e

E-MOTOR & GENERATOR

48V A& IHEE

Functionality Powertrain

Source: BOSCH 15
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