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Why Do We Need much more Advanced ICEs,
such as Homogeneous Charge Compression Ignition 

(HCCI) Engines ?



☞ Effectuation of the Kyoto protocol on February 16, 2005

- CAFE
- CO2 emission trading
- Mileage CO2 emission rate

☞ Inadequate state-of-the-art catalytic control technologies

- EURO VI/VII and (US14) US16

☞ Mandatory on-board diagnostic (OBD) systems

☞ Global energy transition

- Bio-fuels, NG and H2: 20% of road transport fuels by 2020

The answer is mainly associated with:



Catalytic Technology for Gasoline Engine-out Emissions Control
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Implementation of HCCI Engines
(7th Generation ICEs)
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Catalytic Technologies for Diesel Engine-out Emissions Control
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(7th Generation ICEs)
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Challenges of Gasoline and Diesel Emission Controls

Aftertreatment 
systems

Efficiency Limitations and/or requirements

TWC > 90% • Not working under lean burn conditions

LNC 20 ~ 40%

• Low catalytic efficiency 

• Production of N2O with significant amounts

• Post injection

• High thermal stability

• High sulfur tolerance

NSR 60 ~ 80%
• Very weak sulfur tolerance

• Continuous or periodical regeneration

• Post injection

SCR 70 ~ 90%

• Use of reductants 

• Subsequent infrastructures

• Very complicated system

• High volume of SCR catalysts

• No way of PM reduction

DOC
HC and CO: 50 ~ 70%

PM: ~20%
• Low catalytic efficiency

• No way of NO reduction

DOC/DPF
HC and CO: 60 ~ 80%

PM: 50 ~ 70%

• Continuous or periodical regeneration

• Post injection

• Weak sulfur tolerance

• No way of NO reduction



Mandatory OBD Threshold Limits

Class Reference weight 
(kg)

CO

(g/km)

HC

(g/km)

NOx

(g/km)

PM 
(g/km)

SI CI SI CI SI CI CI

I RW ≤1305 3.2 3.2 0.4 0.4 0.6 1.2 0.18

II 1305 < RW ≤1760 5.8 4.0 0.5 0.5 0.7 1.6 0.23

III 1760 < RW 7.3 4.8 0.6 0.6 0.8 1.9 0.28

Gasoline and diesel passenger cars, except those designed to carry more that
6 persons including the driver and those of maximum mass exceeding 2,500
kg, must be fitted with an OBD system for engine-out emissions control.



Global Energy System Transition
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Global CO2 Emissions



CO2 Emission Estimates by End-Use Sectors



Systematic Integration of Gasoline and Diesel ICEs to HCCI Engines

TWC
High power 
density

HCCI-Diesel hybrid 
vehicles in Europe has 
been sold by Nissan 
Motors in 2004.

High power 
density and high 

fuel economy

+

Very low CO2

emissions

Unsolved problems:

∙ Ultra precise control for

combustion

∙ Engine-out emissions

control

DOC

+

DPF

High fuel 
economy



Toolbox Modes of Combustion

Spark Combustion CombustionFuel injection

Fuel and air
Fuel and air 

begin to ignite Combustion Exhaust

@ SI Engine @ CI Engine

@ HCCI Engine



Combustion Mode of HCCI Engines
Homogeneous Charge Compression Ignition
(HCCI) combustion is best regarded as an
operating mode of internal combustion
engines.

In SI engines, a flame is initiated by a
electric discharge and propagates through a
premixed charge of air and fuel.

In CI engines, the flame starts at multiple
sites by autoignition in a heterogeneous
mixture.

Under HCCI conditions a homogeneous
mixture of fuel, air and residual gases from
previous cycles are compressed until
autoignition occurs. Combustion initiates at
multiple sites throughout the combustion
chamber.

Such HCCI engines have the potential to
combine the advantages of both the CI and
the SI engine, and offers excellent fuel
economy, low noxious emissions and stable
combustion. However, significant obstacles
remain to implementation of HCCI engines
in practical passenger cars.

@ SI Engine (SIE)

@ HCCI Engine



Advantages of HCCI Engines



Challenges of HCCI Engines



Homogeneous Charge 
Compression Ignition (HCCI) 

Engines

The Holy Grail of Internal Combustion Engines…
But

Can We Tame the Beast?



Fuel and air 
begin to ignite Combustion

∙ HCCI engine-out emissions control

- [CO] ≥ 10,000 ppm

- [HC] ≥ 10,000 ppm

- [NOx] ≤ 10 ppm

- Active radicals

∙ Combustion phasing and control

∙ Proper air/fuel mixing

∙ Full road operation







Graphical Summary of SI, CI and HCCI Engines





Summary


