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Total vehicle price:  26,990,000 Won

Sonata of Hyundai Motors



Engine price (2.4L DOHC VVT): ≈ 1,800,000 Won

Sonata of Hyundai Motors



Three-Way Catalytic Converter
(TWC)



Catalytic converter price: 800,000 ~ 1,500,000 Won

Sonata of Hyundai Motors



Presentation Overview

☞ Conventional ICEs vehicle

☞ Engine-out emissions and their regulations

- Gasoline engine vehicles
- Diesel engine vehicles

☞ Catalytic aftertreatment technology

☞HCCI engines development

☞ Update on recent progress

☞ Concluding remarks
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Fuels and Vehicle PropulsionFuels and Vehicle Propulsion
☞ Fuels:

o Gasoline
o Diesel
o Methanol
o Compressed natural gas (CNG)
o Hydrogen
o Electric power

☞ Vehicle propulsion system:

o Spark ignition internal combustion engines (SI-ICEs)
o Compression ignition ICEs (CI-ICEs)
o ICE-hybrids (combined ICE and battery power plants)
o Fuel cell (FC) hybrids (combined FC and battery power plants)
o Battery-powered electric vehicles
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Gasoline-Electric Hybrid Car
Prius of Toyota Motors

(October 2003)

Gasoline fueled car: Sonata of Hyundai Motors

H2-Powered BMW 750hL

Diesel fueled car: Volkswagen Jetta TDI

LPG fueled car: Camry of Toyota Motors



Future Challenges to Automobile Industries



AFR vs. Gasoline Engine-out Emissions

Air/Fuel Ratio



Components and Compositions of Engine-out 
Emissions from Current ICEs

EngineEngine--out out 
emissionsemissions

Gasoline engineGasoline engine LeanLean--burn gasoline burn gasoline 
engineengine

Diesel engineDiesel engine HCCI engineHCCI engine

NONOx x (ppm)(ppm) 100 ~ 4,000100 ~ 4,000 ≈1,200≈1,200 350 ~ 1,000350 ~ 1,000

HC (ppm C)HC (ppm C) 500 ~ 5,000500 ~ 5,000 ≈1,300≈1,300 50 ~ 33050 ~ 330

CO (ppm)CO (ppm) 0.1 ~ 60.1 ~ 6 ≈1,300≈1,300 300 ~ 1,200300 ~ 1,200

OO2 2 (%)(%) 0.2 ~ 20.2 ~ 2 4 ~ 124 ~ 12 10 ~ 1510 ~ 15

HH22O (%)O (%) 10 ~ 1210 ~ 12 1212 1.4 ~ 71.4 ~ 7

COCO2 2 (%)(%) 10 ~ 13.510 ~ 13.5 1111 77

SOSOx x (ppm)(ppm) 15 ~ 6015 ~ 60 2020 10 ~ 10010 ~ 100

PM (mg/mPM (mg/m33)) -- -- 6565

T (T (ooC)C) R.T. ~ 1,100R.T. ~ 1,100 R.T. ~ 850R.T. ~ 850 R.T. ~ 650R.T. ~ 650 R.T. ~ 350R.T. ~ 350

GHSV (hGHSV (h--11)) 30,000 ~ 100,00030,000 ~ 100,000 30,000 ~ 100,00030,000 ~ 100,000 30,000 ~ 100,00030,000 ~ 100,000

AFRAFR 14.714.7 1717 2626



Regulation for CO2 Emissions
☞ Carbon Tax

CountryCountry Designated to:Designated to: Introduction YearIntroduction Year

FinlandFinland Carbon taxCarbon tax 19901990

NorwayNorway Carbon taxCarbon tax 19911991

SwedenSweden Carbon taxCarbon tax 19911991

DenmarkDenmark Carbon taxCarbon tax 19921992

NetherlandsNetherlands Environmental taxEnvironmental tax 19961996

GermanyGermany Electricity taxElectricity tax 19991999GermanyGermany Electricity taxElectricity tax 19991999

United KingdomUnited Kingdom Climate change taxClimate change tax 20012001

SwitzerlandSwitzerland COCO22 taxtax 20042004

JapanJapan Carbon taxCarbon tax 20062006

New ZealandNew Zealand Carbon taxCarbon tax 20072007

☞ CO2 emission trading
● 7 ~ 10 €/ton CO2 @ European climate exchange (ECX)

40 ~ 60 €/ton CO2 in 2013
● ca. 10 $/ton CO2 @ Chicago climate exchange (CCX)

☞ CAFE (Corporate Average Fuel Economy)
☞ Mileage CO2 emission rate



Future Regulations for Engine-out Emissions
US07 US10 US16, EURO VII, Jap 16US04

US14

EURO 
IV

EURO 
V

EURO 
VI

EOBD2

140g/km 
CO2

120g/km 
CO2

186g/km 
CO2



Gasoline Vehicle Emissions  Legislation
ECE (Economic Commission for Europe)
EUDC (Extra Urban Driving Cycle)
FTP (Federal Test Procedure)  

Euro V



HD Diesel Vehicle Emissions  Legislation

US10

Phase-in Year

US98

US02

Fleet average = ~1.2 g/bhp·h

NOx Engine-out
(g/bhp·h)

PM Engine-out
(g/bhp·h)



The Urgent Challenge of 2007/2010
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