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

Sonata of Hyundai Motors
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Presentation Overview

i

== Conventional ICEs vehicle
S &= Fngine-out emissions and their regulations

- Gasoline engine vehicles
- Diesel engine vehicles

5= Catalytic aftertreatment technology
== HCCI engines development
== Update on recent progress

= Concluding remarks
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2ls and Vehicle Propulsion ..

soline
ethanol
Compressed natural gas (CNG)
= o0 Hydrogen
== 0 Electric power
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— = 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




Gasoline fueled car: Sonata of Hyundai Motors

Gasol-ine-EIectric Hybrid Car
Prius of Toyota Motors
(October 2003)
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LPG fueled car: Camry of Tbjofé Motors




Future Challenges to Automobile Industries
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+Gasoline Engine-out Emissions

/

Engine

misfire

Nitrogen oxides / region

\ Engine power

Poor Lean
smokey
combustion Stoichiometric AFR Ezft"e

(+ 3-Way catalyst)

Hydrocarbons

Carbon monoxide

/ N
10 12 14 14.7 16 18 20 22 24

Air/Fuel Ratio




Or orferl'-'l't.s"and Compositions of Engine-out
- missions from Current ICEs _—

Jasoline  Diesel engine
engine

100 ~ 4,000 =1,200 350 ~ 1,000
500 ~ 5,000 =1,300 50 ~ 330
0.1~6 =1,300 300 ~ 1,200
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B2~ 4~12 10 ~ 15

EH,04%) 10 ~ 12 12 14~7

—

= €O, (%) 10 ~ 13.5 11 7
SO (ppm) 15 ~ 60 20
PM (mg/m3) - - 65
T (°C) R.T. ~ 1,100 R.T. ~ 850 R.T. ~ 650
GHSV (h-) 30,000 ~ 100,000 30,000 ~ 100,000 30,000 ~ 100,000
AFR 14.7 17 26
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Regulation for CO, Emis§_i_ons

iICarbon Tax
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Finland Carbon tax

- P'.-lorway Carbon tax

A

=) Sweden Carbon tax

r T

~ Denmark Carbon tax

- =

= * Netherlands Environmental tax
= i 7 - Germany Electricity tax
» United Kingdom Climate change tax
Switzerland (010 1) ¢
Japan Carbon tax

New Zealand Carbon tax

= CO, emission trading
e 7 ~ 10 €/ton CO, @ European climate exchange (ECX)

e ca. 10 $/ton CO, @ Chicago climate exchange (CCX)
= CAFE (Corporate Average Fuel Economy)

= Mileage CO, emission rate
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re Regulations for Engine-out Emissions
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asoline Vehicle Emissions Legislation

2 (Economic Commission for Europe)
(Extra Urban Driving Cycle)
TP (Federal Test Procedure)
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Much of the new technology is being driven by passenger vehicle emissions limits.



HD Diesel Vehicle Emissions Legislation
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e Urgent Challenge of 2007/2010
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