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Abstract

The Kyoto Protocol, that had been in force from February 16, 2005, requires significamt reduction in CO;
emissions for all anthropogenic sources containing transportation, industrial, commercial, and residential fields,
ete, and awtomotive emission standards for air pollutants such as particulate matter (PM) and nitrogen oxides
(NOx) become more and more tight for improving ambient air quality. This paper has briefly reviewed homoge-
neous charge compression ignition (HCCI) combustion technology offering dramatic reduction in CO,, NGOy
and PM emissions, compared to conventional gasoline and diesel engine vehicles, in an effort of automotive
industries and their related academic activities to comply with future fuel economy legislation, e.g., CO; emis-
sion standards and corporate average fuel economy (CAFE) in the respective European Union (EU) and United
States of America (USA), and to meet very stringent future automotive emission standards, e.g., Tier 2 program
in USA and EURO V in EU. In addition, major challenges to the widespread use of HCCI engines in road
applications are discussed in aspects of new catalytic emissions controls to remove high CO and unburned

hydrocarbons from such engine-equipped vehicles.

Key Wonls : Homogeneous charge compression ignition (HCCY), CO, emissions, Automotive emission stand-
ards, Fuel economy, Catalytic emission controls
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ment mechanism, CDM) 5 9] 2 E ®W7}Z (Kyoto
Mechanism)g A8t 9tk o) 57 GAHS A
=02 A A7H oA 24712 &S 7AS
I, It FEFolv frtEAAE AU ¢ Ue A
EER-T RS

199813 94 259 ) A, 20024 11 8Yd] ulE
&Y ogubebs 19979 ZEAA e FA o F)
THRoE FHHY 24AVIE AFNEFE AT
skol, A 7)) 7(Organization for Economic
Cooperation and Development, OECD) 3] ¢=3} =
Aol 200419 CO, Ml&F 7|F 02 AjA 99jojmz?
Sog ALd fAVIFEEHEF R&| 73
A fEivteted g 7377 AR AL
2 A%E ok averl A AA g Fel A
AR 3 AAAQ F2, OECD Y=o 29 A
A, AR CO, wiEH T& AN w, 27 77
%717H2013~2018\ )l = 1 thad=o] T8E Ao
2 AZEn 44, A4, FA FE TH 2L
EE EololA CO viEA S 918 A&HQ a7
7} o] Foj Aok & AojAl, B wndAe AFAE
e CO WieFHS Gr|Hos AP § A=
AMF el 7Y o &3 933 homogeneous charge
compression ignition, HCCI) A Q47|49 HoA
I Fo AFFTEFE FA ;. ofg, HCCI
A davied] AFHQ 83 AojA s
2 2g3ka Qe wirts A3 AFujA o] r)z 9
daAE 7I1E FulAo)7&e] At guiste &
ofRuzt g}

O A~
e

=1
R

L2l

2. XFExto] thet CO2/NOx HiEwH

$#¥93H(European Union, EU)oA1E 19903t
ZXE| A A (carbon tax), 87 Mj(environmental tax),
7]%w 8} A (climate change tax) 53 &< CO, W&
AAE A% 4F AAE =Yt 5 FA7IFsE
ek A2 o)dFH Fuls] fhal(Table 1), 7 2
BN AFEE nELJRFA @i A7
o2 st EUs & 257] 3d= J9
11,5004 o= #A 7G9S oz L7k b
& A 2 A 2= (emission trading system, ETS)E =%
9, Yel 2457 & A(International Petroleum
Exchange, IPE) W 9] % 7]3 Al 4 (European Climate
Exchange, ECX)& 7= Al7}aL 7]13 A ] 2(Chicago
Climate Exchange, CCX)¢} A|F3t CO; viE&H-E
Aol olu] AT, Fig. 1914 BX ], 2008
J 19 % 71E 02 ECXd A 20083 129 1234
| FEE COE 26.1 € /tondl] AP H S5, 10€ 31
Aol 207 €/tonel] AHH Q. LEJFA A F
AH 2% CO, YF-5F717bo] AlZHEE 2013 ©]
B 40 ~ 60 €/ton7}A] At Bo] A5 Ao
2 Agda ok

EU A& 20083 &}5t7|171A] A5t S AT
CO;, & A 71Z=2 2 186 ghkmE FHE3H o,
A= 140 gkmo 2 F 8= A3l (Table 2),
2012'3d o] FREj= EUCA A4t 2 EUR &5«
2E AFA sl A CO, viEFE 120 ghkm=E 2
Fokwr &), 20083 k7] RE 2011 L7k A
£5E 140 ghkm CO, vl &7)5F9 A4, vt

Table 1. Representative taxes system for CO; emissions in highly industrialized countries

Country Designated to: Introduction Comments

Finland Carbon tax 1990 Except for LPG and electricity
Norway Carbon tax 1991 Except for LPG and electricity
Sweden Carbon tax 1991 Except for electricity

Denmark Carbon tax 1992 Except for gasoline

Netherlands Environmental tax 1996 Except for gasoline, diesel and coal
Germany Electricity tax 1999 For electricity ;

United Kingdom Climate change tax 2001 For coal, natural gas and electricity
Switzerland CO, tax 2004 For gasoline, diesel and residential oils
Japan Carbon tax 2006 For gasoline and electricity

New Zealand Carbon tax 2007 For gasoline, natural gas, LPG and electricity

Note. LPG: liquefied petroleum gas.
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Fig. 1. CO; trading price at the ECX market in 2008,
Produced from data in Ref. 7.
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20093 74 %] phase-in® & v| =9 Tier 2 L2119
o 4 A ekg x}ek(light-duty vehicles, LDVsyof] of &t
d 2 AbEHE-(nitrogen oxides, NOy) Wl &38]-8-7]Fo 8
ALg-Agd BAG o] 0.07 gmileE L A
H(Table 3), ©1$A 8 A% T8 LIYBIA
8} 4§ A}(passenger car)}i T A HE LE AF
g ol 1290% ojale] 42 Ao S
TE AEE 20109 19 198E o] NO, uj &
& E7Eg FHA AL gt Table 3914 9l5ol,
0.07 g/mile NO, Wi&3# L7158 B E 7FEUE A}
5ty Al S A gst=uE RS &€al LDV
of &3te e AEA FLA Hedrhe AS
sl v gt

Table 30} o1& gl%o], A EUsIA A&
9l= EURO VIl A 7R3 AE3F 3 2,500 kg
o)akel M g9l £:8h= ApEabol] tlgk NO, w23
87129 A9ol= 7ED AERS U AEAE

FEsted At Uk o] 2Fel FakE RE 7h
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fERe
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Table 2. Fuel economy for new passenger cars and light-duty trucks (LDTs)

Implementation year

Country

2004 2005 2006 2007 2008 2009 2010 2011 2012
USA® 27.5° 27.5° 35.5° 36.0
EU° 186 140" 120
Note. The unit is the respective mpg (mile per gallon fuel) and g/km for USA and EU.
“Known as the Corporate Average Fuel Economy (CAFE) program since 1975.
®21.0 mpg for LDTs,
22.2 mpg for LDTs.
6.1 mpg for LDTs.
‘Based on CO; emissions.
prpIied to Korean and Japanese car makers from 2009.
Table 3. NO« emission standards for new passenger cars and light commercial vehicles”
Count Lesislati C , NO, emission standards
“ountry egislation program ategory Gasoline Dicscl
USsA Tier 2 LDVsY 0.07 g/mile™® 0.07 g/mile™
EU EURO V M? 0.06 g/km 0.2 g/km
Note. LDVs: light-duty vehicles.

*Details have been reviewed earlier”.

b Lo .
A passenger car or passenger car derivative seating 12 passenger or less.

‘Average fleet standard applied from model year 2010.

Corresponded to the Bin # 5 in the EPA Tier 2 system.

*Except for vehicles the maximum mass of which exceeds 2,500 kg.
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Fig. 2. Schematic of conventional
gasoline and diesel, and
HCC1 engmesm)
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W7 EEAEY U4 A7, GHEY SAd
A 48 RS0l k' Table 49 FolH g%
o], HCCI 17 d47lse H& R 8340 - 50%)7%
ASEEH 2R Q8] 20 - 25% o] 4] CO, WEHS
4 7] wfell, o A A 9= EUY
COy vl & &-v1E oLt ve] CAFE WA /|5&
XN F Y FELE VY= itk Ve YA
2 7rEE AW NO, ¥ &5 =9 350 - 1,000 2
100 - 4,000 ppmo)) B3} wf 71712 Ule] NO, ¥ &
£ 20 ppm o|ER Y ¢ & B ofiE YA
EZ(particulate matter, PM)& 7 &%k (detection
limit) ©]8}el Aoz RusgYoH™). e HCCT ¢
A AxvlEf e H A7 2 (natural gas, NG), 7+
g, (H}Oli)q@ Fh, dFE B RE ARE AL
43 = A7) B i AR, viejouid A%
2} So% 2‘#%01 7Vssith. Hae] g Bile] 93}
W, full HCCI A8 94748 488 4549 3
ol olg A8 Mol HH dre 11 o] A
kg ojof e}

et e 2 Ay AHe

Z‘] AR1

Zr3 9le HCCI

Table 4. Major advantages and challenges to HCCI
engines

*No need of spark plug and fuel injector

< High thermal efficiency (40 - 50%)

* Very high fuel economy

» Significant reduction in CQ; emissions (20 - 25%)

» Ultra low PM emissions under detection limit

* Very low NOg emissions (< 20 ppm)

» Wide compatibility with fuels, ie., NG, gasoline, diesel,
H,, etc

* Very high CO and HCs emissions (> 1%)

Note. This review does not include other challenges, such
as ultra precise control of combustion phasing, high peak
pressures, full load operation and relatively lower power
density™®.
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